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ABSTRACT 

The Central and Highlands Regions of Viet Nam are the second-highest potential source of hydroelectric power 
in the nation. During the last few years, many projects have gone into operation and contributed significantly to 
economic and social development. However, many such projects have resulted in population displacement and 
resettlement, flooding, deforestation and increases in downstream salinity, which have adversely impacted local 
economic growth and living standards. Based on research in the Vu Gia-Thu Bon Basin, Central Viet Nam, this 
paper makes observations and suggestions on good practices for developing socially and environmentally 
sustainable hydropower projects. 
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1. BACKGROUND 
Over fifty percent of the Central and 
Highlands Regions of Viet Nam are 
covered by forests, which provide 
significant natural resources, including 
abundant sources of water power for 
generating electricity. Apart from some 
smaller river basins, the region has three 
large rivers. These are the Ba River, which 
is sourced and flows through highlands 
forests into the East Sea through Phu Yen 
province; the Sesan-Srepok Rivers that flow 
into the Mekong through Cambodia; and 
the Vu Gia-Thu Bon river system in Quang 
Nam province. Now, a great number of 
small and large hydroelectric projects are 
springing up on the tributaries of these river 
systems. 

Hydropower not only brings benefits to 
investors but also solves the problem of 
meeting Viet Nam’s energy demands, in a 
country where energy requirements are 
growing at over twice the rate of the GDP. 
Hydropower contributes to developing the 
infrastructure of the highland areas and 
solves many social problems and 
encourages permanent settlement by 
gradually reducing nomadic farming. It will 

also boost trading development and shorten 
the distance between the mountains and the 
coastal zone, and between rural and urban 
areas. As a result, the lives of the highland 
population will be gradually enhanced as 
they begin to enjoy increased access to 
modern living standards. 

2. IMPACTS OF HYDROPOWER 
DEVELOPMENT  

2.1. Economic impacts 
Firstly, depending on weather conditions, 
hydroelectric plants operate below full 
capacity in the summer months, or they are 
forced to redirect water for irrigation or to 
counteract saline intrusion. This results in 
losses for investors.  

Secondly, projects can cause serious 
flooding downstream in the rainy season. 
For example, the overflow of the A Vuong 
plant in 2009 and the Song Ba Ha plant in 
2010 caused great damage to the local 
people and their property, devastating 
villages and burying rice fields below the 
hydroelectric dams.  

Thirdly, projects can cause drought and 
saline intrusion during the summer. Twenty 
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years ago, seawater never flowed up the 
Vinh Dien River, but now, the salinity 
regularly increases in the dry season. As a 
result, the Dien Ban District Irrigation 
Company had to invest in a back-up 
reservoir to provide freshwater to rice fields 
after seawater had flowed up the Thu Bon 
River. As salinity levels steadily rose in the 
Cau Do River, the Da Nang Water Supply 
Company had to invest in another intake 
station upstream from An Trach dike, over 
10 km from the existing Cau Do Water 
Supply Station.  

These problems are related to deforestation, 
climate change and transportation develop-
ment, with hydropower as a contributing 
factor.  

2.2. Social impacts 
Other major problems resulting from 
hydropower projects are population 
displacement and the challenges of 
maintaining a sustainable environment for 
the re-settled communities. In addition to 
other completed hydropower projects or 
projects currently under construction in the 
Central and Highlands Region of Viet Nam, 
eight particularly large hydropower 
projects, of over 50 MW each, located in 
the Vu Gia-Thu Bon basin, will submerge 
10,000 hectares of land and 14,000 people 
will have to leave their homes. These 
numbers do not include households which 
will not move but must cede their land to 
incoming families.  

According to the Government’s decree No 
197/2004/ND-CP, dated 03/12/2004, con-
cerning compensation, support and resettle-
ment under the state’s land acquisition 
criteria, 'the new residence must be 
identical to or better than the old one'. 
Most hydropower projects in the Vu Gia-
Thu Bon Basin have only partially 
implemented this regulation. Most investors 
provide compen-sation and resettlement 
funding for the new housing, transportation 
systems, electricity and water supplies; but 
they do not provide for the establishment of 
a sustainable livelihood for the resettled 

communities. So the affected families, 
communities and local authorities must then 
take full responsibility for this.  

2.3. Environmental impacts 
Hydropower can have the following 
environ-mental consequences:  

1) Submergence of forest lands: Large 
hydropower projects normally flood forests 
but projects in the Central and Highlands 
regions are relatively insignificant;  

2) emission of greenhouse gases: As flora 
disintegrate in the reservoir they emit 
greenhouse gases, which can be limited by 
cleaning the reservoir thoroughly before 
filling;  

3) blocking the movement of aquatic 
species: Fish swim upstream or others 
downstream to the brackish estuary to lay 
eggs. Hydropower dams can block the path 
of breeding fish and the biodiversity of the 
rivers is lost;  

4)  increased deforestation: Many hydro-
power construction companies clearing land 
for reservoirs illegally exploited forest, for 
example the Khe Dien hydropower work in 
the Quang Nam province. In addition, 
because of the shortage of arable land, 
resettled households continue to deforest. 
The Song Tranh 2 hydropower project 
submerged nearly 2,000 hectares, most of 
which was land suitable for housing and 
cultivation. To compensate for land lost, 
another 2,000 hectares of protected forest 
was destroyed and transformed into 
production land, in addition to the illegal 
deforestation of areas used for generations 
for traditional food cultivation by ethnic 
minority communities. 

3. THE WAY AHEAD 
Although there have been some negative 
impacts on the economy, society and the 
environment it must be realized that, in the 
present structure of electricity production, 
hydropower currently accounts for 42 
percent of the national generation capacity. 
The average cost of hydropower generation 
is half the cost of thermal generation. For 

342 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

example, turbine gas generation costs about 
4 cents to 4.5 cents per KWH. This is why 
investors are attracted to this new sector. In 
addition, if the negative impacts, especially 
the environmental ones, can be limited, 
then hydropower is still considered as the 
most eco-friendly production source of 
electricity, after wind and solar.  

So, in the coming years, Viet Nam will 
continue to exploit its hydropower 
potential. Previously, large international 
financial institutions, such as World Bank 
and the Asian Development Bank (ADB) 
would not finance Vietnamese hydropower 
projects. The World Bank has now agreed 
however to grant a $330 million loan to the 
260 megawatt Trung Son hydropower plant 
in Thanh Hoa province, and ADB is 
financing a $196 million loan to the 190 
megawatt Song Bung 4 hydropower plant 
in Quang Nam province. Both banks 
require the investor (Electricity of Viet 
Nam) to commit to policies that will 
considerably reduce adverse environmental 
effects, and, at the same time, to agree to 
implement safeguard policies overseeing 
the transparency of information, 
resettlement programs and the livelihoods 
of the indigenous people.  

Based on the analysis above and on 
research on current development plans for 
future hydropower projects in the Central 
and Highlands Regions of Viet Nam, in the 
author’s opinion it is necessary to identify 
negative factors during the planning and 
approval processes and to implement 
economic and technical reporting during the 
construction process and also after the plant 
goes into operation, to document, measure 
and maximize the positive contributions of 
hydropower and to document, measure and 
minimize the negative aspects. 

4. OBSERVATIONS AND SUGGEST-
IONS ON GOOD PRACTICES 

4.1. Multipurpose operation 
A hydropower reservoir has three basic 
functions, which are flood control, 
electricity generation and irrigation. 

However, reservoirs may be designed to 
meet one or more of these requirements and 
overlook the others. The Song Da 
reservoir’s primary objective is to provide 
flood protection, then electricity generation 
and finally downstream irrigation of the 
Red River Delta. The Phu Ninh reservoir in 
Quang Nam province and the Ke Go 
reservoir in Ha Tinh province primarily aim 
to provide irrigation, with flood control and 
electricity generation as secondary 
objectives. Generally, reservoirs 
constructed in the Central and Highlands 
Regions have the primary goal of 
generating electricity; they were built 
without the extra capacity for flood 
emergencies, and only supply water to 
downstream communities at minimum flow 
during the dry season. 

To remedy the recent flood damage 
wrought downstream of hydropower plants 
in the Vu Gia-Thu Bon Basin, on 
13/10/2010 the Government issued 
Decision Number 1879/QD-TTg requires 
that reservoirs without standby control must 
reserve 10 percent of their capacity to 
reduce flooding. This is a way to correct 
deficiencies in previously approved 
reservoir designs, where standby 
requirements were overlooked. 

The author therefore maintains that the 
government must always have proper 
regulations on design and operation in place 
to assure flooding standby capacity for both 
large and small projects, especially ones 
built on terraces.  

4.2. Clear allocation of responsibilities  
Responsibilities must be clearly allocated 
and observed, during planning, construction 
and after plants are fully operational.  

The inception of a hydropower project 
always requires an environmental impact 
assessment (EIA) and a resettlement report. 
Large projects of 50 megawatts and over 
are approved by the Ministry of Natural 
Resources and the Environment; while 
smaller ones are appraised by the 
Department of Natural Resources and the 
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Environment and ratified by provincial 
People’s Committees. A hydropower 
project is often managed by many 
functional ministries. Issues related to land 
acquisition and grants are managed by 
Ministry of Natural Resources and the 
Environment. The ones relating to irrigation 
and aquatics are managed by Ministry of 
Agriculture and Rural Development, and 
those related to quality of work are 
managed by Ministry of Industry and 
Commerce and several other related 
ministries. However, when problems arise, 
responsibility and accountability is 
extremely difficult to assign, so that provin-
cial agencies cannot be held responsible, 
and district-level People’s Committees are 
left to provide acceptable solutions. 

In World Bank and ADB projects, investors 
must comply with their safeguard policy 
statements and those of the government are 
similar. The only difference is that, in 
addition to following the basic government 
requirements, these institutions always 
insist on a supervisory role for the affected 
community, using many channels of 
independent assessment. The supervision is 
continuous, from project inception until 
well after the project is fully operational. 
From these concepts and experiences they 
can now find better ways to finance the 
following projects.     

4.3. Public information and involvement 
of local communities 

A public information policy must be 
implemented, and the supervisory role of 
local communities must be enhanced.  

This is important to the World Bank and the 
ADB when they finance the projects. These 
are the basic parts: 1) All affected people 
must have sufficient access to project 
details, from the local authority, from the 
grass-roots, from the investors, from project 
managers and so on; 2) the affected people 
have the right to participate in decisions 
concerning compensation, choices of 
locations for resettlement, resettlement 
schedules and arrangements, housing 

design, water sources, the location of arable 
land and so on, to ensure that life in their 
new home is equal to or better than before; 
3) people must know where to submit 
complaints if the public information policy 
is broken; and 4) each phase of the project 
can only proceed when all the concerns of 
local residents have been resolved.  

A example for process of compensation at 
the Song Bung 4 hydropower project, 
financed by ADB as follows. The affected 
local people always participate in 
inventoring lands, crops, houses and 
construction works. After that, the Nam 
Giang District Planning and Finance 
Department evaluates the compensation 
amounts, according to Decision No 
23/2010/QD-UBND. Regula-tions include 
guidance on compensation and resettlement 
support in Quang Nam Province and are 
approved by the Nam Giang District 
People’s Committee. Details of compen-
sation amounts are listed and sent to the 
affected people, and, at the same time, 
posted at the hamlet office. If, after twenty 
days, the affected people have no 
complaints, The investors will personally 
pay the affected people in cash under the 
supervision of the District Planning and 
Finance Department and the hamlet 
authority. The families that receive 
compen-sation and move as planned will be 
then be awarded another from three to five 
million VND. Not only compensation but 
also choices for resettlement and cultivation 
land location, housing pattern, residing 
freely or at the resettlement area, etc., are 
made with participation and influence of 
the people, according to the general norms 
of Quang Nam Province People’s 
Committee. With access to information and 
active involvement, the people can 
ascertain the investor’s compliance with the 
applicable policies. 

4.4. Food security and sustainable liveli-
hoods for resettled communities 

The word 'livelihood' is commonly 
defined in an economic perspective as the 
occupation, work or other means of earning 
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income to provide the necessities of life. 
The livelihoods of the ethnic mountain 
commu-nities mainly depend on critical 
resources such as the forest, arable land, 
manpower, knowledge and experience, with 
rudimentary methods and tools. During 
resettlement, communities risk to lose land, 
employment and income. 

Therefore, in order to guarantee sustainable 
livelihoods, production resources must be 
guaranteed during the resettlement process. 
By enhancing awareness in communities 
and with adequate state support, resettled 
communities may overcome their vulnera-
bilities and prosper. 

The requirements to ensure sustainable 
livelihoods in resettled communities as 
follows: 

1) To ensure resources: Most importantly, 
sufficient areas of wet rice fields must be 
granted.  Dry rice fields only have a 
productivity of 1.5 tons per hectare and 
only one crop per year, whereas wet rice 
fields have a productivity of 3.5 tons per 
hectare per crop, with two crops per year, if 
sufficiently irrigated. A wet rice field of 
300 m2 rice field is enough to supply food 
to a family of four; otherwise the same 
family needs up to 1.5 hectares of dry rice 
field. Up to now, hydropower investors in 
the Central and Highlands regions have not 
provided this amount of land to resettled 
communities. 

2) To develop new livelihoods: To reduce 
deforestation, preserve and regenerate trees 
and still earn an income, new long-term 
solutions must be planned to sustain the 
communities. Hydropower projects must 
invest more in infrastructure, such as 
transportation, electricity supply networks, 
water supply systems and communications 
that facilitate the development of a new 
business environment for the resettled 
communities, so that surplus products they 
do not need for their own use can be traded.  

Many hydropower schemes include 
construc-tion of roads to remote areas. This 
is an opportunity to shorten the distance 

between the highlands and the coastal areas, 
bridging the gap between the two 
economies and ultimately increase incomes 
and quality of life by access to markets; 
health services; extension services; and 
education. 

3) To enhance the awareness and support 
of the state and local authorities: To 
improve their conditions and capabilities, 
resettled communities must be able to use 
existing resources more efficiently, and, at 
the same time, remedy their vulnerabilities. 
With state and local support, the 
highlanders will be able to gradually 
develop new livelihoods independently, 
thereby increasing their income and 
prosperity. 

If food supplies and income increase at the 
same time, resettled communities will 
always benefit from sustained livelihoods. 

The efforts must be long-term, to allow for 
consolidation far beyond the resettlement 
stage.  

4.5. Benefit-sharing  
By building a hydropower benefit-sharing 
mechanism, bigger multiple impacts will be 
created to increase the benefits of 
hydropower projects. This will depend on 
the investors and local communities in 
affected areas knowing how to wisely use 
existing resources and cooperating with 
each other. In addition, local authorities 
play an important role in creating effective 
institutions to control and ensure benefits to 
all related partners. The implementation of 
such a mechanism will bring many benefits:  

1) The hydropower plants will have an 
abundant source of water;  

2) local communities will gain income 
without deforestation; and  

3)  the state can achieve its goals for 
environ-mental protection 

This approach is feasible. It has been 
partially implemented in Quang Nam 
Province. The province now levies a natural 
resource tax on the A Vuong hydropower 
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plant, amounting to about twelve billion 
VND per year. The province retained a 
sixty percent share and transferred the other 
forty percent to the three districts of Dong 
Giang, Tay Giang and Nam Giang (that 
source the water for the hydropower plant). 
These districts will implement development 
programs to support the affected 
communities currently living on the site. 
However, this amount of money is not 
enough to generate income to protect the 
forest, so it will be necessary to raise more 
money from other sources, if the 
hydropower plant does not contribute 
further from its net earnings. The 
hydropower plants will benefit if the forest 
is protected.  

Previously, Quang Nam Province 
implemented forestation programs on the 
dry rice fields and local authorities planned 
to compensate resettled communities for 
lost food. In reality, unsuitable crops were 
planted and died in dry rice fields, so, 
ultimately, the mountain people in Quang 
Nam still rely mainly on cassava trees. It is 
regrettable that this program was 
abandoned and that the mountain people 
still grow their traditional trees on land 
cleared for rice cultivation.  

Benefit-sharing is one element of a 
sustainable hydropower strategy for 
economic, social and environmental 
benefits in affected areas. Development of 
this proposed mechanism will surely bring 
lots of benefits both to investors and to the 
local people, and also assist the government 
in achieving its environmental protection 
objectives. 

5. CONCLUSION 
Hydropower projects can generate 
economic growth, ensure energy security, 

and contribute to economic and social 
development in the highland areas. 
Previously, many hydropower projects have 
had serious negative impacts on society and 
the environment, and damaged the 
economies, assets and human lives in flood-
prone areas. This lead to experts from 
organizations and communities to voice 
their concerns because they disagreed on 
the ways that hydropower projects had been 
carried out. 

In particular, analysis of both the positive 
and the negative issues shows that in the 
past, hydropower investors consistently 
saved on costs to increase profits. Even 
today, the management processes, 
procedures, regulations and 
implementations of the various government 
agencies are still not clear and consistent. 
Also domestic financial institutions, for 
financial reasons, have so far only focused 
on the return on investment, without 
considering the related and adverse social 
implications.  

If hydropower development continues to 
focus only on profit, it is certain that its 
economic and social benefits will be short-
lived and that the economy will suffer great 
harm in the longer term. A hydroelectric 
plant can operate for over 100 years, and it 
must not only be concerned with the short 
term goal investment recovery, but deal 
with long-term issues. The solutions and 
modalities suggested in this document 
could help create unique and improved 
mechanisms and policies to provide a solid 
foundation for hydropower projects in the 
Central and Highlands Regions to 
permanently provide truly sustainable 
development for all. 
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ABSTRACT 
Mekong Delta is the largest granary in Vietnam. But coastal areas in there has been strongly affected by climate 
changes. Therefore, the farming models suitability evaluating based on the climate changes scenarios for Ben 
Tre province, Vietnam country was conducted in order to choose the suitable farming models which can respond 
to climate changes. Based on the scenarios of sea level rise and saline intrusion in 2020 and 2050 for Ben Tre 
province to evaluate the suitability of the farming models and to orient agricultural land use planning. Result of 
the study showed that: there are 4 suitable zones based on the climate changes senerios in 2020, in 2050 and the 
land use types which can adjust to climate changes, according to the local projection in 2020 are 03 rice, double 
rice – one vegetable, fruit, coconut-cacao + prawn, sugar-cane specialization, aquaculture, shrimp-rice and saline 
aquaculture. These results are the basic and useful information for land use planning.   

Key words: climate changes, rise of sea level, saline intrusion, land evaluation 

 

1. INTRODUCTION  
Ben Tre is coast adjacent to the East Sea 
with a length of 65km and intricate river 
systems, over 90% area with the elevation 
less than 2m above sea level, in the 
lowlands along the river, even less than 1m, 
frequently flooded when the tide. 
Hence, Ben Tre is one of the areas most 
affected by climate change in the Mekong 
Delta. The rise of sea level due to climate 
change results in saline water intrusion, 
accompanied by flooding due to dikes 
costruction, threatened reservoirs, made the 
rice fields in coastal plains flooded. Using 
farming model how is problem posed for 
farmers living in coastal areas can adapt to 
changes in environmental conditions. The 
study was conducted for the purpose of land 
suitability zoning and to orient agricultural 
land use to coastal areas of Ben Tre. 

2. METHODOLOGY 
The study  is implemented in three coastal 
districts of Ben Tre Province: Binh Dai, Ba 
Tri and Thanh Phu. 

Collecting soil maps, water maps, rates 
1:50000, map of the current state of land 
use in 2010, administrative maps, rate 
1:50000 at Department of Resources and 
Environment of three districts. 

Collect  the data, including: the climate 
change scenarios B2, A1FI in Ben Tre of 
Ministry of Natural Resources and 
Environment; general explanation report 
about land use planning to 2020; and general 
planning about social-economic development 
of three districts to 2020 at Department of 
Agriculture, Department of Natural 
Resources and Environment of three districts. 

Survey of the status of land use, farming 
model, agricultural production. The natural 
conditions: soil properties, water properties 
related to the ability of development for 
land use types as: kind of soils, depth of 
alum floor appearances, depth of produced 
alum floor appearance, depth of flooding, 
flooded time, ability to provide water 
during the dry season. 

Household interview using questionnaires. 
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Using Mapinfo 10.5 software and other 
software to build space database and 
establish land unit mapping. 

Evaluating the suitability of land according 
to the method of FAO (1976) 

Orientation for agricultural development in 
2020 by using above result and 
social-economic development planning of 
the province. 

3. RESULTS 
3.1 Zoning natural land suitability in    

2011  
Defining farming systems had the same 
suitability level which was accepted of land 
mapping units.  

Land mapping unit will be collected many 
small groups which have had close 
correlation.  

Thus, partitioning the adapt areas. 

Results of zoning natural land suitability in 
2011 for 3 districts: Binh Dai, Ba Tri and 
Thanh Phu, Ben Tre Province are displayed 
in table 1, 2 and figure 1. 
Table 1. Land Characteristics of the adaptative 

areas in 2011 

Area Drainage Provide 
nutrition 

Deep of 
alum 

floor/birth 
alum floor 

(cm) 

Salinity 
(‰) 

Flooding 
(cm) 

Ia Good Good < 50 <10‰ ≤ 20 

Ib Good Less No alum <10‰ Not 
flooded 

IIa Less Less < 50 10-20‰ Not 
flooded 

IIb Less Average No alum 10-20‰ Not 
flooded 

III Good Less No alum 20-30‰ Not 
flooded 

IV Less Average No alum 20-30‰ ≤ 20 

 
Figure 1. Map of suitability zoning at 3 coastal 

districts, Ben Tre Province in 2011 

 

Table 2. Land use types of the adaptative areas 
in 2011 

Area Hectare Land use types 

Ia 42.919,5 

Rice specialization, double rice – 
one vegetable, shrimp-rice, 
fruit, coconut-cacao + prawn, 
vegetable specialization, 
sugar-cane, prawn ponds, fresh 
aquaculture 

Ib 4.892,5 Vegetable specialization 

IIa 17.327,0 
Shrimp-rice + prawn, 
shrimp-oyster, shrimp 
specialization 

IIb 735,56 Prawn ponds, shrimp-rice, 
shrimp-oyster, shrimp-oyster 

III 3.255,8 No 

IV 32.188,4 Shrimp-oyster, shrimp 
specialization 

3.2 Zoning natural land suitability for 
3 districts in 2020 

Zoning natural suitability based on the 
scenarios in 2020 for 3 districts: Binh Dai, 
Ba Tri and Thanh Phu, Ben Tre Province 
are displayed in figure 2 and table 3, 4. 
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Figure 2. Map of suitability zoning at 3 coastal 

districts, Ben Tre Province in 2020 
 

Table 3. Land Characteristics of the adaptative 
areas in 2020 

Area 
Deep of alum 

floor/birth alum 
floor (cm) 

Salinity 
(‰) 

Flooding 
(cm) 

 No alum/<50 < 4‰ ≤ 40 

II No alum 4-10‰ ≤ 20 

III No alum/>50 10-20‰ ≤ 40 

IV No alum 20-30‰ ≤ 40 

 

Table 4. Land use types of the adaptative areas 
in 2020 

Area Hectare Land use types 

I 19.424,9 

Rice specialization, double rice – one 
vegetable, shrimp-rice, 
fruit, coconut-cacao + prawn, 
vegetable specialization, sugar-cane, 
prawn ponds, fresh aquaculture 

II 29.344,6 

Rice specialization, double rice – one 
vegetable, shrimp-rice, 
fruit, coconut-cacao + prawn, 
vegetable specialization, sugar-cane, 
prawn ponds, fresh 
aquaculture, shrimp-rice, 
shrimp-oyster, shrimp specialization 

III 17.741,4 Shrimp-rice, shrimp-oyster, shrimp 
specialization 

IV 34.783,5 

Rice specialization, double rice – one 
vegetable, shrimp-rice, 
fruit, coconut-cacao + prawn, 
vegetable specialization, sugar-cane, 
prawn ponds, fresh 
aquaculture, shrimp-rice 

Results of zoning natural suitability based 
on the scenarios in 2020 for 3 districts are 
still divided 4 groups with the total of 
different soil characteristics, based on the 
similar about natural property of land units 
to divide natural suitability areas 
corresponding freshwater, brackish, saline 
ecological zones of district. 

3.3 Zoning natural land suitability for 
3 districts in 2050 

Zoning natural suitability based on the 
scenarios in 2020 for 3 districts: Binh Dai, 
Ba Tri and Thanh Phu, Ben Tre Province 
are displayed in table 5, 6 and figure 3. 
Table 5. Land Characteristics of the adaptative 

areas in 2050 

Area 
Deep of alum 

floor/birth alum 
floor (cm) 

Salinity (‰) 
Flooding 

(cm) 

Ia No alum/>50 4-10‰ Not flooded 

Ib No alum/<50 4-10‰ ≤ 60 

II No alum/<50 < 4‰ Not flooded 

IIIa No alum 10-20‰ ≤ 20 

IIIb No alum 10-20‰ ≤ 60 

IV No alum 20-30‰ ≤ 60 

Results of zoning natural suitability based 
on the scenarios in 2050 for 3 districts are 
still divided 4 groups with the total of 
different soil characteristics, based on the 
similar land units to divide natural 
suitability areas corresponding freshwater, 
brackish, saline ecological zones of district. 
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Figure 3. Map of suitability zoning at 3 coastal 
districts, Ben Tre Province in 2050 

Table 6. Land use types of the adaptative areas 
in 2050 

Area Hectare Land use types 

Ia 16.601,8 

Rice specialization, double rice – one 
vegetable, shrimp-rice, 
fruit, coconut-cacao + prawn, 
vegetable specialization, sugar-cane, 
prawn ponds, fresh aquaculture, 
shrimp-oyster, shrimp specialization 

Ib 9.686,6 
Rice specialization, prawn ponds, 
fresh aquaculture, shrimp-oyster, 
shrimp specialization 

II 1.502,2 

Rice specialization, double rice – one 
vegetable, shrimp-rice, 
fruit, coconut-cacao + prawn, 
vegetable specialization, sugar-cane, 
prawn ponds, fresh aquaculture 

IIIa 26.987,7 Shrimp-rice, shrimp-oyster, shrimp 
specialization 

IIIb 4.221,7 Shrimp-oyster, shrimp 
specialization, shrimp-rice 

IV 42.294,5 

Rice specialization, double rice – one 
vegetable, shrimp-rice, 
fruit, coconut-cacao + prawn, 
vegetable specialization, sugar-cane, 
prawn ponds, fresh 
aquaculture, shrimp-rice 

3.4  Land use planning based on  
climate change scenarios 

Establishment 
Proposing agriculture development for 
three districts in 2020 have establish based 
on the result of natural adapt classification 
in 2020 for every district, conducted to 
choose suitable farming systems. Those 
models were selected based on the 
criterions:  

- High and medium natural adaptability. 

- According to the current land use 

- According to goal of development and 
according to local`s developed orientation. 

Proposing for agricultural development 
for districts in 2020 

 
Figure 4. Map of natural land use planning for 

3 coastal districts, Ben Tre Province in 2020 

- Fruit-trees: belong to high and medium 
suitability. The area is 10,528.3 ha. In there: 
7,415.1 ha at Binh Dai district, distributed 
to the communes: Tam Hiep, Long Dinh, 
Long Hoa, Chau Hung, Phu Thuan, Vang 
Quoi Tay, Vang Quoi Dong, Loc Thuan, 
Phu Vang and Thoilai. Ba Tri district with 
1,076.1 ha, distributed to 2 communes: Tan 
Hung and Tan My. Thanh Phu district with 
2,037.8 ha, mostly focus in communes 
belong to sub-area I as: Dai Dien, Tan 
Phong, Quoi Dien, Thoi Thanh. 

- Coconut - cocoa: belong to high and less 
suitability (but will be upgraded). Total of 
coconut-cocoa area in 2020 is about 5,089.3 
ha. Binh Dai district is about 1,778.5 ha, 
distributed to 2 communes: Dinh Trung and 
Binh Thoi. Ba Tri district occupies a plot of 
1,390.3 ha, distributed to the communes: 
Tan My, My Hoa. Thanh Phu district is 
coconut-cocoa cultivation area 1,919.7 ha, 
distributed to the communes: Dai Dien, 
Quoi Dien, Thoi Thanh, Hoa Loi.  

- Triple rice crops: belong to high and 
medium suitability. The area is 21,199.1 ha. 
Binh Dai district is 2,231.3 ha, distributed 
to the communes: Long Hoa, Phu Thuan, 
Chau Hung, Phu Long and Thanh Tri. Ba 
Tri district is about 13,206.3 ha of 03 rice 
crops, distributed to the communes: Tan 
My, My Hoa, My Chanhh, My Thanh, An 
Phu Trung, An Ngai Trung, An Ngai Tay, 
An Hiep, An Binh Tay, My Nhon, Ba Tri 
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town, Phuoc Tuy, Tan Xuan. Mostly focus 
is the communes belong to sub-area I of 
Thanh Phu district as: Dai Dien, Tan Phong, 
Quoi Dien, Thoi Thanh and a part of My 
Hung Commune (the area is 5,760.1 ha). 

- 02 rice - 01 vegetable: belong to high 
suitability and marginally suitability (but 
will be upgraded). Total of 02 rice - 01 
vegetable area is about 7,290.8 ha. Binh 
Dai district is 1,216.0 ha, distributed to 2 
communes: Thanh Tri and Binh Thoi. Ba 
Tri district occupies a plot of 3,998.9 ha, 
distributed to the communes: An Hoa Tay, 
An Thuy, Vinh Hoa, Phu Ngai, Bao Thanh, 
Bao Thuan, Phuoc Tuy, Tan Xuan. Thanh 
Phu is 02 rice - 01 vegetable cultivation 
area about 2,077.2 ha, distributed to the 
communes: My An, My Hung, Thanh Phu 
town, Binh Thanh, An Thuan. 

- Sugar-cane: belong to high and medium 
suitability. Total of sugar-cane area is 
2,812.7 ha. Binh Dai is 1,433.8 ha, 
distributed to 2 communes: Phu Long, 
Thanh Tri. Ba Tri district occupies a plot of 
1,060.3 ha, distributed to the communes: 
My Hoa, Tan My, Tan Xuan, Phu Ngai, 
TAn Thuy, An Hoa Tay. Thanh Phu district 
is sugar-cane cultivation area about 321.7 
ha, distributed to the communes: Hoa Loi, 
Binh Thanh. 

- Freshwater: belong to medium suitability. 
Total of freshwater area is 292.7 ha. Binh 
Dai is 85.2 ha. It adapts to raise freshwater, 
scattered distributing to the communes 
which belong to sub-area I and sub-area II. 
Ba Tri is freshwater area about 208.4 ha, 
focus in Phu Le Commune. 

- Shrimp-rice: belong to high suitability and 
unsuitability (but will be upgraded). Total 
of shrimp-rice area is 16,210.7 ha. Binh Dai 
district is about 7,876.4 ha, distributed to 
the communes: Binh Thoi, Binh Thang, 
Binh Dai town, Daihoaloc, Thua Duc, 
Thanh Phuoc. Ba Tri district occupies a plot 
of 688.7 ha, distributed to the communes: 
An Duc, An Hiep. Thanh Phu district is 
shrimp-rice cultivation area about 7,845.1 
ha, distributed to the communes: My An, 

An Thanh, Thanh Phu town, An Thuan, An 
Quy, An Nhon. 

- Salt-water fish: belong to high suitability. 
Total of salt-water fish area is 18,671.2 ha. 
Binh Dai is 7,132.8 ha, distributed to the 
communes: Thoi Thuan, Thua Duc, Thanh 
Phuoc. Ba Tri district occupies a plot of 
3,628.6 ha, distributed to the communes: 
Bao Thanh, Bao Thuan, An Thuy, An Hoa 
Tay. Thanh Phu district is salt-water fish 
cultivation area about 7,909.8 ha, 
distributed to the communes: An Dien, 
Giao Thanh, Thanh Phong, Thanh Hai. 

4. CONCLUSION  
Land adaptability evaluation in current 
conditions and the climate change scenarios 
showed that soil properties and water 
quality are suitable for the farming systems 
in three districts. Impact of climate change 
on these properties in 2020 compared to the 
present situation is not regconized. But to 
2050, these changes are clearly predicted. 

- Promising farming system are selected:  
Triple rice crops, 02 rice – 01 vegetable 
crop, prawn – rice, fruit crop trees, 
coconut-cocoa- prawn, vegetable, 
sugar-cane , prawn pond, freshwater  fish, 
shrimp-rice, shrimp-oysters and intensive 
shrimp. 

- Identifying 4 areas of land adapted for the 
land use types in three coastal districts under 
climate change scenarios 2020 and 2050 (in 
2050 have two more sub-regions). 

The land use types adapted to climate 
change and in accordance with the local 
development in 2020: 03 rice crops, 02 rice 
– 01 vegetable crop; fruit crop trees, 
coconut-cocoa (prawn); sugar-cane; 
freshwater fish; shrimp-rice; brackish fish. 

Land adaptability evaluation according to 
the scenarios in 2020, in 2050 about saline 
instrution and rise of sea level, showed 
natural suitability, not showed change of 
soil, change of economic value. Assessment 
should combine suitability land based on 
the scenarios about soil and economic value 
for 3 districts. 
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ABSTRACT 
MODIS (MODerate Resolution Spectroradiometer) Remote Sensing Technology with varying multispectral 
spatial and temporal resolution and large coverage, which suitable for monitoring the changes of Earth's surface 
in large scale. Some kind of data from satellite images provides information to monitor vegetation cover such as 
MOD09Q1 image, with spatial resolution of 250x250m, and at 8-day interval, suitable for the study of crops and 
rice cropping calendar. Based on the images properties (Normalized Difference Vegetation Index-NDVI), the 
relationship with the change of rice crop status in space and time to help identify the rice cropping calendar and 
cropping season (case study in An Giang province 2012-2013). Besides, the prediction of pest occurence could 
be generated based on the correlation between the rice growing stages and pest's occurence. Results show that 
can use satellite images of MODIS-MOD09Q1 to generate the rice cropping stages and pest occurrence status. 

Keywords: Cropping stages, season, pest, remote sensing, MODIS, NDVI 
 

1. INTRODUCTION 
Nowadays, the rice cropping calendars in 
The Mekong Delta are very complicated, 
even in the same cropping season, since it 
difficult to delineate the current state of 
rice-growing stages. Usually, the 
monitoring for cropping season mainly 
based on surveys, reports from local 
officers. Since, this does not guarantee the 
accuracy and require more time, funding, 
etc. Therefore requires farmers should have 
a general knowledge of composite 
-intensive processes, understand the rules of 
the development occurence pests (Pham 
Van Du and Le Cam Loan, 2007). 
Meanwhile, the rice pest related to the time 
of rice sowing, varieties, growth stages, 
especially in the period before 20 days of 
age. Therefore, monitoring the area of rice 
crop and the rice growing stages at each 
time and locality will help managers 
directing rice production and early warning 
pest occurence, as well as monitor the 
process of applying management measures 
to protect crops in each locality. 

Today, the use of remote sensing techniques 
combined with Geographic Information 
System (GIS) and statistical methods, spatial 
interpolation has been applied in the study of 
the spatial distribution characteristic in many 
countries around the world (Burrough , P. A , 
1986 S. Aronoff 1989). MODIS (or 
Moderate Resolution Imaging 
Spectroradiometer) is a key instrument 
aboard the Terra and Aqua satellites 
provides global maps of several land surface 
characteristics, including surface reflectance, 
albedo (the percent of total solar energy that 
is reflected back from the surface), land 
surface temperature, and vegetation indices. 
In this study, MOD13Q1 and MOD09Q1 
images were used to calculate NDVI for 
monitoring status of crop rice and early 
warning pest occurrence. This is the basic 
for proposing appropriate solutions. 

The study mainly uses MODIS remote 
sensing images combined with GIS to 
monitor the time of sowing/transplanting 
and the rice growing stages. The study 
mainly uses MODIS remote sensing images 
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to monitor and delineate the rice crop 
progress and cropping calendars in the 
Mekong Delta from 2008 to 2009.  The 
results were validated and correlated with 
official collected and reported data of Plant 
Protection Center South.   

2. RESEARCH AREA 
The Mekong delta located from 8030’-110 
North latitude and 104030’-1070 East 
longitude including 13 provinces: Longan, 
Tiengiang, Bentre, Dongthap, Vinhlong, 
Angiang, Cantho, Haugiang, Soctrang, 
Camau, Baclieu, Kiengiang and Travinh. 

The images collection: The images were 
collected from NASA, code MOD09Q1, 
spatial resolution of 250m, and temporal 
resolution with 8-day period from 1st of 
January (2008) to 14th September (2009), 
4800 x 4800 pixels/image, georectified and 
from 1st of January (2012) to 14th 
September (2013) for rice crop monitoring 
for early warning pest occurence. The 
NDVI images were calculated for rice 
showing stages and cropping calendar 
determination. Red and Near Infrared bands 
were used for calculation NDVI (Table 1). 

Table 1. Rice crop monitoring for early 
warning pest occurence 

 MODIS band  Wavelength (μm )  Resolution (m) 
 1  0.620 to 0.670   250 
 2  0.841 to 0.876   250 

3. METHOD 
3.1 Creating the Normalize Different 

Vegetation Index (NDVI) 
Normalized Different Vegetation Index 
(NDVI) created from combination of 
spectrum band of visible, near infrared, 
infrared and red, from which intermediate 
evaluation can be differenciated the 
characteristics of the materials such as 
biomass, leaf area index, and 
photosynthetic capacity seasonally.  Those 
characteristics are relevant and highly 
dependent on the type of plant cover and 
weather, physiological characteristics, 
biochemical and pests. (NDVI) is averaged 
in time series data is the basic tool to 

monitor changes in vegetation status, which 
can assist in understanding the impact of 
weather and climate to the biosphere. NDVI 
is calculated as follows: 

)(
)(

RNIR
RNIRNDVI

+
−

=  

3.2 The relationship between NDVI 
values and rice growing stage 

Because NDVI value of crops changing in a 
certain situation (ex: each soil type has 
different properties). Generally, its value 
changes in the same direction. Based on 
research results of Parida et al (2008) in 
India’s Gujarat, the proposed NDVI values 
as shown in Table 2: 
Table 2. Criteria used to classify land use (BR 

Parida et al, 2008) 

NDVI ranges Land uses 
NDVI> 0.74  Forest 

0.74 <NDVI> 0.46 Irrigated crops 
0.46 <NDVI> 0.20 Rainfed crops 
0.20 <NDVI> 0.15 Fallow land 
0.15 <NDVI> 0.05 Bare Soils 

0.05 <NDVI> 0.001  Salt pans 
NDVI <-0.001 Water 

3.3 Monitoring the progress of rice sowing 
and delineating the rice cropping 
calendar 

The time series NDVI values of the Mekong 
Delta were calculated and delineated, which 
combined with rice growing states to find 
out the relationship between NDVI indexes 
for rice growing stages.  On the basis that 
low NDVI value at the early stage, then 
increased gradually and peaked at heading 
stage, and decreased when rice began mature 
and harvested (Figure 1).  

 

 Figure 1. NDVI change at different rice 
growing stages in Winter-Spring and 

Summer-Autumn crops 
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3.4 Predicting the occurrence of pests 
From the results determine the current 
status of the rice growing stages at each 
time of the survey and based on the ability 
to appear and attack of pests respectively in 
each different the rice growing stages, maps 
predict the occurrence of these types of pest 
is established ,  based on the use of GIS 
technology. The results is compared with 
the data reported by the specialized 
agencies 

4. RESULT AND DISCUSSION 
4.1  NDVI image interpretation 
Each NDVI images allow monitoring 
changes in vegetation status, represented by 
the difference of NDVI index at a certain 
time, corresponding to level of low or high 
values.  Through analysis of NDVI images 

in 2008, a few images where homogenous 
tone (light or dark) throughout the year, 
remaining changes over time. From first 6 
months of 2008 showed that the coastal 
areas and Ca Mau peninsula have very low 
NDVI (brightness color) and not 
significantly changed during the year.  In 
contrast, in AnGiang, DongThap, CanTho, 
HauGiang have high NDVI value in 
January, February and decreased in March, 
April, and increased in May, June.  In last 
6 months of 2008, in CaMau and the coastal 
area, the NDVI values colors tend to dark 
over time (decreasing of NDVI). In contrast, 
the NDVI value decreased in the September, 
October and November in AnGiang, 
DongThap and KienGiang provinces. The 
results in 2009 also showed similar 
variation. 

 

 
Figure 2. NDVI image day 17/01/2008 Figure 3. NDVI image day 18/2/2008 

  

Figure 4. NDVI image day 21/3/2008 Figure 5 . NDVI image day 22/4/2008 
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4.2 Analysis of variation in NDVI values 
Usually, if the NDVI index peaks (from 0.5 
to 0.9) are the regions with well-developed,   
rice is in tillering/maturing/flowering or 
industrial crops/fruit trees/forests. If NDVI < 
0.5, there is no or poor plant growth, 
specialized areas such as shrimp, salt, water 
logging or sowing rice. The NDVI values of 
uncultivated or no crop are often stabilized 
throughout the year. The NDVI values of 
objects which not high fluctuations over 
time will be split into a separate object.  For 
rice cultivation in the Mekong Delta region, 
according to figure 3, the  changes in NDVI 
sinusoidal shape, reached maximum values 
at 0.8 to 1.0 corresponds to stage the 
maximum growing stage and decreased to 
about 0-0.4 when the season ends, this value 

continues to increase as a rule when starting 
a new season. 

4.3 Time of rice sowing 
Based on the temporal variation of NDVI 
values in the Mekong Delta, showing that 
the time of rice sowing of each rice crop as 
in Figure 6 and Table 3 

 
Figure 6. Example of changing of NDVI index 

for 2 crops (Main Winter Spring - Early 
Summer Autumn) 

 

Table 3. Rice sowing area (ha) intepreted from MODIS images in May and June, 2009  

From To AG BL BT CM CT 
01/05 08/05  30,712  850  87  56 21,412 
09/05 16/05  78,262 12,456  618  237  7,750 
17/05 24/05 166,600 10,600 18,156 5,518  5,050 
25/05 01/06  650  3,231  1,331  550  6,250 
02/06 09/06  2,356 35,856 6,550 2,537  37 
10/06 17/06   156    
18/06 25/06   4,131  68 9,431  400 
26/06 03/07      

From To DT HG ST TG TV 
01/05 08/05 67,468 26,106  7,093   2,543   1,468  
09/05 16/05 29,912 14,187 20,075   5,643   3,512  
17/05 24/05 74,500 29,343 52,768  45,418  38,337  
25/05 01/06  406  1,450  6,318   1,006  11,375  
02/06 09/06  37  400 17,400   6,500   4,375  
10/06 17/06    868      
18/06 25/06  4,012  168 39,868   1,106   943  
26/06 03/07    243   206    

From To  KG  LA VL Total 
01/05 08/05 77,843   20,506  10,531  14,543 
09/05 16/05 15,050   26,431   50  9,206 
17/05 24/05 105,862 135,131   5,543  8,930 
25/05 01/06  1,662   23,737   31  12,412 
02/06 09/06  9,243   17,287   6  10,881 
10/06 17/06       1,024  
18/06 25/06 18,625   225   175  2,225 
26/06 03/07    25    206 
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Figure 7. Rice sowing/transplanting date map 
in May 2009 

4.4 Main rice cropping calendars in the 
Mekong Delta in 2008 - 2009 
Based on the relationship between NDVI 
values with the rice cropping stages over 
time, determine the start time and end of 
each cropping season, which can assist in 
developing the major rice cropping 
calendars for the study area. 

Mono rice crop (traditional rice) 
The Mono rice crops distributed along the 
coast from LongAn, BenTre, TraVinh and 
Soctrang, BacLieu and CaMau.  Time of 
transplanting period ranging from August to 
middle of September (rice have been sown 
in June, July) (Figure 8). 

 

Figure 8. Typical mono rice cropping calendar 

Double rice crops 

This rice cropping calendar is most popular 
in the Mekong Delta (in the freshwater and 
slightly saline areas).  The image 
interpretation showing that NDVI index 
reached its maximum twice a year at 
different intervals depending on the time of 
sowing (Figure 9). 

 
Notes: (1): Summer Autum - Autumn Winter (2): Main Winter 
Spring - Early Summer Autumn (3): Early Winter Spring - late 

Summer Autumn (4): late Winter Spring  - Main Summer 
Autumn 

Figure 9. Some typical double rice cropping 
calendars 

Summer Autumn - Autumn Winter: The 
cropping calendar is scattered in the coastal 
areas. The Autumn-Winter starting date of 
rice sowing around middle of September of 
previous year (2007) and ended at end of 
January of year after (2008).  Then, soil 
will be fallowed for 3 months (due to 
salinity or flooding) and start sowing 
Summer-Autumn rice crop in May.  Then 
it starts for next rotation. Which populated 
in Giarai (BacLieu); Thanhtri, Myxuyen 
and Longphu (Soctrang). 

Main Winter Spring - Early Summer - 
Autumn: Winter-Spring cropping season 
started in November of previous year, after 
harvested, it starts sowing for next cropping 
season from 21/3 to 6/4.  Then this 
cropping season soil is left fallow from 
early of August to end of October, and will 
begin Winter Spring cropping season for 
next rotation of 2009. Populated mainly in 
CanTho, DongThap, AnGiang, VinhLong, 
and scattered in KienGiang provinces. 

Early Winter Spring - Late Summer - 
Autumn: The Winter Spring starting date of 
rice sowing is within October. Soil will be 
followed after this cropping season for two 
months before starting of Summer-Autumn 
cropping season (from 8/5 to 24/5).  After 
harvested, soil will be fallowed for one 
month then it starts Winter-Spring cropping 
season of 2009. Which populated in the 
coastal of TraVinh, KienGiang, CaMau, 
BacLieu provinces. 

Late Winter Spring – Main Summer - 
Autumn: The starting time of rice sowing 
for Winter Spring (2008) within December; 
and The Main Summer Autumn starting 
from 21/3-6/4.  In 2009, the Summer 
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Autumn rice sowing relatively later than in 
2008 (middle to end of April). Most 
populated in HonDat, TanHiep, RachGia 
(KienGiang).   

Triple rice crops 
Triple rice cropping season is most popular 
and almost year round in freshwater alluvial 
soil ecosystem. Based on the time of rice 
sowing calendar, it is divided into Early 
Winter-Spring, main Winter-Spring and Late 
Winter Spring rice cropping (Figure 10). 

 
Figure 10. Some of triple rice cropping 

calendars 

Winter Spring - Spring Summer – Late 
Summer Autumn: at the end of 
Summer-Autumn crop, soil is left fallow for 
1 or 2 months before starting Winter-Spring 
rice crop of next year.  Sowing time for 
the three cropping season can be as: Winter 
Spring - starting from end of november to 
begining of December, second rice crop 
starting from middle of March, third rice 
crop starting from beginning of June. This 
cropping calendar most populated in Caibe, 
Cailay (Tiengiang), Thapmuoi (Dongthap). 

Main Winter Spring – Summer Autumn - 
Autumn Winter: Winter Spring crop sowing 
time starting at beginning of December, the 
Summer-Autumn starting from 6th/April to 
22nd/April, Autumn-Winter sowing from 
end of July to first half of August. When 
Autumn Winter rice crop harvested in 2008, 
soil is fallowed for a month before starting 
of Winter-Spring crop of 2009, which 
populated in AnGiang, HauGiang, BenTre, 
LongAn provinces. 

Late Winter Spring - Summer Autumn- 
Autumn Winter: Winter-Spring crop sowing 
from end of January to beginning of 
February, the Summer Autumn crop starts in 
end of May, and Autumn Winter starting 
from middle of September. Which populated 
in Hongdan, Giarai, Phuoclong (Baclieu); 
and in Kesach, Mytu, Longphu, (Soctrang). 

4.5 Accuracy assessment 
The results was validated with official data 
(Southern Center for Crop protection, 
Ministry of Agriculturtal and Rural 
Development), which showed close 
correlation R2=0.81). The results are quite 
reliable and can be used in monitoring the 
status of rice cropping stages (Figure 11).  

 

Figure 11. The correlation between the 
statistics and interpretation area 

4.6 The rice cropping stagesand the 
prediction of pest occurences from 
MODISNDVI 

The rice cropping stages can be understood 
as rice areas in which rice has the same 
growth stage and uniformity of sowing time 
on a certain scale. The rice cropping stages 
reflect the progress of rice sowing and it 
can predict the pest occurences in each rice 
cropping stage. The map rice cropping 
stages in An Giang is also made an 8-day 
period corresponding to compositing 
periods of MODIS image. Each map has 5 
units corresponding to 5 growth stages of 
rice (Table 4). 

Table 4. Growth stages of rice. 

Growth Stages Days after sowing 
Transplanting 00-20 
Tillering 21-40 
Flowering 41-70 
Maturity 71-90 
Harvest >90 

The rice growing stages is identified based 
on the time of sowing. The map of rice 
growing stages is separated from 
MODIS-NDVI index in each observation 
point. The rice cropping stages is determined 
based on NDVI index, the time of rice 
sowing, the statistical data and results field 
surveys. Results separated the rice cropping 
into 5 stages, including: Transplanting, 
tillering, flowering, maturity and harvest. 
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The rice cropping stages depends on the 
situation, progress and implementation plan 
for the season in the area. 

The result of accurate assessment and 
correlation between the plated area in 
statistics and interpretation data are shown 
in Fig 9 and Table 5: Area interpretation 
data and statistical correlation coefficients 
together with R2 = 0.8 (Figure 12).  Table 
5 shows that correlated coefficient is 
diffirent in five stages. It is high at 
flowering stage R = 0.88 and R = 0.82; 0.72 
at tillering stage. However, the seedling 
stage and harvest low correlation 
coefficient R was 0.53 and 0.47 times the 
strategy. The reason is that separation is not 
specific to the area of interpretation; there is 
no confusion when the NDVI image 
classification. Therefore, the results of pest 
occurence reliability at flowering and 
maturity stage, followed by tillering stage. 
Correlations area of the rice growing stages 
interpreted with survey data under various 
stages of rice and rice crop. 

 

Figure 12. The correlation between the plated 
area in statistics and interpretation data in 

Winter-Spring 2012-2013 

 

Table 5. The correlation between the plated 
area in statistics and interpretation data 

Interpretation 
data  (ha) 

Statistics data (ha) 
Transplanting Tillering Flowering Maturity Harvest 

Trans- 
planting 0,53 0,00 -0,43 -0,29 -0,15 
Tillering 0,53 0,72 -0,10 -0,35 -0,19 
Flowering -0,29 0,24 0,82 0,02 -0,10 
Maturity -0,31 -0,28 0,37 0,88 0,46 
Harvest -0,29 -0,33 0,06 0,63 0,47 

 

 

Figure 13. The results of separation the rice 
growing stages from MODIS images in 

Winter-Spring 2012-2013 

Early warning pest system is made based on 
the rice growing stages map and regular 
pest damage on the rice growing stages. 
Thus, corresponding to rice growing stage 
will have some major pest occurence highly 
(Table 6). Results of early warning pest 
occurence is presented in Figure 14. 

Table 6. The correlation between the plated 
area in statistics and interpretation data 
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Figure 14. Warning pest occurence map base 
on the rice growing stages in Winter-Spring 

2012-2013, in An Giang Province 

From the rice growing stages map (Figure 
13) and pest warning map (Figure 14) 
shows Winter-Spring crop 2012-2013 pests 
are warned on a number of days as follows: 

On December 11th, 2012 in An Giang 
province, almost area is barre land, some 
places in Tan Phu, Cho Moi, O Long Vi 
district district were warned the pest as rice 
leaf folder, neck blast, rice panicle mite, 
mouse because the rice at flowering stage. 
Communal area in north of ChauPhu 
district were harvesting period so pests such 
as neck blast, rice yellow stunt virus, rice 
panicle mite warning. 

On January 1st, 2013 in AnGiang province, 
most of rice paddies have been sown and in 
the seedling stage. This is the good 
condition for golden snail and mouse attack. 
Some rice area in Tri Ton district has 
grown to tillering and pests like rice leaf 

folder, blast, mouse warning. Beside, a few 
communes in Cho Moi district weren’t 
sown yet. 

On February 2sd, 2013, rice leaf folder, 
blast , rice panicle mite, rice yellow stunt 
virus are warned concentrated in the rice 
flowering stages Thoai Son, Tri Ton district. 
Most of the rice growing stages in An Phu, 
Tan Chau, Tinh Bien, ChauThanh district 
are in the seedling stage and some have 
grown to tillering stage so golden snail and 
mouse were warned for the rice at 
transplanting stage; rice leaf folder, blast, 
mouse were warned for the rice at tillering 
stage. 

On March 6th, 2013, the majority of rice 
growing in maturity stage and rice leaf 
folder, neck blast, rice panicle mite and 
mouse are warned across the region. 

5. CONCLUSION 
This study has completed the method of 
using MODIS remote sensing in monitoring 
the date of starting rice sowing map to 
serve rice crop management and early 
warning pest occurence map periodically 8 
days/time serve plant protection for the rice. 

The results of accuracy assessment showed 
close correlation between statistics and 
interpretation data. 

Monitoring the date of starting rice sowing 
based on temporal variation of NDVI is 
very effective, and useful, for determining 
the current state of rice evolution and rice 
sowing stages then rice cropping calendar, 
which did not depend on human 
subjectivity. From this result could be built 
early warning pest occurence system. 
Which can provide quick and low cost 
information for plant protection and 
decision maker to select the suitable best 
stratergies for crop management. 
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ABSTRACT 
The study included two experiments with fresh pig manure as a main substrate (15.0%DM basis) in the 
completely randomized designs. In the Exp 1 the 50ml-syringes were used. The treatments were inoculum 
resources extracted from fresh pig manure (FPM), sludge of reactor of bio-digester (SR), sludge of removal tank 
(SRT) and rumen fluid (RF) of cattle. In Exp 2, two small experiments were done simultaneously on 50ml-
syringes (Exp 2a) and 5 liter-flasks with six treatments and three replications. The treatments were inoculum 
resources including no inoculum [NC], fresh pig manure [FPM], sludge of reactor of biodigester [SR], sludge of 
5liter-flasks incubated for 60 days with the ratio (g:v) of sludge and medium (1:5) [SF1:5], [SF2:5] and [SF3:5], 
respectively. The incubation period was 80 days with incubated temperature of 39oC. In the Exp 2b 
corresponding to each treatment of the experiment 2a, one 5 liter-flask was used. It was concluded that better 
inoculum sources used for studying in vitro biogas production should be from the sludge of biogas reactors. 
Inoculum extracted from the sludge with the ratio of 1:5 was optimum for biogas production and quality. The 
syringes could be promisingly used for the in vitro biogas production research. 

Key words: In vitro biogas production, pig manure, inoculum sources and levels, flasks, syringes 
 

1. INTRODUCTION 
Animal manure contains a portion of 
organic solids, which are fats, 
carbohydrates, proteins and other nutrients 
that are available as food and energy for the 
growth and reproduction of anaerobic 
bacteria. Yadvika et al. (2004) reported that 
strains of some bacteria and fungi have also 
been found to enhance gas production by 
stimulating the activity of particular 
enzymes. The compositions of 
methanogenic communities present in 
anaerobic reactors have been studied mostly 
for laboratory scale digesters, including up-
flow anaerobic sludge blanket reactor 
granules and mixture reactors treating 
municipal solid waste or wastewater sludge. 
Influence of environmental conditions on 
methanogenic compositions in anaerobic 
biogas reactors have been reported by many 
authors. The in vitro studies of biogas have 
been important for leading the innovative 
and productive research and real 
applications. In the in vitro biogas 
production studies with the flasks, the 
methane proportion was low in the first 
stage due to the slow development of 

methane bacteria. It takes around 40 days to 
get the normal methane production.  
Different inoculum sources used for 
substrate digestion resulted in varying 
biogas production (De Ferrer et al., 2002). 
Syringe systems were widely and 
effectively used in in vitro gas production 
research for evaluating animal feed quality 
based on nutrients degradation due to 
shorter time and economical expenses (Thu 
and Udén, 2003), however, they have not 
been used for in vitro biogas production 
study. The aims of this study were, 
therefore to find the optimum inoculum in 
terms of both resources and levels for in 
vitro biogas production studies with 
substrates from pig manure, and to evaluate 
whether syringes could be used for the in 
vitro biogas production.  

2. MATERIALS AND METHODS 
The study included two experiments were 
done in the laboratory E205 of Dept of 
Animal Husbandry, Faculty of Agriculture, 
Can Tho University. The Exp1 was done 
with 50 ml-syringes. The experimental 
design was completely randomized with 4 
treatments from different inoculum 
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resources and 3 replications. The treatments 
were fresh pig manure (FPM), sludge of 
reactor of bio-digester (SR), sludge of 
removal tank (SRT) and rumen fluid (RF) of 
cattle. The buffer and medium solutions 
were prepared according to methods of 
Menke and Steingass (1988). The incubation 
time lasted 86 days and the temperature was 
controlled by water bath at 39oC. 

The experiment two was also a completely 
randomized design with six treatments and 
three replications. It included two small 
experiments. The Exp 2a the 50ml syringes 
were used, while the 5 liter-flasks were 
used in the Exp 2b. Both of them was done 
at the same time and experimental 
conditions. The treatments were inoculum 
sources including no inoculum [NC], fresh 
pig manure [FPM], sludge of reactor of 
biodigester [SR], sludge of 5 liter-flasks 
incubated for 60 days with the ratio (g:ml) 
of the sludge and medium (1:5) [SF1:5], 
[SF2:5] and  [SF3:5], respectively. The 
incubation time was 80 days with the 
incubated temperature of 39oC. In the 
experiment 2b, corresponding to the 
treatments of Exp 2a one 5 liter-flask was 
used. For each flask one gas bag was used 

to collect the biogas production for biogas 
composition analysis by machine 
Geotechnical instruments GA94 of 
Germany. Both of two Exp, the methane 
and carbon dioxide concentration in syringe 
was determined by NaOH 1M solution by 
two other syringes according to Fievez et 
al. (2005). In both experiments data were 
analyzed by analysis of variance using the 
ANOVA of General Linear Model, while 
Tukey test was used to compare the means 
of (Minitab, 2000).  

3. RESULTS AND DISCUSSION 

3.1 Experiment 1 
The results of Exp 1 were shown in Table 
1, 2 and 3. 

Table 1. The chemical composition(*) of pig 
manure used in the Exp 1 

Item, %DM 

DM OM CP NDF ADF CF Ash 

29.9 84.2 7.36 38.6 22.4 13.1 15.8 

DM: dry matter, OM: organic matter, CP: crude 
protein ,  NDF: neutral detergent fiber, ADF: Acid 
detergent fiber and CF: crude fiber. (*) analyzed 
according to AOAC (1990)  

 

Table 2. Gas production (m3/kg OM) of different inoculum over incubation time in Exp 1. 

Items Inoculum  
P /± SE Incubation  time (days) FPM SR SRT RF 

1 0.022 0.022 0.019 0.018 0.13/0.79 
26 0.058ab 0.062a 0.053b 0.054ab 0.04/1.19 
42 0.078 0.109 0.105 0.068 0.07/6.63 
66 0.111b 0.162a 0.119ab 0.114ab 0.04/7.04 
86 0.127b 0.251a 0.152b 0.126b 0.02/12.2 

FPM: fresh pig manure, SR: sludge of reactor of bio-digester, SRT: sludge of removal tank and RF: rumen fluid 
of cattle. Different letters a and b in the same row showed  statistically significant differences at a level of 5% 

Table 3 . Methane yield (m³/kg OM) of different inocula over incubation time in Exp 1. 

Items Inoculum  
P/± SE Incubational time (days) FPM SR SRT RF 

1 0.005 0.005 0.004 0.005 0.07/0.00016 
26 0.015c 0.069a 0.044b 0.018c 0.001/0.0019 
42 0.041b 0.077a 0.073a 0.028b 0.01/0.0028 
66 0.072b 0.109a 0.079ab 0.080ab 0.05/0.0053 
86 0.086b 0.191a 0.111b 0.081b 0.01/0.0087 

FPM: fresh pig manure, SR: sludge of reactor of bio-digester, SRT: sludge of removal tank and RF: rumen fluid 
of cattle. Different letters a and b in the same row showed  statistically significant differences at a level of 5% 
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In the Table 1 the chemical composition of 
DM, OM and CP of the pig manure used in 
the experiment 1 was similar to those of 
report by San Thy et al. (2005). In Table 2 
showed the biogas production of different 
inoculate at incubation time. At the day 1, it 
was not significantly among the treatments. 
However, in general it was significantly 
different (p<0.05) among the treatments at 
day 26, 66 and 86 with the highest values 
belonging to the SR treatment (0.058, 
0.111, 0.127m3/kg OM, respectively). The 
values of gas production were low and 
similar for the FPM, SRT and RF 
treatments at the day 86. Particularly the 

inoculate from rumen fluid and pig manure 
were usually used for in vitro gas 
production to evaluate feed quality. The 
methane yields obtained at the day 86 in the 
experiment were lower than those reported 
by Mahnert et al. (2005) with the values of 
0.20-0.35m3/kgOM. The methane 
production was significantly different 
(P<0.05) among the treatments at the day 
86 with the highest values of 
0.191m3/kgOM for the SR treatment (Table 
3). The lower values belonged to the 
treatments of  FPM and RF (0.081 and 
0,086m3/kgOM, respectively). 
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Figure 1. The methane concentration (%) of syringe over incubation times 

The Figure 1 showed that the incubation 
time for methane concentration reaching 
60% was the earliest for SR treatment (29 
days). At SRT, FPM and RF treatments 
were 32, 43 and 48 days, respectively.  
These above results indicated that when 
inoculum got from sludge of reactor of 
bio-digester used, which improved the 

biogas production and shortened the 
incubation period. 

3.2 Experiment 2 
In Table 4, nutrients of pig manure in the 
Exp 2 were similar to those of the Exp 1 
with the CP content was slightly lower 
than that of the Exp 1. Gas production, 
methane concentration and yield were 
showed in Table 5, 6 and 7.   

Table 4. Chemical composition (%DM) of pig manure used in Exp 2 
DM OM CP NDF ADF CF Ash 
35.8 82.4 9.42 39.8 29.1 21.9 17.6 
DM: dry matter, OM: organic matter, CP: crude protein , NDF: neutral detergent fiber, CF: crude fiber. 
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Table 5. The gas production (m3/kg OM) of different inocula at different incubation time by 
syringes system in Exp 2a 

Item Inoculum P /± SE Incubational time (day) NC FPM SR SF1:5 SF2:5 SF3:5 
22 0.054a 0.022a 0.102a 0.372b 0.300bc 0.254c 0.000/±0.018 
31 0.116a 0.049a 0.218b 0.399c 0.324cd 0.270bd 0.000/±0.019 
50 0.276a 0.270a 0.338ab 0.427b 0.346ab 0.300a 0.004/±0.022 
80 0.304a 0.321a 0.354ab 0.447b 0.367ab 0.323ab 0.03/±0.026 

NC: no inoculum, FPM: fresh pig manure, SR: sludge of reactor of bio-digester, SF1:5: sludge of flasks 
incubated for 60 days with the ratio (g:v) of  inoculum and medium (1:5), SF2:5: the ratio (g/v) of inoculum and 
medium (2:5) and SF3:5: the ratio (g/v) of inoculum and medium (3:5). Different letters a and b showed a 
statistically significant differences at a level of 5% 

Table 6. The methane concentration in biogas production (%) of different inocula at different 
incubation times by syringe system in Exp 2a 

Item Inoculum P /± SE Incubational time (day) NC FPM SR SF1:5 SF2:5 SF3:5 
22 67.0ab 62.0ab 74.7a 72.0ab 62.0b 63.5ab 0.04/2.85 
31 77.7a 79.0a 77.7a 69.0b 62.0c 62.0c 0.000/0.91 
50 75.7ac 79.3a 70.7abc 65.3bc 67.0c 62.0b 0.001/1.86 
80 68.3a 69.3a 65.7ab 64.3ab 61.7b 52.6ab 0.01/1.37 

Table 7. The methane production (m3/kg OM) of different inocula at different incubation times by 
syringes system in Exp 2a 

Item Inoculum P /± SE Incubational time (day) NC FPM SR SF1:5 SF2:5 SF3:5 
22 0.036ac 0.014a 0.076c 0.268b 0.186d 0.161d 0.001/0.011 
31 0.089a 0.039a 0.169b 0.275c 0.201b 0.168b 0.001/0.014 
50 0.208ab 0.214ab 0.239ab 0.279a 0.232ab 0.186b 0.03/0.016 
80 0.207 0.223 0.233 0.287 0.226 0.202 0.08/0.017 

The biogas production of different 
inoculum at different incubation times by 
syringes system was showed in Table 7. 
The gas production was significantly 
different (P<0.05) among the treatments 
with the higher values belonging to the 
treatments of inoculum extracted from pig 
sludge incubated for 60 days. The gas 
production of SF1:5 treatment was 
significantly (P<0.05) higher than the 
others at different incubated days. In Table 
6 also showed that at the day 22 of 
incubation, the methane concentration got 
the point of standard biogas (more than 
60%) at all treatments. In Table 7, methane 
yield of the SF1:5 treatment was 
significantly higher (P<0.05) than the 

others at the day 22, 31 and 50 but not the 
day 80 (P=0.08). Kossmann et al. (2007) 
reported that the biogas yield and methane 
content of pig manure at the end of a 10-20 
day retention time at a process temperature 
of roughly 30°C was 0.34-0.55 m3/kg OM 
and 65-70%, respectively. The biogas yield 
in this experiment was higher than those 
reported by Songkasiri (2004) by pig 
manure in Thailand of  0.217 m3/kg OM. 
Thus by the syringe system for studying the 
in vitro biogas production was promisingly 
found for both improved time consumed 
and biogas production.  

The results of the flask experiment (Exp 2b) 
were stated in Table 8, 9 and 10. 

Table 8. The biogas production of pig manure with different levels of inoculum at different 
incubation time by flask (m3/kgOM) in the Exp 2b. 

Item Inoculum P /± SE Incubational time (days) NC FPM SR SF1:5 SF2:5 SF3:5 
22 0.137ab 0.081a 0.112ac 0.351b 0.297bc 0.247ab 0.005/± 0.033 
31 0.179 0.187 0.287 0.375 0.346 0.291 0.06 /± 0.036 
50 0.376 0.393 0.379 0.406 0.365 0.323 0.58 /±0.031 
80 0.376 0.393 0.399 0.427 0.370 0.380 0.87 /±0.034 
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At the incubation day 80 the highest biogas 
production belonged to the SF1:5 treatment 
and was similar to that of the Exp 2a (Table 

8). However significant differences of these 
values among the treatments were just at the 
day 22 of the incubation.    

Table 9. The methane concentration (%) of biogas of pig manure with different levels of inoculum 
at different incubation time by flask  in Exp 2b. 

Item Inoculum 
P /± SE 

Incubational time (days) NC FPM SR SF1:5 SF2:5 SF3:5 
22 35.7 49.1 36.5 60.2 61.9 62.8 0.07 /± 5.34 
31 44.7 56.8 56.2 59.4 62.5 63.1 0.12 /± 2.71 
50 59.3ab 67.6a 60.1ab 59.7b 62.4ab 61.7ab 0.05 /± 1.41 
80 62.5 67.5 60.9 59.6 62.6 53.5 0.28 /± 3.63 

 
The methane concentration of the biogas 
was showed in Table 9. At the day 22 they 
were 60.2, 61.9 and 62.8% for the SF1:5, 
SF2:5 and SF3:5 treatments, respectively, 
while the NC, FPM and SR treatments were 
35.7, 49.1 and 36.5%, respectively. They 
were lower than the same treatments of Exp 

2a with values of 67.0, 62.0, 74.7, 72.0, 
62.0 and 63.5 for the  NC, FPM, SR, SF1:5, 
SF2:5 and SF3:5 treatments, respectively. 
The methane production were numerically 
different among the treatments at the day 22 
and 31, however, they were similar after 
day 50 of incubation in Table 10. 

Table 10. The methane yield (m3/kg OM) of production of pig manure with different levels of 
inoculum at different incubation time by flask in Exp 2b. 

Item Inoculum 
P /± SE 

Incubational time (days) NC FPM SR SF1:5 SF2:5 SF3:5 
22 0.057ab 0.040a 0.044ac 0.212b 0.185bc 0.156ab 0.008/±0.0 25 
31 0.080 0.109 0.163 0.223 0.217 0.184 0.10 /± 0.027 
50 0.225 0.265 0.228 0.242 0.228 0.199 0.57 /±0.023 
80 0.237 0.265 0.243 0.254 0.232 0.202 0.49 /±0.022 

NC: no inoculum, FPM: fresh pig manure, SR: sludge of reactor of bio-digester, SF1:5: sludge of flasks 
incubated for 60 days with the ratio (g:v) of  inoculum and medium (1:5), SF2:5: the ratio (g/v) of inoculum and 
medium (2:5) and SF3:5: the ratio (g/v) of inoculum and medium (3:5). Different letters a and b showed a 
statistically significant differences at a level of 5% 

Fig 2. A comparision of CH4 concentration produced 
between two systems over days
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Figure 2. A comparision of CH4  concentration 
produced between two systems over days 

The results of present experiment by flasks 
were similar to those of the experiment 2a 
by syringes and were consistent of those 
reported by Schmidt et al. (2005) that the 
methane yield of pig manure, poultry and 
sewage sludge were 0.30, 0.25 and 

0.30m3/kg OM, respectively. In general for 
the syringe experiment the methane 
concentration reaching 60% was earlier 
than that of the flask experiment.  This was 
also showed in Figure. 2 when comparing 
the CH4 concentration of the treatment 
SF1:5 of both two systems. 

There was a close relationship of biogas 
production over incubated times between 
syringe and flask experiments (R2 = 0.86, 
SE=0.038) in Figure 3. Thus the syringes 
could be promisingly used for the in vitro 
biogas production research to replace the 
flasks for saving the cost of time, labor, 
materials and chemicals.  
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Fig 3. Relationship of biogas production between 
syringe and flask systems

y = 0.782x + 0.098
R2 = 0.86, SE=0.038
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Figure 3. Relationship of biogas production 
between syringe and flask system 

 
 

4. CONCLUSIONS AND 
RECOMMENDATIONS 

It was concluded that better inoculum 
sources used for studying in vitro biogas 
production should be from the sludge of 
biogas reactors. The inoculum with ratio of 
1:5 (g:ml) of sludge incubated for 60 days 
and medium was optimum for biogas 
production and quality. The syringes could 
be promisingly used for the research of in 
vitro biogas production. The comprehensive 
studies of in vitro biogas production by using 
the syringe systems should be considered.
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ABSTRACT 
Removal of cadmium and lead from aqueous solution onto fern leaf powder was studied under various 
conditions such as contact time, pH, initial concentration of metal ions and adsorbent dose. The adsorption 
processes of these metal ions were elucidated by using kinetic and isotherm models. From the experimental data, 
Itwas observed that the adsorption processes for both metal ions followed the pseudo-second-order model and 
Langmuir model, indicating the chemical and mono layer adsorption process. The maximum adsorption 
capacities of fern leaf powder were found to be 44.8 and 59.76 mg/g at pH 5.5 and 150 min of contact time for 
cadmium and lead, respectively. From this research, it revealed that fern leaf is a good biosorbent for removal of 
cadmium and lead form aqueous solution. 

Keyword: Fern leaf, Cadmium, Lead, Absorption 

 

1. INTRODUCTION 
Lead and cadmium have been known to be 
very toxic metals whose acute exposure 
even at low levels can be extremely harmful 
to human health[1, 2].  Lead and cadmium 
mostly enter human bodies through the 
digesting system due to contaminated foods 
or drinking water. Contaminated water is a 
more difficult challenge because of the 
wide distribution of sources and affected 
areas. Similar to other types of heavy metal, 
lead and cadmium   found in surface and 
ground water systems often from, to name a 
few, sources such as run off from solid 
waste disposal sites and agriculture fields or 
directly through effluent from industrial 
manufacturing sites e.g., mines, acid 
battery, and electroplating [3]. While efforts 
have been made at both ends to stemmed 
this problem, i.e., preventing water from 
contamination with lead and cadmium, and 
cleaning contaminated water, it is often 
found that the latter is a more practical 
approach. 

A variety of research studies have been 
made to find suitable treatment technologies 
for effective removing of these heavy metal 
contaminated waters. Technologies such as 
precipitation, ion exchange and 

adsorptionhave been widely employed, 
depending on specific scenarios [4]. 

More recently, the bio-sorptiontechnology 
based on metal binding capacity of various 
biological materials hasbeen explored as a 
potential alternative for removal of these 
metal ions from industrial waste streams and 
contaminated water [5]. This is because it 
relies on relatively inexpensive, readily 
available, and abundant local biomass which 
is biodegradable. Further, the attractive 
points of this biosorption technology 
areitsefficiency in removing pollutantsat 
very low concentrations of metal ions. 

A variety of absorbent materials from local 
plant leaves have been studied to identify 
their ability in absorbing heavy metals [6, 
7]. The results obtained have indicated the 
potential of using those local biomass 
resources in removing heavy metals from 
contaminated waters 

In this research, we focus on the possibility 
of using available local biomass in Vietnam 
as alternative heavy metals absorbent that is 
theleaf powder of fern. The plant belongs to 
the botanical group known as Pteridophyta 
to remove Cd (II) and lead(II) from aqueous 
solution. 
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2. EXPERIMENTAL 

2.1 Preparation of adsorbent  
Fern leaves were collected from local 
gardens in Thu Duc district, Ho Chi Minh 
City, Vietnam, were used for procedure 
absorbent material in this study. The fresh 
leaves were washed thoroughly with water 
and dried in oven at 80°C for three hours. 
The dried leaves were ground and sieved to 
obtain the desired particle size at 0.25–
0.40 mm for lead (II) and cadmium (II) 
adsorption study. 

2.2 Adsorption experiment  
Adsorption experiment was conducted by 
agitating 0.1 g powder of the powder of 
fern leaves with 50 ml solution containing 
30 mg/l of each metal ion in flasks at 250 
rpm using a water batch shaker at 303 K. 
The effect ofpHon the adsorption of metal 
ions on the adsorbent was studiedby 
changing pH of the adsorption solution 
from 1 to 6. Adsorption kinetics were 
studied by mixing 0.1 g of adsorbent with 
50 mL of solution containing metal ions 
with initial concentrations  of 30 mg/l at pH 
6 (pH< pHzpc). Cadmium and lead sorption 
isotherms at pH 6 were studied at 303K by 
varying the concentrations of metal ions in 
range 10 to 210 mg/l. The adsorption 
solution sample was collected at regular 
intervals and separated from solid phase by 
filtering through the filter paper. 
Concentrations of Cd(II) and Pb(II)in liquid 
phases were determined using a 
voltammetry method (Sana and Alshikh, 
2010) [8]. 

The adsorption capacity defined as an 
amount of Cd(II) and Pb(II) ions per unit 
mass of adsorbent is calculated by using the 
following formula: 

m
V

C
CCq

i

ti
t ×

−
=                     (1) 

where Ci is the initial concentration of metal 
ions (mg/l), Ct is the concentration of metal 
ions at time t (mg/l), V is the volume of 
adsorbate (l); m is the mass of adsorbent (g). 

3. RESULTS AND DISCUSSION  
3.1 Effect of pH  
 The effect of pH on the adsorption of Cd(II) 
and Pb(II) ions onto the fern leaf powder is 
illustrated in Figure 1. As shown, the 
adsorption capacity of Cd(II) and Pb(II) 
increases with increasing pH of the solution, 
and reaches the maximum value at pH 5.5.  
The change of the adsorption capacity at 
different pH values can be explained 
thecompetition of hydrogen ion for 
adsorption sites on the adsorbent surface. 
Also, the pHzpc of the fern leaf powder 
shown in Figure 2 provides a favorable 
condition for the adsorption process of 
metals on its surface. The pHzpc value of 
absorbent was found to be at 7.8 (plot of pH 
not shown). At pH less than pHzpc, the 
absorbent surface becomes positively charge 
due to the adsorption of cations such as H+,  
Pb2+, and Cd2+. In contrast, at pH greater 
than pHzpc, the concentration of anion OH- 
increases, leading to the surface of absorbent 
becomes negatively charged. Further, 
because   both Pb(II) and Cd(II) ions are 
mainly in the simple cationspecies as Pb2+ 
and Cd2+at pH ≤ 6, they are strongly 
attracted by available active sites on the 
adsorbent surface. Thus, pH and metal 
species in the solution hold important roles 
in the adsorption process. At pH greater or 
equal 7, Pb (II) and Cd(II) ions begin to 
precipitate in the form of Pb(OH)2 

 
Figure 1. Effect of pH on the adsorption of 

Cd(II) and Pb(II)  

and Cd(OH)2, respectively. This leads to an 
increase in the removal efficiency by the 

370 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

combination of precipitation- adsorption on 
the adsorbent surface. In order to avoid the 
precipitate lead and cadmium hydroxyl 
forms in further experiments, pH 5.5 was 
selected.  

3.2 Adsorption kinetic 
The results of study of contact time effect 
on the adsorption of Pb(II) and Cd(II) by 
the fern leaf powder are shown in Figure 2. 
As shown in the results, the adsorption rate 
of Cd(II) and Pb(II) ions occurred quickly 
in the initial stage, then slowed down and 
reached the plateau after 120 min for Pb(II) 
and 150 min for Cd(II). This adsorption 
behavior of these metal ions could be 
explained by using the number of available 
of active sites on the surface of adsorbent. 
During the early stage of the adsorption 
reaction, all active sites are available, 
facilitating the quickly reduction of the 
metal ion concentration in the liquid phase. 
The reaction rate later decreases as the 

number of adsorbent active sites are 
reduced, leading to the equilibrium 
adsorption of metal ions between the liquid 
and solid phases. From results obtained, 
120 min and 150 min of adsorption time 
was sufficient to achieve the equilibrium 
condition for the Pb(II) and Cd(II) ions 
adsorption onto mistletoe absorbent, 
respectively. These contact times were 
applied for subsequent experiments.   
The linear plots for the pseudo-second order 
model [9]for Pb(II) and Cd(II) initial 
concentrations of  30 mg/L are shown in 
Figure 3. The parameters obtained for this 
model are shown in Table 1. The 
correlation coefficients of this model for 
Cd(II) and Pb(II) areclose to 1. In addition, 
the equilibrium adsorption capacity value, 
qe, cal, predicted from the pseudo-second 
order modelis in good agreement with those 
observed from the experiment. 

 
Figure 2. Effect of contact time on adsorption of Pb(II) and Cd(II)    

 
Figure 3. Pseudo-second order model for Cd(II) and Pb(II) 
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Table 1. Kinetic parameters of lead(II) and 

Cd(II) adsorption processes 
Metal 
ions 

Pseudo-second-order model 

2
2

1

t e e

t t
q k q q
= +  

 k2 qe,exp. qe,cal. R2 
Cd(II) 0.001 14.6 14.3 0.999 
Pb(II) 0.021 13.7 13.7 0.996 

3.3 Adsorption isotherms 
The plots of the non-linear isotherm 
Langmuir model and Freundlich model [10] 

for adsorption process of Cd(II) and  Pb(II)  
adsorption process at 303K are presented in 
Figures 4 and  5, respectively. Calculated 
parameters of Langmuir and Freundlichare 
presented in Table2. 

As shown, the RMSE values [11] obtained 
from all isotherm models suggest that the 
experimental data fitted isotherm models 
but the best fit is obtained with Langmuir, 
indicating the adsorption of both metals is 
in the homogenous surface and monolayer 
conditions. 

 
Figure 4. Non-linear plots of isotherm models for the adsorption of Cd(II)  

 
Figure 5. Non-linear plots of isotherm models for adsorption of Pb(II)  

Table 2. Paramaters of Langmuire and Freundlich models for adsorption of Cd(II) and Pb(II) 

Adsorption isotherm Parameters 
 Pb(II) Cd(II) 

Langmuir 

)1(
max

eL

eL
e CK

CKQq
+

=  

KL (l/mg) 0.140 0.323 
Qmax 
(mg/g) 
RMSE 
 

59.76 
1.945 

 

44.8 
1.71 

 

Freundlich KF (mg/g) 15.6 16.85 
n 3.389 4.59 

0

20

40

60

80

0 20 40 60 80 100

q e
 (m

g/
g)

 

Ce (mg/l) 

Exp. data Langmuir model Freundlich model

0

10

20

30

40

50
60

0 50 100 150

q e
 (m

g/
g)

 

Ce (mg/l) 

Exp. data Langmuir model Freundlich model

372 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

n
eFe CKq /1=  RMSE 6.936 5.778 

4. CONCLUSIONS 
This study shows that absorbent material 
produced from fern leaf powder is an 
effective adsorbent for Pb(II) and Cd(II) ions 
in aqueous solutions. The optimaladsorption 
condition is at pH 5.5, and the equilibrium 
adsorption reached at 120 min and 150 min 

of contact time for Pb(II) and for Cd(II), 
respectively. The adsorption kinetic for both 
metal ions, Pb(II) and Cd(II), is found to 
follow the pseudo-second order model. 
Among the two-parameter isotherm models, 
the Langmuir model is found to well 
describe the experimental data for both 
Cd(II) and Pb(II).  
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ABSTRACT 
The sterilization of dentures is important because of cleanness, health and aesthetics. Disadvantages of the current 
sterilization systems are environmental pollution, erosion and heath effect due to using chemical method, UV light 
and ultrasonic wave. In this study, the plasma jet system at atmospheric pressure was used to solve above 
disadvantages. The plasma jet was sprayed on the dentures and sterilizing E.Coli bacteria efficiency was studied. 
The sterilization efficiency is evaluated based on the comparison of the number of E.Coli bacteria on treated and 
untreated dentures sample. Input parameters such as applied voltage, applied current, gas flow rate, treatment time 
were used to analyze. The results show that the sterilization efficiency is about 99% at optimal energy with 100V, 
1A, 5 l/min Argon gas and treatment time 40 second. The most important factor affect to sterilization efficiency is 
treatment time. The results provide that cold plasma at atmospheric pressure system can sterilize dentures. 

Keywords: Sterilization, Plasma, Atmospheric Pressure, E.Coli Bacteria and Dentures. 
 

1. INTRODUCTION  
The dentures are popular part in the modern 
life. The dentures need to be completely 
sterilized due to touching with oral mucosa 
or direct implantation in the jaw-bone. 
Unlike medical devices, dentures are made 
from a variety of materials and have small 
size. Therefore, sterilizing dentures is too 
difficult and low efficiency because of using 
chemical, high temperature, UV light, 
radiation methods [1]. For sterilizing by 
chemical method, the steps of sterilization 
denture are; firstly, cleaning the surface of 
the dentures by a brush and cream and then 
soaking them in chemical solution such as 
Sodium Hypochlorite, Polident, Efferdent or 
EtO gas in a few tens of minutes to several 
hours. However, dentures used for a long 
time will be reduced acid-resistant layer and 
enamel. Moreover, the treatment time and 
treatment temperature are very long and 
high. On the other hand, UV light cannot 
completely treat denture with slots and deep 
grooves. Alternatively, the radiation 
sterilization is limited to use because of 
economic reasons and special-use permit. 

In this paper, plasma at atmospheric 
pressure was used to solve above 
disadvantages. This is a new treatment 
method, and only uses electricity without 
using any chemicals, environmental friendly, 
compact system, automatic and simple 
operation, no labor operation, save energy 
and high efficiency. In plasma, including 
electrons, ion, neutral species and UV 
radiation, atmospheric-pressure plasmas 
achieve chemical and biochemical reactions 
without adding high temperature. With high 
potential-kinetic energy, the electrons, ions 
in plasma collide and react with atoms and 
molecules in high levels of dissociation, 
excitation and ionization [2, 3]. With these 
properties, cold-plasma at atmospheric 
pressure are applied in many environmental 
and biomedical application such as food 
processing [4] surface cleaning and medical 
instrument sterilization [5-8]. 

In this paper, the sterilized device of cold 
plasma is designed based on atmospheric 
plasma jet. The applied power, treatment 
time, applied current gas flow rate were used 
for study the area effect and sterilization 
effectively.  
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2. EXPERIMENTAL SETUP  
We propose an experimental sterilization 
dentures process that can be performed by 
plasma jet with dielectric barrier discharge 
(DBD) reactor at atmospheric pressure. The 
system consists of a power supply (1), gas 
supplier (2), plasma nozzle (3), petri stand 
(4), and program logic controller (5) as 
shown in Fig. 1.  

 

(a) 

    
 

(b)                (c) 

Figure 1. Sterilizing dentures process by 
plasma technology (a) plasma a module reactor 

(b) and real plasma treatment module (c) 

The dentures are placed on the Petri disk 
which connected to Petri stand (4) and 
moved on the plat by petri stand (4) and 
controller (5). Plasma nozzle is placed on the 
dentures and flows plasma to the dentures. 
Plasma is generated in the nozzle by 
connecting with Argon gas supplier (2) and 
power supply (1) at high voltage from 
10-40kV and high frequency from 
20-75KHz. The program logic controller (5) 
manages the completely automatic process 
of system. The plasma nozzle (3) is 
constructed by cylindrical dielectric inside 

thin cylindrical aluminum electrode as 
shown in Fig.1(b). The outer electrode, 
connected to ground, is 26mm in-diameter, 
0.25mm thickness and 60mm long wrapped 
around the dielectric. The dielectric barrier 
discharge is Quartz tube 25 [mm] 
in-diameter, 2.5mm thickness and 300mm 
long. The inter electrode, connected to high 
power, is 0.2mm diameter wolfram rod, 
placed in the centre of reactor. The gases 
used are argon with reconstituted air (Purity 
> 99.9%). The flow rate of gases was fixed to 
5-7l/min. Figure 2 shows the real automated 
system using for sterilization dentures.  

Four input parameters, each parameters was 
experimented in two times, applied power, 
treatment time, applied current and gas flow 
rate were used for study the area effect on 
Petri disk. Ingeneral, the highets denture 
diameter is 14mm. Therefore, expectation 
treated area is 15mm which is higher than 
the denture diameter. Which optimal input 
parameters for largest treated area; eight 
treated dentures and four sample dentures 
was used to study treatment efficiency. In 
each time, two dentures were placed on 
clean Petri disk under plasma nozzle. Each 
sample dentures was preserved in a clean 
bottle as a control sample. Before treating, 
the composite dentures liked human teeth 
were cleaned by toothpaste with brush, 
soaked in alcohol 90˚ in 5 minutes, and then 
rinsed distilled water. After that, the 
dentures were put into a bacteria solution 
with concentration 9.109 bacteria/ml in 5 
minutes at 5-10˚C for making dentures was 
infected by E.Coli. 

After plasma treating, each of the dentures 
was put in a clean bottle with distilled water 
(10ml for treated dentures and 1000ml for the 
control sample). The bottle is swirled in 5 
minutes to spread bacteria on surface of the 
dentures over the bottle. 1ml from the bottle 
was taken and spread on agar Petri. The 
sterilization denture efficiency was analyzed 
after 24 hours. The formula of sterilization 
denture efficiency (H) is calculated by 
“H=(CFU of control sample - CFU of treated 
sample)/(CFU of control) x100%”. 
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Figure 2. Automated dentures sterilization 

system 

3. RESULTS AND DISCUSSION  
3.1 Dependence of treated area on 

applied current 

 
Figure. 3: Applied current effect 

Figure 3 shows the dependence of treated 
area on applied current with applied voltage, 
treatment velocity and gas flow rate are 
100V, 400mm/min and 7l/m, respectively. 
The results show that when applied voltage 
is smaller than 1.5A, the treated area is 
smaller than 15mm. The result is due to the 
generated low-energy plasma bunches. 
When applied current increased from 1.5A 
to 2.5A, the treated area was nearly constant 
15mm. The results show that the applied 
current is not effect to treated efficiency. 
However, plasma discharges at high-energy 
plasma bunches is necessary for treatment. 
To optimal treating efficiency, the applied 
current is chosen at 2A. 

3.2 Dependence of treated area on 
appied voltage 

 
Figure 4. Applied voltage effect 

Figure 4 shows the dependence of treated 
area on applied voltage with applied current, 
treatment velocity and gas flow rate are 2A, 
400mm/min and 7l/m, respectively. When 
applied voltage increased from 60V to 120V, 
the treated area was nearly constant 15mm. 
The results show that the applied voltage is 
not effect to treated efficiency. However, 
plasma discharges at high-energy plasma 
bunches is necessary for treatment. To 
optimal treating efficiency, the applied 
voltage is chosen at 100V. 

3.3 Dependence of treated area on 
treatment velocity 

 
Figure 5. Treatment velocity effect 

Figure 5 shows the treated area on treatment 
velocity with applied voltage, applied 
current and gas flow rate are 100V, 2A and 
7l/m, respectively. The results show that 
when treatment velocity increased, the 
treated area was decreased. In the detail, 
when treatment velocity increased from 
200mm/min to 700mm/min the treated area 
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was decreased 25%, from 20mm to 15mm. 
When treatment velocity increased to 
1000mm/min, the treated area was 
decreased down to 10mm. In conclusion, the 
treatment velocity is strongly effect to 
treated efficiency. To optimal treating 
efficiency, the treatment velocity is chosen 
at 400mm/min. 

3.4 Dependence of treated area on gas 
flow rate 

 
Figure 6. Argon flow rate effect 

Figure 6 shows the dependence of treated 
area on gas flow rate with applied current, 
treatment velocity and applied voltage are 
2A, 400mm/min and 100V, respectively. 
When gas flow rate increased from 4l/min to 
10l/min, the treated area was nearly constant 
15mm. The results show that the gas low 
rate is not effect to treated efficiency. To 
optimal treating efficiency, the gas flow rate 
is chosen at 5-7l/min. 

3.5 Dependence of aterilizing dentures 
efficiency (H) on plasma 

Table 1. Plasma sterilizing efficiency; The 
control sample (a). Treatment time (b), Treated 
sample 1 (c), Treated sample 2 (d), Sterilization 

efficiency (e) 

 a 
CFU 
×104 

b min c 
CFU 

d CFU e (%) 

Ex. 1 3.7 2 40 30 99.90 

Ex. 2 5.6 2 10 10 99.98 

Ex. 3 12.8 2 100 60 99.98 

Ex. 2 645 2/3 2540 0 99.94 

 

Figure 7. Bacteria E.Coli sterilization results 

Figure 7 shows the result of environmental 
sterilizing dentures treatment by cold 
plasma at atmospheric pressure. In the first 
three experiments, two dentures were treated 
in 2 minutes for each experiment. The 
results show that the bacteria E.Coli on 
dentures was reduced a 3-log. The results are 
the same for first three experiments as 
shown in Table 1. In the last experiment, 
treatment time is 40 second. The number of 
surviving bacteria of treated sample № 1 
was 2.54.103 CFU. However, the number of 
surviving bacteria of treated sample № 2 
was 0 CFU. It is accounted that the treatment 
time is so fast to kill the bacteria located in 
the root canal of denture. In conclusion, the 
treatment efficiency of dentures achieve to 
99.9%. The number of E.Coli berefor 
treating, control sample (a) and after treating 
with treated sample 1 and   treated sample 
2 were shown in Fig. 8. 

 
        (a)         (b)          (c) 

Figure 8. Number of E.Coli before (a) and 
after treating with treated sample 1 and treated 

sample 2  

4. CONCLUSION 
In this study, a automated environmental 
sterilizing dentures by cold plasma at 
atmospheric pressure with treatment time 40 
seconds was succeeded in designing, 
manufacturing and testing. With plasma at 
atmospheric pressure, the system is compact, 
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simple operation, automated, not chemical, 
low cost and high efficiency. From 
experiment, it is understood that applied 
voltage, applied current, and gas flow rate 
not affect to the treatment effectiveness. 
However, the input parameters should 
choose for generated high enough energy 
plasma bunches to sterilize the dentures. To 
optimize the final product, the applied 
voltage, applied current, treatment time and 
gas flow rate were 100V, 1.5A, 40s and 
5l/min and the treatment efficiency is about 
99.9%. With these advantages above, 
sterilizing dentures by plasma technology 

promises to be one of the advanced methods 
in the future. 
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ABSTRACT 
Water hyacinth (Eichhorniacrassipes) is a noxious weed that has attracted worldwide attention due to its fast 
spread and congested growth leading to serious problems in navigation, irrigation and power generation. Despite 
these problems, water hyacinth appears to be a valuable energy resource because it possesses several unique 
properties. The present work is to investigate the effects of CO2 pressure, temperature,and pretreatment time in 
the pressurized CO2 pretreatment of water hyacinth on the compositions of pretreated solid. After the 
subsequently enzymatic hydrolysis, glucose can be yielded that can be further used for production of ethanol 
from fermentation. The maximum glucose recovery after 72h enzymatic hydrolysis from the sample pretreated 
with pressurized CO2 at 6.2 MPa,393 K and 45 min was of 75.8%, which was much higher than that of 
theuntreated sample as 21.7%. The obtained results indicate that pressurized CO2 pretreatment can effectively 
improve the enzymatic hydrolysis, therefore it is recommended to be applied to water hyacinth. 

Keywords: water hyacinth, pressurized CO2, biomass pretreatment, enzymatic hydrolysis. 

 

1. INTRODUCTION 
Inevitable depletion of global energy has 
generated strong interest in the 
development of more sustainable 
transportation fuels and renewable 
carbon-based raw materials, such as those 
produced from biomass [1]. Biomasses are 
processed for bioethanol production 
through three major operations: 
pretreatment for delignification to liberate 
cellulose and hemicellulose before 
hydrolysis; hydrolysis of cellulose and 
hemicellulose to produce fermentable 
sugars and fermentation of reducing sugars. 

Among various types of lignocellulosic 
biomass, water hyacinth 
(Eichhorniacrassipes) is a potential 
resource available in many tropical regions 
of the world. It is considered as a noxious 
weed in many parts of the world as it grows 
very fast and depletes nutrient and oxygen 
rapidly from water bodies, adversely 
affecting flora and fauna. Moreover, due to 
high evapotranspiration it adds to water 
crisis all over the places where it grows 
[2].Water hyacinth grows extremely rapidly 

and produces almost 2 tons of biomass per 
acre and population doubles every 5-15 
days.Water hyacinth mainly removed by 
three methods: hand cutting/pulling, 
mechanical removal and biological control. 

Mechanical removal of this water plant 
does not completely solve the problem 
since it grows again and the removed plant 
if kept on the ground will cause pollution. 
Mechanical removal helps lowerthe plant 
population while providing a simple and 
low-cost process that is suitable to the 
developing countries; where the cellulose 
portions of the herbs are hydrolyzed by 
enzymes into glucose sugar that are 
fermented to bioethanol [2]. Also aquatic 
biomass has added advantage of not being a 
competition to food crops for arable land 
resources. Effectively technologies for 
ethanol production from water hyacinth 
biomass can serve the purpose of weed 
removal as well as generation of 
employment and income in rural areas. 

The abundant cellulose in water hyacinth 
could be hydrolyzed to glucose by enzyme 
for subsequent ethanolic fermentation. The 
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coexistence of hemicellulose and lignin with 
cellulose make the enzymatic hydrolysis of 
cellulose difficult and recalcitrance. And a 
pretreatment process is essentially required 
to break it down. Among the pretreatment 
and hydrolysis technologies, acid treatment, 
steam explosion and enzymatic hydrolysis, 
have been extensively developed over the 
last few years.  

As a consequence, new methods that are 
less toxic with low-cost are still being 
actively pursued.Supercritical CO2 (scCO2) 
which has been mostly used as an 
extraction solvent, is being considered for 
pretreatment process due to its attractive 
properties such as nontoxicity, ready 
availability, and lowcost. Furthermore, CO2 
has low critical temperature (31.1oC) and 
pressure (7.36 MPa), and can form weak 
acid catalyst with water, which helps 
degrade cellulose or/and lignin, increase the 
accessible surface area of lignocellulose, 
and improve biomass digestibility at 
enzymatic hydrolysis stage. 

There are some researches on pretreatment 
of lignocellulosic biomass by scCO2, for 
examples, aspen wood (hardwood) and 
southern yellow pine (softwood) were 
pretreated by scCO2with various moisture 
contents of lignocellulose. The optimum 
pressure, temperature and retention time 
were obtained [4]. Narayanaswamy et al. [3] 
investigated that the largest glucose yield 
reached 30 g/100 g dry corn stover during 
enzymatic hydrolysis after scCO2 
pretreatmentat 24.1 MPa and 150oC for 60 
min. When the lignocellulosic materials 
were treated with scCO2, the capabilities of 
cellulose hydrolysis were enhanced as well. 
Compared with scCO2 pretreatment, the 
demand of equipment to the pressurized 
CO2 process is easy to realize, and the 
improved glucose yield from water 
hyacinth with pressurized CO2 pretreatment 
(< 7.36 MPa) has yet not been reported. 

In this study, pressurized CO2 pretreatment 
of water hyacinth is proposed to improve 
glucose yield during enzymatic hydrolysis. 
The compositions of pretreated biomass 

under various pretreatment conditions 
including CO2 pressure, pretreatment time 
and temperature were investigated first. 
After the pretreatment, enzymatic 
hydrolysis in various operation period of 
time was carried out to assess the efficiency 
of pressurized CO2 pretreatment process. 

2. MATERIALS AND METHODS 

2.1 Materials 
Fresh water hyacinth with long stem was 
used in this study. Before use, water 
hyacinth was washed thoroughly several 
times with tap water to remove adhering 
dirt, and then dried by sun light for 10-12h, 
and finally chopped into small pieces (2-2.5 
cm), ground to small particles (3-4 mm). 
The dried materials were then stored at 
room temperature. 

2.2 Pressurized CO2 pretreatment 
The pretreatments were performed at 
various pressures of CO 2 (0 - 7.5 MPa), 
temperatures (353 - 413 K), and retention 
times (30 - 75 min). The experiments were 
carried out using 3 g of water hyacinth with 
a moisture content of 80% which was 
placed inside a 250 ml stainless steel 
reactor vessel. Then a certain amount of 
CO2 was loaded into reactor to reach the 
desired pressure though a pressure regulator. 
After water hyacinth had been subjected to 
the desired temperature for a specific time, 
the pressure was released instantaneously 
using a quick release ball valve. The 
obtained solid was washed with deionized 
water to extract the decomposition 
component. Then the pretreated sample was 
stored in refrigerator for further enzymatic 
hydrolysis. 

2.3 Enzymatic hydrolysis 
The pretreated samples were enzymatically 
hydrolyzed using cellulase (CTec-2) with a 
loading of 15 filter paper units per gram of 
cellulose. This process was conducted using 
a 5.0% (w/v) pretreated sample in citrate 
buffer solution (pH 4.8) under stirring at 323 
K for 72h. The enzymatically 
hydrolyzedsample was taken and analyzed 
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by removing 0.5 ml aliquot in 24h intervals 
during the 72h experimental period. All 
hydrolysis experiments were performed in 
duplicate and the results were averaged. 
Glucose recovery (%, weight/weight - w/w) 
was calculated by the amount of glucose 
produced multiplied by 0.9 (the conversion 
factor of glucose into cellulose) divided by 
the amount of cellulose in pretreated sample. 

2.4 Analysis methods 
The chemical composition of water 
hyacinth and pretreated solids were 
determined using the standard techniques 
provided by National Renewable Energies 
Laboratory in USA. The hydrolysate 
compositions after enzymatic hydrolysis 
were determined by high performance 
liquid chromatography (HPLC). The HPLC 
system consisted of a TransgenomicICSep 
ICE-COREGEL 87H3 column and a 
refractive index detector. The mobile phase 
used was 5mM sulfuric acid with a flow 
rate of 0.6 ml/min at 338 K. Prior to HPLC 
injection, all samples were centrifuged for 
10 min and filtered through 0.22 µm 
syringe filters. 

The surface morphology of the pretreated 
samples was characterized with a 
JSM-5600 (JEOL, Japan) scanning electron 
microscopy (SEM). In SEM observation, 
the pretreated samples were adhered on a 
carbon tape and coated with a thin layer of 
gold before measurement. 

3. RESULTS AND DISSCUSSIONS 
3.1 Effecton pretreated composition 
As the recalcitrant structure of 
lignocellulosic biomass inhibits the enzyme 
hydrolysis, pretreatment should be applied to 
overcome its recalcitrance. In general, 
pretreatment breaks down the linkages 
among three components (cellulose, 
hemicellulose, and lignin) or/and release 
some of them, which makes the cellulose 
more accessibility to enzyme. However, 
cellulose, as the reactant of subsequent 
enzymatic hydrolysis, is required to be 
preserved and enhanced as much as possible 
after pretreatment. Therefore, it is necessary 
to investigate the effects of pressurized CO2 
pretreatment on composition of pretreated 
biomass. So the compositions of water 
hyacinth after different pretreatments are 
summarized in Table 1. 

Table 1. Compositions of untreated and pretreated water hyacinth at various pressurized CO2 
pretreatment conditions 

CO2 pressure 
(MPa) 

Temperature 
(K) 

Retention time 
(min) 

Cellulose 
(%) 

Hemicellulose 
(%) 

Lignin 
(%) 

Untreated water hyacinth 34.1 12.2 11.4 
0 393 45 40.4 12.1 13.2 
3.4   46.6 10.9 10.6 
4.8   46.9 10.8 8.8 
6.2   47.3 10.5 7.9 
7.5   54.7 10.1 7.2 
6.2 353 45 41.2 11.6 12.5 
 373  46.2 10.9 9.4 
 393  47.3 10.5 7.9 
 413  55.8 9.9 7.5 
6.2 393 30 46.3 10.6 8.6 
  45 47.3 10.5 7.9 
  60 48.3 10.3 7.5 
  75 48.9 10.1 7.2 
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It can be seen from Table 1 that the 
cellulose contents of all pretreated solids 
were higher as compared with the raw 
material (34.1%), ranging from 40.4% to 
55.8%. The results indicate that some 
constituents in the feedstock were removed 
because of the weak acid conditions formed 
by dissolution of pressurized CO2 into 
water during the pretreatment. Moreover, 
the weak carbonic acid corresponded to the 
slightly decrease of the hemicellulose 
content in pretreated samples as compared 
with the raw material (12.2%). 

It was also found that retention time 
exhibited insignificant effect on cellulose 
content at the same pretreatment pressure 
and temperature (6.2 MPa and 393 K). The 
maximum cellulose content (55.8 %) was 
obtained when the pretreatment temperature 
was 413 K. This could be explained by that 
hemicellulose and lignin might solubilize at 
the elevated temperature under neutral 
conditions, as amorphous hemicellulose 
were degraded, cellulose was then covered 
by insoluble lignin, hindering the 
continuous degradation of cellulose in the 
pressurized CO2 pretreatment. 

3.2 Enzymatic hydrolysis 
The enhancement of cellulose content 
during pressurized CO2 pretreatment would 
not necessarily result in a final high glucose 
yield because of the effect of enzymatic 
digestibility. Therefore, the differences in 
the enzymatic hydrolysis of water hyacinth 
pretreated with pressurized CO2 at various 
pretreatment conditions were examined and 
are shown in Figure 1A-C. In Figure 1, the 
enzymatic hydrolysis of raw water hyacinth 
at various hydrolysis times were also 
displayed for comparison purpose. It can be 
seen that the enzymatic digestibility was 
low; the glucose recovery was 21.7% for a 
72h hydrolysis, which agreed to the 
saccharification behavior of eucalyptus 
flour without pretreatment. 
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Figure 1. Effect of pretreatment conditions on 

the enzymatic hydrolysis of water hyacinth 

Figure 1A shows the relationship between 
pretreatment pressure and the glucose 
recovery of enzymatic hydrolysis at 
different hydrolysis times. It can be seen 
that increasing hydrolysis time from 24 to 
72 h led to just a 41.6 - 50.2% increase of 
glucose recovery of pretreated water 
hyacinth without the presence of 
pressurized CO2. The glucose recovery of 
pretreated water hyacinth after 24h and 72h 
enzymatic hydrolysis at 6.2 MPa were 
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1.1-fold and 1.3-fold, respectively, as 
compared with that without the presence of 
pressurized CO2. This increase indicated 
that higher pretreatment pressure increased 
cellulose content in the pretreatment 
process, it also had a positive effect on 
enzymatic hydrolysis, accounted by the fact 
that higher pretreatment pressure could 
result in the more degradation of 
hemicelluloses and the increasing 
accessibility of cellulose [4]. Glucose 
recoveries were reached the values 50.2%, 
56.8%, 60.4%, 65.4% and 66.2% in a 72h 
enzymatic hydrolysis corresponding to the 
pretreatment pressures 0, 3.4, 4.8, 6.2, and 
7.5 MPa, respectively. From the results, it is 
known that glucose recovery was increased 
when the pretreatment pressure was raised 
from 0 to 6.2 MPa; however, a little 
increment at 7.5 MPa. The results 
demonstrated that pretreatment pressure 
played an active role in improving glucose 
recovery of enzymatic hydrolysis; this 
behavior was also observed by Zheng et al. 
[5]. Therefore, a pressure of 6.2 MPa was 
considered more appropriate for 
pretreatment of water hyacinth. 
The effects of pressurized CO2 
pretreatment temperature on enzymatic 
hydrolysis of water hyacinth are shown in 
Figure 1B. It can be seen that the glucose 
recovery increased gradually as the 
pretreatment temperature increased from 
353 to 413 K. After 72h enzymatic 
hydrolysis, the glucose recovery reached 
33.8% at relative low pretreated 
temperature 353 K. When the temperature 
increased to 393 K, the glucose recovery 
increased sharply to 65.4%, which was 
2.1-fold as great as that at 353 K. As the 
pretreatment temperature kept increasing, 
the glucose recovery increased gradually, 
and 75.8% of glucose recovery could be 
obtained at 413 K, representing 30.7 g 
glucose based on 100 g raw water hyacinth. 
Thus, pretreatment temperature is one of 
the most important factors increasing the 
enzymatic hydrolysis efficiency of water 
hyacinth. This observation could then lead 
to a conclusion as that due to more 

hemicellulose was removed at higher 
pretreatment temperatures (more severe 
pretreatment conditions), more cellulose 
could be exposed to the cellulase. Higher 
temperature could improve glucose 
recovery, however, higher temperature led 
to the higher consumption of energy and the 
formation of inhibitors for fermentation 
such as furfural and hydroxymethyl 
-furfural. 
Figure 1B also shows a comparison of 
enzymatic hydrolysis between pressurized 
CO2 (6.2MPa) and supercritical CO2 
(8.0MPa) pretreatment of water hyacinth at 
constant temperature (413 K) and time 
(45min). After 24h enzymatic hydrolysis, 
the glucose recovery reached 63.2% and 
65.4%, respectively. As the enzymatic 
hydrolysis time prolonged, the glucose 
recovery increased gradually. About 75.8% 
(pressurized CO2) and 77.4% (supercritical 
CO2 pretreatment) of glucose could be 
obtained after 72 h enzymatic hydrolysis 
time. The results indicated that increasing 
CO2 pressure from 6.2 MPa (pressurized 
state) to 8.0 MPa (supercritical state) 
improved glucose recovery by only 1.6%, 
indicating that pressurized CO2 
pretreatment of water hyacinth was 
effective enough to obtain glucose in 
enzymatic hydrolysis. 

Figure 1C illustrates the relationship 
between the pretreatment time and glucose 
recovery of pretreatment water hyacinth 
from 24h and 72h of enzymatic hydrolysis. 
Pretreatment was carried out for various 
operation times at constant pressure (6.2 
MPa), temperature (393 K) and relative 
moisture of 80%. After 72h hydrolysis, the 
glucose recovery for 30min pretreatment 
was 50.3%, whereas the glucose recoveries 
for 45 and 60min pretreatments were 65.4% 
and 68.7%, respectively. Thus, pretreatment 
time increasing from 45 to 60min did not 
lead to significantly affect glucose recovery. 
However, further increasing the 
pretreatment time led to a improvement of 
glucose recovery. 75min pretreatment time 
resulted in a 74.7% of glucose recovery, 
which is considerably higher than 45min 
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pretreatment (65.4%). This trend suggests 
the longer pretreatment time, the easier 
accessibility of enzyme to cellulose and the 
higher glucose recovery. Hence, 75min is 
regarded as the relatively favorable 
pretreatment period. It is noted here that 
very long pretreatment time may cause 
degradation of cellulose and more energy 
consumption, thus is not suggested. 

3.3 Surface characteristics 

  
A. Untreated Water hyacinth 

  
B. Pretreated Water hyacinth 

Figure 2. SEM images for untreated and 
pretreated water hyacinth 

To study the surface morphologic changes 
of raw material after pretreatment at 
pretreatment conditions of 6.2 MPa, 393 K 
and 45min, SEM images were taken as 
shown in Figure 2. Figure 2A shows a 
fibrillar, intact morphology and smooth 
structure without any cracks and fragments 
in the untreated water hyacinth. Pressurized 
CO2 pretreatment resulted in defibration of 

many ground fibers (Figure 2B), together 
with considerable surface roughness and 
numerous cracks on the surface. The 
destruction of the water hyacinth structure 
shown in these images may be attributed to 
the preferential degradation of the labile 
components such as hemicellulose and acid 
soluble lignin. This pretreatment can be 
regarded as a favorable method as it helps 
remove hemicellulose and disrupt the water 
hyacinth structure which allows greater 
accessibility for the cellulose enzymes. 

4. CONCLUSION 
The pressurized CO2 pretreatment of water 
hyacinth was found to enhance enzymatic 
hydrolysis considerably. The glucose 
recovery was increased with increasing 
pressure and temperature. The pretreatment 
at 6.2 MPa CO2, 393 K, and 45 min resulted 
in 30.7 g glucose per 100 g raw material 
after 72 h hydrolysis time, representing 
75.8% of glucose recovery from water 
hyacinth. The SEM images showed 
considerably numerous cracks and fragments 
in the pretreated material with prior 
disrupting and swelling compared with 
untreated water hyacinth. The pressurized 
CO2 was found successfully applied to water 
hyacinth to improve the glucose recovery 
during enzymatic hydrolysis. 
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ABSTRACT  
In this study, the new catalysts based on CuO-ZnO-CeO2 were developed for methanol synthesis from H2/CO2 
mixture at low pressure. The catalysts were prepared either by the deposition of CuO-ZnO over CeO2 (CZ/Ce) 
or by co-precipitation of Cu, Zn and Ce (CZ-Ce). In order to have a better understanding of the role of cerium, 
CuO-ZnO/Al2O3, and CeO2 samples were also prepared. Samples were evaluated by CO2 conversion to 
methanol reaction at 5 bar, 280°C. In addition, the catalysts were characterized by XRD, N2 adsorption, TPR-H2 
and SEM-EDX. The methanol productivity of CZ/Ce catalyst is better than CZ-Ce but its methanol selectivity is 
lower. It was then clearly demonstrated that the activity of CZ/Ce in methanol synthesis is three times as much 
as traditional CuO-ZnO/Al2O3 catalyst. Furthermore, the methanol selectivity of the new catalyst is also higher 
than that of CuO-ZnO-Al2O3. The Cu-Ce interaction (revealed by TPR-H2) seems to be the active site for 
methanol synthesis from H2/CO2 mixture.  

Keywords: CeO2, CO2 hydrogenation, methanol synthesis, CuO-ZnO/Al2O3, TPR-H2. 
 

1. INTRODUCTION 
Over the past few decades, the study of 
CO2 conversion to methanol has become an 
area of focus. It is obvious that a major 
benefit associated with this breakthrough is 
the opportunity of addressing some pinning 
problems derived from environmental 
pollution, the verge of fossil fuel, stability 
development [1]. In fact, CuO-ZnO/Al2O3 
is considered as a conventional catalyst for 
the CO2 conversion to methanol [2, 3]. 
Unfortunately, its yield is insufficient for 
wide development in industrial scale. One 
of the most oppressive barrier of the mass-
application of this process is the presence of 
H2O. More often than not, H2O generated 
from reaction adsorbs on active sites, 
preventing the interaction between catalyst 
and the feed gas. Furthermore, H2O also 
proceed the hydrothermal, making the 
active sites sinter from one another. 
Besides, CO could be produced throughout 
the Reverse Water Gas Shift reaction: CO2 
+ H2 ⇔ CO + H2O (1).  

In this study, we investigated a new catalyst 
system using ceria. It was reported that 
oxide of cerium (CeO2) favor the Water 

Gas Shift reaction seeing that its ability to 
undergo rapid reduction/oxidation cycles 
[4-6]. Catalysts based on CuO-ZnO-CeO2 
were developed for methanol synthesis 
from H2/CO2 mixture at low pressure. The 
procedure of catalyst preparation as well as 
the role of ceria on CO2 to methanol 
reaction was also studied. 

2. EXPERIMENT 
2.1 Catalyst preparation  
In this study, Cu-Zn-CeO2 catalysts were 
synthesized by two different procedures. In 
the first procedure, Cu-Zn was co-
precipitated on CeO2. CeO2 derived from 
decomposition reaction of Ce(NO3)2 
(Sigma Aldrich, Cas No: 10294-41-4) at 
400°C [10]. Firstly, (NH4)2CO3 
(Guangdong Guang hua Sci-Tech Co, Cas 
No: 10361-29-2) was added drop wise to 
Cu(NO3)2 (Merck, Cas No: 10031-43-3), 
Zn(NO3)2 (Merck, Cas No: 19154-63-3) 
solution till the pH reached 7. Then, the 
solution was aging for 30 minutes at 70°C. 
CeO2 was added in the mixer before 
constant stirring for 1 hour and heated at 
90oC. The raw product was then dried at 
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110°C for 12 hours and calcinated at 500°C 
for 6 hours. The catalyst is noted CZ/Ce.  

In the second procedure, the co-
precipitation of Cu, Zn and Ce was 
employed. Appropriate quantities of 
aqueous solution of Cu(NO3)2.3H2O 
(Merck, Cas No: 10031-43-3), 
Zn(NO3)2.4H2O (Merck, Cas No: 19154-
63-3)  and Ce(NO3)2 (Sigma Aldrich, Cas 
No: 10294-41-4) were stirred in a 250 ml 
becher, (NH4)2CO3 (Guangdong Guang 
hua Sci-Tech Co, Cas No: 10361-29-2) was 
trickled into this solution to provoke the 
precipitation. During the precipitation, it 
was heated at 70oC under constant stirring 
and maintaining stable the pH somewhere 
in the vicinity of 7. Subsequently, this 
solution was aged for 30 minutes and then 
dried at 110°C for 12 hours and finally 
calcinated at 500°C for 6 hours. The 
catalyst is noted as CZ-Ce. 

Besides, CuO-ZnO/Al2O3 catalyst was also 
prepared as same as the procedure 1. 
However, Al2O3 was replaced totally by 
CeO2. 

Table 1. Composition of catalysts 

Oxide content (wt. %) 
Catalyst 

CuO ZnO Al2O3 CeO2 

30 30 40 - CZ/Al 

30 30 - 40 CZ/Cea 

30 30 - 40 CZ-Ceb 

- - - 100 CeO2 

Note: a: sample prepared by the 1st procedure; 
b: sample prepared by the 2nd procedure. 

2.2 Catalyst characterizations 
Nitrogen adsorption were performed on a 
TRISTAR Micromeritics at -196 °C. Prior 
to measurements, the samples were 
degassed at 260 °C in nitrogen atmosphere 
for 4 h. Surface areas were calculated by 
the BET method, the pore volume (Vp) was 
determined by nitrogen adsorption at a 
relative pressure of 0.98, and pore size 
distributions were determined from the 

desorption isotherms by the BJH (Barrett-
Joyner-Halenda) method. 

X-ray  diffractograms (XRD) were recorded 
on a Bruker AXS D8, using Cu Kα 
radiation from 20o to 80 o (2θ) at 40 kV and 
40 mA. Crystallite sizes of CuO were 
studied using X’pert HighScore Plus, via 
Rietveld refinement analysis [11]. 

ALTAMIRA AMI-200 with a TCD detector 
was used for temperature program reduction 
(TPR) test. In the TPR experiments, the 
samples were pretreated in situ at 400 °C for 
30 minutes and cooled down in an Ar stream 
(25 mL/min). The reduction step was 
performed with an Ar/H2 mixture (90/10 
mol/mol and 30 mL/min), with a heating rate 
of 10 °C/min, up to 1000 °C.  

Scanning electron microscopy (SEM) 
images were obtained using EVO MA10/ 
Carl Zeiss, equipped with an energy-
dispersive X-ray detector (EDX). 

2.3 Methanol synthesis measurement  
Evaluation of catalytic activity was 
conducted in a fixed bed reactor set up as 
laboratory scale. The reaction was carried 
out at 280°C, 5atm, H2/CO2=3/1 (total flow 
rate 9L/min). The outlet gas contained CH4, 
CH3OH, DME as well as H2, CO, CO2 
were analyzed by GC with an Agilent 
Technologies GC-6890 Plus and an Agilent 
Technologies GC-7890 Plus, respectively. 
Catalytic activity was evaluated through 
methanol yield MTY (gmethanol.Kgcat

-1. h-1) 
and methanol selectivity. 

3. RESULTS AND DISCUSSION 
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Figure 1. XRD diffractograms  of catalysts 

(*) CeO2, (+) ZnO, (°) CuO 

The XRD diffractograms of CZ/Ce and CZ-
Ce catalysts are shown in figure 1. The 
main crystallized phases detected by XRD 
are CuO, ZnO, CeO2 . Besides, CuO, ZnO 
were also detected in CZ/Al. It was reported 
that the catalytic conversion, methanol 
selectivity and methanol yield is dependent 
on crystallite size of CuO (dCuO) [13]. 
Based on Rietveld analysis, dCuO in CZ/Al, 
CZ-Ce and CZ/Ce are approximately 27.2, 
34.2 and 32.3 nm, respectively. It is 
attributed to the higher surface area of 
Al2O3 (130 m2/g) compared with that of 
CeO2 (83 m2/g). The crystallite size of 
CeO2 in CZ-Ce and CZ/Ce were about 9.6 
and 9.2 mm, which was smaller than it was 
in CeO2 support (13 mm).  
Table 2. Surface area (SBET) and the crystallite 

sizes of CuO, CeO2 of catalysts 

 dCuO 
(nm) 

dCeO2 
(nm) 

SBET 
(m2/g) 

CZ/Al 27,2 - 66 

CZ/Ce 32,3 9,2 62 

CZ-Ce 34,2 9,6 54 

CeO2 - 13 83 

The B.E.T surface area of catalysts via 
Nitrogen adsorption were also 
demonstrated in Table 2. CZ/Ce has a larger 
B.E.T surface area than CZ-Ce (62 m2/g 
compared to 54 m2/g), illustrating that dCuO 
of the former were smaller than the latter 
because of the higher CuO dispersion 

ability of the former. Similarly, SBET of 
CZ/Al catalyst is higher than CZ/Ce, which 
could probably led to the smaller crystallite 
size of CuO.  

 
Figure 2. Pore size distribution of the catalysts  

Figure 2 demonstrated that the pore width 
of catalysts were approximated 35-40 Å, 
except CeO2 bulk, located around 110 Å. 
The results revealed that Cu as well as Zn 
was likely to be distributed mostly on CeO2 
carrier, which led to the disappearance of 
110 Å pore.  

 
Figure 3. Elemental distribution image (EDX 

mapping) of CZ/Al, magnification: 4000x 
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Figure 4. Elemental distribution image (EDX 
mapping) of CZ/Ce, magnification: 4000x 

The Cu-Zn based catalysts were 
characterized by SEM coupled to an EDX 
analysis. Representative images of the 
CZ/Al (Figure 3) and CZ/Ce (Figure 4) 
show very good proximity between Cu-Zn 
and Al or Ce.  

Catalytic activity for CO2 conversion to 
methanol is presented in Table 3. 
Remarkably, the products of the reaction are 
mainly CH3OH, CO, accompanied by the 
very small amount of CH4 (the selectivity 
less than 1%). Therefore, CH3OH, CO 
selectivity, and MTY were used for 
evaluating catalytic activity (Table 4).  
Table 4. Catalytic activity. Reaction condition: 
280°C; 5 bars; 0.5 g catalyst, GHSV = 18000 

gcat.h-1 

Catalyst 
MTY  

(gCH3OH. 
Kgcat

-1.h-1) 

CH3OH 
Selectivity 

(%) 

CO 
Selectivity 

(%) 

CZ/Al 25.9 12.5 87.5 

CZ-Ce 110.4 71.1 28.4 

CZ/Ce 120.9 65.5 34.1 

CeO2 9.4 99.5 0.0 

It is clearly that the MTY of CZ/Ce and 
CZ-Ce achieved were 4.3-4.7 as much as 
CZ/Al. Also, the methanol selectivity of the 
CZ/Ce and CZ-Ce are dramatically greater 
than that of CZ/Al. This performance do 
not entirely match to the preferential dCuO, 
considered the only active site for this 
reaction, because dCuO in CZ/Al is slightly 
smaller than it is in CZ-Ce and CZ/Ce. This 
incompatibility prove that CuO is not the 
only active sites for this reaction, based on 
cerium catalyst. Table 3 show that ceria is 
also active for CO2 to methanol reaction. 
Remarkably, methanol is the major product 
while CO was hardly ever presented. It is 
self-explanatory that ceria significantly 
performed WGS reaction.  

In order to get the better inside into the role 
of ceria, the relation between time on 
stream and catalytic activity are shown in 
Figure 3. The methanol yield of catalysts 

based on Cu-Zn remain stable while MTY 
of CeO2 was experienced a plunge of 21.0 
(from 30.41 to 9.4) after 5 hours. This result 
revealed that Ce was also an active site for 
reaction but it is easily deactivated. 
Nervertheless, the stable activity of CZ/Ce 
as well as CZ-Ce can be related to some 
interaction Cu-Ce and/or Zn-Ce. 

 

 

 
Figure 5. MTY versus time on stream with 

different catalysts 

Regarding catalyst containing the same 
composition of Cu, Zn, Ce, but synthesized 
by different procedures, deposition 
procedure (MTYCZ/Ce = 120.9) is likely to 
take a higher privilege to co-precipitation 
(MTYCZ-Ce = 110.4). The more favorable 
characterizations of CZ/Ce like BET 
surface area as well as active sites 
dispersion compared to CZ-Ce feasibly 
result in the better catalytic performances. 
In constrast, the methanol selectivity of 
CZ/Ce is slightly slower than CZ-Ce. This 
results can be related to the particle size 
analysis, the bigger dCeO2 of CZ-Ce can 
favor the WGS reaction.  

The interaction between CeO2 and CuO-
ZnO can be further consideration using 
TPR measurements. TPR profiles of CZ/Al, 
CZ/Ce and Cu/Al are reported in Figure 6.  
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Figure 6. TPR profiles of CZ/Ce, Cu/Al, CZ/Al  

According to the literature [14], the CuO 
reduction of bulk CuO have a reduction 
peak at 300oC. In the case of Cu/Al 
catalyst, the reduction peak is shifted to 
lower temperature (270 oC). This is due to 
the better dispersion of CuO on Al2O3 
support. Besides, the addition of ZnO was 
in charge of the higher dispersion of CuO, 
causing the slightly lower reduction 
temperature in case of CZ/Al catalyst. 
Interestingly, in case of CZ/Ce, the 
reducibility of CuO is increasingly high, 
approximately starting at 240oC. That could 
be due to the fact that CeO2 supports the H2 
reduction of dispersed CuO surface species 

[15, 16]. Therefore, TPR profiles of 
catalysts indicated that the addition of CeO2 
could increasingly intensify the reducibility 
of CuO. Hence, there was evidently the 
interaction between CeO2 and CuO.  

 

 

4. CONCLUSION 
In this study, the catalysts based on CuO, 
ZnO, CeO2 have been prepared using two 
different procedures. Cu-Zn/Ce and Cu-Zn-
Ce show a better performance when 
compared to the traditional one, Cu-Zn/Al. 
MTY of Cu-Zn/Ce and Cu-Zn-Ce were 
higher 2.3 – 3 times than Cu-Zn/Al. 
Furthermore, the addition of CeO2 has 
intensified the methanol selectivity and 
decreased the CO generated as well. 
Notwithstanding quick deactivation, CeO2 
was also active for CO2 to methanol 
reaction. The interaction between CuO and 
CeO2 were also clarified using SEM-EDX, 
TPR, and catalytic activity measurments.  
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ABSTRACT 
Swim-bed technology with biofringe has shown positive results in wastewater treatment. For the purpose of 
localization, three types of biofringe made of jute fiber (natural material - MH1), acryl fiber (imported material - 
MH2), and wool fiber (recycled material - MH3) were used in three acrylic reactors with the same work capacity 
of 11.4 liters. These reactors were operated with domestic wastewater in the loadings from 0.5 to 3.0 
kgCOD/m3.day. The results showed that adhesion ability to microorganisms of all three types of biofringe was 
pretty good and treatment efficiencies of organic matter, nitrogen and phosphorus were almost similar. In the 
loadings from 1.0 to 2.5 kgCOD/m3.day, treatment efficiencies of COD of all three reactors reached about 90% 
and output values of COD were within the limit of QCVN 14:2008/BTNMT, column A. In the loading of 1.0 
kgCOD/m3.day, treatment efficiencies of NH4

+-N, TN and TP of three reactors reached about 81 - 87, 58 - 68 
and 25 - 35%, respectively with output values were within the limits of QCVN 14:2008/BTNMT, column B. 
Microorganisms existed in two types: suspended and attached but they were mostly under attached. Total 
biomass concentrations in MH1, MH2, and MH3 reactors were 5.67, 5.21, and 5.08 g/l, respectively at the end of 
the experiment. Adhesion ability to microorganisms of jute fiber, which is natural material was higher than that 
of acryl and wool fiber which are synthetic material. 

Keywords: biofringe, domestic wastewater, swim-bed 

 

1. INTRODUCTION 
Today serious environmental pollution in 
urban areas has been caused mostly by the 
generation of domestic waste, in which 
domestic wastewater has considered to be 
one of the major sources. In 2010, the 
population of Vietnam reached 87,848,000 
people [1]. If every person uses 
approximately 150 - 180 liters of water 
supply per day and domestic wastewater is 
estimated at about 80% of water supply, 
more than 10 million m3 per day of 
domestic wastewater are need to be treated 
in Vietnam. One of the recent trends in 
environmental engineering is the 
combination of two technologies/processes 
into one unit called “hybrid” in order to 
decrease the drawbacks of both and 
increase the advantages of both. Swim-bed 
technology is currently applied in 
wastewater treatment by using a new type 
of media, novel acryl fiber biomass carrier 
called “biofringe”, which is also hybrid 
media including the potential benefits of 

both fixed-bed and fluidized-bed media, 
which allow large amounts of 
microorganisms to attach [2]. There has 
been many researches on swim-bed 
technology for domestic, latex and industry 
wastewater treatment… The results 
indicated that the possibility of removing 
organic matter, nitrogen and phosphorus 
from wastewater by using swim-bed 
technology was high. Nguyen Le et al., 
2012 studied on the application of swim-
bed technology with imported biofringe for 
latex wastewater treatment and reached 94 
g of biomass per 1 m of biofringe. The 
results showed that in the loading of 1.0 
kgCOD/m3.day, efficiency of COD removal 
and nitrification process were over 90 and 
73% [3]. Le Thi Minh Tam, 2011 also 
studied on the application of swim-bed 
technology with imported biofringe for 
centralized industrial wastewater treatment 
in the loadings from 1.0 to 4.0 
kgCOD/m3.day. The results showed that in 
the loading of 3.0 kgCOD/m3.day, 
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efficiencies of COD removal and 
nitrification process was over 91 and 80% 
[4]. However, imported biofringe is from 
Japan so it is charged at high price and it is 
difficult to buy in Vietnam. Hence, 
researching of swim-bed technology for 
domestic wastewater treatment was carried 
out with local biofringe made of jute 
(natural material) and wool (recycled 
material) fiber which meet the technical 
requirements of biomass carrier in the 
condition of Vietnam with a lot of benefits 
such as low price and easy supply. 

2. MATERIALS AND METHODS 
2.1 Wastewater and seed sludge 
Domestic wastewater was extracted from 
the septic tank of Khanh Hoi Apartment, 
District 4, Ho Chi Minh City. After 
removing coarse solids, large materials, 
rock and sand, oil and grease, domestic 
wastewater was held in storage tank and 
pumped into the experimental reactors. 
Seed sludge was taken from the biological 
treatment tank of the wastewater treatment 
plant of VISSAN Limited Company, Ho 
Chi Minh City. Seed sludge, which was red 
brown, well-settled with SVI about 98 and 
MLVSS/MLSS ratio of 0.72, was 
introduced into the experimental reactors 
with TSS concentration of about 2000 - 
3000 mg/l. 

2.2 Experimental swim-bed reactor 
Three acrylic reactors with the same 
composition and dimension had the 
downdraft and updraft sections in a parallel 
upright arrangement, with the cross-
sectional downdraft and updraft areas of 
125 × 125 mm and 125 × 30 mm, 
respectively. Each reactor had clear zones 
of approximately 60 mm at the bottom and 
60 mm at the top and the height from the 
bottom to the top was 640 mm with the 
work capacity of 11.4 liters. Wastewater 
was pumped deeply within the updraft 
section and air was also blown for mixing 
and aerating wastewater in order to 
circulate fully the reactor. For biofringe of 
each reactor, the support filament was 520 

mm in height and each fringe yarn was 100 
mm in width. Reactor No.1 (MH1) 
contained local biofringe made of jute fiber. 
Reactor No.3 (MH3) contained local 
biofringe made of wool fiber. Jute and wool 
material, which is very cheap and light as 
well as available, has porous surface and 
high capacity of dehumidifying and 
attaching, so it could be used to make easily 
biological media with specification and 
dimension identical to imported biofringe. 
Reactor No.2 (MH2) contained imported 
biofringe made of acryl fiber which was 
provided by NET Co., Ltd, Japan. This 
hydrophilic material has a rough texture 
formed by bonding three threads with 
different heat resistance and porosity with 
specific surface area of 0.2 m2/m, allowing 
large amounts of microorganisms to attach. 
Dimension of each reactor was illustrated in 
Figure 1.  

 
Figure 1. Experimental swim-bed reactor. 

2.3 Experimental procedures 
Three reactors were set up at the loading of 
0.3 kgCOD/m3.day. Circulation rate from 
secondary clarifier to aeration tank was 
100%. pH values were kept stably around 
7.0 and DO concentrations were controlled 
from 4 to 6 mg/l. The adaptation stage 
finished when COD removal efficiency 
reached over 80% and microorganisms 
appeared densely on biofringe. After that, 
the wastewater flow rates were increased 
gradually from 0.80 to 4.75 l/h, as a result, 
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the loadings were increased from 0.5 to 3.0 
kgCOD/m3.day together with the hydraulic 
retention times were decreased from 14.4 to 
2.4 hours. 

2.4 Analytical methods 
Wastewater samples were withdrawn for 
analysis at the input and output locations of 
each reactor (MH1, MH2 and MH3). The 
parameters of wastewater such as pH, COD, 
SS, NH4

+-N, NO2
--N, NO3

--N, TN, TP were 
analyzed according to Vietnam National 
Standards (QCVN) together with Standard 
Methods for the Examination of Water and 
Wastewater (APHA, Eaton DA, and 
AWWA) at the Laboratory of  Research 
Institute for Aquaculture No.2 in Ho Chi 
Minh City. All experiments were repeated 
three times and the results below were based 
on average value and standard deviation. 

3. RESULTS AND DISCUSSION 
3.1 Organic removal efficiency 
Three reactors were operated continuously 
with the increased loadings from 0.5 to 3.0 
kgCOD/m3.day while concentrations of 
COD of domestic wastewater in this study 
were from 192 to 298 mg/l. COD output 
values and removal efficiencies were 
represented in Figure 2 and Figure 3. 
Average COD removal efficiencies of three 
reactors were 86, 87 and 86% in the loading 
of 0.5 kgCOD/m3.day and 90, 90 and 91% 
in the loading of 1.0 kgCOD/m3.day for 
MH1, MH2 and MH3 reactors, 
respectively. In the first time of the 
treatment process, organic matter removal 
efficiencies were rather low because 
microorganisms did not acclimated 
completely and then organic matter removal 
efficiencies increased clearly. In the 
loadings from 1.5 to 2.5 kgCOD/m3.day, 
COD treatment efficiencies of all three 
reactors were still high and stable in the 
range from 90 to 91%. At these loadings, 
COD output values of all three reactors 
were less than 30 mg/l, which is the limit of 
QCVN 14:2008/BTNMT (Vietnam 
National Technical Regulation on Domestic 
Wastewater), column A.  

 
Figure 2. Effluent COD at different loadings. 

 
Figure 3. COD removal efficiencies at 

different loadings. 
Organic matter removal efficiencies of 
three reactors did not have significant 
differences. The attached biomass observed 
on the surface of biofringe was mostly the 
same in all three reactors. In the loading of 
3.0 kgCOD/m3.day, COD removal 
efficiencies of all three reactors reduced and 
ranged from 88 to 90% and COD output 
values were sometimes over 30 mg/l but 
within the limit of QCVN 
14:2008/BTNMT, column B. The good 
results were due to swim-bed technology 
with biofringe that allowed large amounts 
of microorganisms to attach on fringe yarns 
with high density and contact with organic 
matters in wastewater suitably. As Yingjun 
Cheng et al., 2006 studied on the 
application of swim-bed technology for 
domestic wastewater treatment, COD 
removal efficiencies were 92 and 90% with 
the hydraulic retention times of 7.2 and 3.6 
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hours at the loading of 0.5 and 1.0 
kgBOD5/m3.day [2]. It could be said that 
organic loadings and treatment efficiencies 
of swim-bed technology were relatively 
high. In addition, organic matter removal 
efficiencies were nearly the same in all 
three reactors at each loading, so three types 
of biofringe made of jute, wool and acryl 
fiber had the same capacity. 

3.2 Nitrogen removal efficiency 

Figure 4. Effluent NH4
+-N at different 

loadings. 

Figure 5. NH4
+-N removal efficiencies at 

different loadings. 

NH4
+-N and TN concentrations of domestic 

wastewater in this study were from 32 to 66 
mg/l and from 40 to 73 mg/l, respectively 
but according to QCVN 14:2008/BTNMT, 
the limits of NH4

+-N and NO3
--N are 5 and 

30 mg/l with column A, respectively or 10 
and 50 mg/l with column B, respectively. 
NH4

+-N and TN output values together 
with removal efficiencies were represented 
in Figures 4, 5, 6, 7. 

 
Figure 6. Effluent TN at different loadings 

 
Figure 7. TN removal efficiencies at different 

loadings. 
In the loadings from 1.5 to 3.0 
kgCOD/m3.day, NH4

+-N and TN removal 
efficiencies decreased sharply because at 
that time although biomass density together 
with biofilm thickness of three reactors 
increased gradually but the hydraulic 
retention times were short, so the diffusion 
of substrates thoroughly and from the 
aerobic zone outside to the anoxic zone 
inside was restricted for nitrification and 
denitrification processes. In the loadings 
from 0.5 to 1.0 kgCOD/m3.day, NH4

+-N 
output values were less than 10 mg/l, which 
is the limit of column B and TN output 
values (mostly NO3

--N) were less than 30 
mg/l, which is the limit of column A. 
Therefore, swim-bed technology is  suitable 
for the treatment of domestic wastewater 
which contains both of organic matter and 
nitrogen. In all three reactors, nitrogen 
removal efficiencies were not quite 
different and it could be also said that local 
biofringe made of jute and wool fiber could 
meet the requirements of a biomass carrier 
in swim-bed technology, along with 
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specific “swimming” motion in the 
combination of fixed-bed and fluidized-bed. 

3.3 Phosphorus removal efficiency 

 
Figure 8. Effluent TP at different loadings 

 
Figure 9. TP removal efficiencies at different 

loadings 
Figure 8 and Figure 9 illustrated TP output 
values and removal efficiencies. TP 
concentrations of domestic wastewater in 
this study were from 4 to 13 mg/l but 
according to QCVN 14:2008/BTNMT, the 
limits of TP are 6 mg/l with column A and 
10 mg/l with column B. In the loadings 
from 0.5 to 3.0 kgCOD/m3.day, TP removal 
efficiencies were from 25 to 43% in 
corresponding to output values were less 
than 10 mg/l, within the limit of column B. 
Changes in influent and effluent TP 
concentrations were mainly due to uptake 
of phosphate by biomass growth. To some 
extend, it also could be removed by the 
phosphate accumulating organisms (PAOs). 
Phosphorus concentration in three reactors 
would reduce when excess sludge was 
removed. The results were appropriate 
because COD removal efficiencies at these 
loadings were over 90% with the influent 
COD concentration from 200 to 300 mg/l 

and COD:N:P removal ratio of 150:5:1. 
Possibility of removing phosphorus of two 
reactors with local biofringe were similar to 
that of the reactor with imported biofringe.  
3.4 Evaluation of biomass formation 
Microorganisms existed in two types: 
suspended and attached, but they were 
mostly under attached. At the end of the 
experiment, total biomass concentrations in 
three reactors were 5.67, 5.21, 5.08 g/l, 
respectively with MH1, MH2, MH3 
reactors. For MH1, MH2, MH3 reactors, 
concentrations of suspended biomass were 
0.82, 0.96, 0.78 g/l, respectively. With the 
support filament of 520 mm in length, the 
attached biomass on biofringe surface were 
106.33, 93.17, 94.27 g per 1 m of biofringe 
for MH1, MH2, MH3 reactors, 
respectively. Moreover, adhesion ability to 
microorganisms of jute fiber, which is 
natural material, was higher than that of 
acryl and wool fiber, which are synthetic 
material, by the better compatibility 
between microorganisms and material by 
the natural law. This is entirely appropriate 
with the previous research on the 
application of coconut fiber for making 
media in wastewater treatment in 
comparison with artificial media [5]. 
4. CONCLUSION 
At the loading of 1.0 kgCOD/m3.day with 
the hydraulic retention time of 7.2 hours, 
swim-bed technology can treat domestic 
wastewater efficiently for the parameters 
such as COD, NH4

+-N, TN, and TP within 
the limits of QCVN 14:2008/BTNMT. It 
can meet comprehensive requirements on 
the technical, economic and environmental 
aspects for domestic wastewater treatment. 
Imported biofringe from NET Co., Ltd, 
together with local biofringe made of jute 
and wool fiber gave almost the same 
wastewater treatment results. Jute (natural 
material) and wool (synthetic material) 
fiber are very cheap and light as well as 
available. This makes the application of 
swim-bed technology in the condition of 
Vietnam become more feasible. 
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ABSTRACT 
The adsorption behaviors of cross-linking chitosan flakes modified by citric acid (C-Gch) for Cr(VI) from 
aqueous solutions has been investigated as a function of appropriate equilibrium time, pH, temperature, 
adsorbent dosage and adsorbate concentrations  in a batch system. The optimum conditions for the adsorption 
were found to be pH 1 and 720 min of contact time. The maximum adsorption capacity of Cr(VI) at pH 1 was 
found to be 32 mg Cr(VI) /g C-Gch after 720 min of contact time. In an equilibrium study, the equilibrium data 
were analysed using different error analysis equations. It was found that the Langmuir, Freundlich, Tempkin and 
Redlich-Peterson isotherm models were appropriate to describe the adsorption process, indicating a 
chemisorptions process of Cr(VI) on the C-Gch.  

Keyword: Zinc (II), modified chitosan, citric acid, adsorption isotherm. 
 

1. INTRODUCTION 
Industrial and mining wastewaters are 
important sources of pollution of heavy 
metal [2, 13]. Pollution by chromium is of 
considerable concern as the metal has found 
widespread use in electroplating, metal 
finishing, leather tanning, nuclear power 
plant and textile industries. Chromium is 
found in either +3 or +6 oxidation states, as 
all other oxidation states are not stable in 
aerated aqueous media. The +6 is known 
toxic even at low concentration, with a 
potential carcinogenic effect, where as the 
+3 is an essential micronutrient for 
organisms and plants and become toxic in 
higher levels [1, 3, 11]. 

Toxic metal ions in trace quantities are 
difficult to remove from aqueous solution. 
Adsorption is a promising alternative for 
such situations. Recently, the search for 
new and innovative technology to remove 
toxic heavy metal ions from diluted 
wastewater has focused on the removal of 
heavy metal by various low-cost materials 
[3]. Among the many low cost absorbents 
identified, chitosan, poly (1→4)-2-
acetamido-2-deoxy-β-D-glucan which is 
prepared from chitin is one of the highest 

sorption capacity absorbent for the several 
metal ions. Chitin is a natural polymer 
extracted from the shells of crustaceans 
such as prawns, crabs, krill, insects and 
shrimps [5, 9, 10]. Chitosan has high 
potential in the adsorption of metal ions 
because they possess a number of different 
functional groups such as hydroxyls and 
amines. So, the metal ions can bind either 
by chemical or physical adsorption. 
Furthermore physical and chemical 
modifications of chitosan have been made 
to enhance the resistance of chitosan against 
acid, alkali, mechanical strength and 
chemical stability, improve the selectivities 
and the capacity of absorption for metal 
ions [3]. Different kinds of cross-linking 
agents such as glutaraldehyde, 
epichlorohydrin and ethylene glycol 
diglycidyl ether have been used in cross-
linking reaction of chitosan [8].  

In this work, cross-linking chitosan flakes 
modified by citric acid (C-Gch) was 
synthesized by the reaction of crosslinked 
chitosan with citric acid. The effects of pH, 
initial Cr(VI) concentration, dose of C-Gch 
and the contact time on Cr(VI)  removal 
from aqueous solution by C-CTS have  
been investigated using batch method. 
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2. MATERIAL AND METHODS 
The chitosan in flake forms with 
deacetylation degree of 87% and molecular 
weight of 105 – 106 (Da) was supplied from 
Research and Development Center for 
Radiation Technology (VINAGAMMA 
Center). Flakes were ground and sieved. 
The fraction with a paticle size of 0.25 to 
0.4 was selected for adsorption study. 
Glutaraldehyde, Cr(VI) and the other 
reagents were supplied from Merck 
Company. All solutions were prepared with 
doubly distilled water. Cross-linked 
chitosan was prepared by adding 50g of 
chitosan flakes to a beaker containing 
750ml of 2,5%(v/v) glutaraldehyde 
solution. The mixture was agitated for 12 
hours at 250 rpm and then rinsed several 
times with distilled water [6]. An obtained 
orange solid was Cross-linked chitosan 
(Gch) which  dried at room temperature. 
Acid citric grafting process was conducted 
by immersing 60 g of Gch in 240 ml of 
aqueous 2.0 % (w/v) citric acid solution at 
pH 5, temperature of 40 0C for 24 hrs. The 
citric acid grafted chitosan flakes (C-Gch) 
was repeatedly washed with deionizer 
water, thoroughly dried in air and under 
vacuum at 60 0C [6]. 
Batch adsorption experiments were 
conducted to determine the effect of pH, 
contact time, adsorbent dose and initial 
Cr(V) concentrations on the adsorption of 
Cr(VI) by C-Gch. For investigation of 
effect of pH, 0.1g C-Gch was added into 
flasks containing 50 ml of 20 and 50 mg/l 
Cr(VI) solution. pH of the solution was 
adjusted from 1 to 6  by adding either 0.5 M 
sulfuric acid or 0.5 M sodium hydroxide 
solution. The mixtures were shaken for 720 
min at room temperature (29 ± 10C).  The 
effect of the contact time was studied by 
variation of shaking time while maintained 
concentration of Cr(VI), pH, adsorbent dose 
constant. Effects of adsorbent dose were 
determined in the same manner as 
experiments mentioned above by varying 
the dose while kept other parameters 
constant. Adsorption isotherm was 

investigated by varying the concentration of 
Cr(VI) in the range of 20  to 100 mg/l of 
Cr(VI). 
The solutions after adsorption were filtered 
and the filtrates were analyzed for Cr(VI) 
by UV-Vis.  The removal efficiency (%) 
and adsorption capacity of Cr(VI) was 
determined by relationship [5,7]: 
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where P is adsorption percentage (%), qe is 
adsorption capacity (mg/g), C0 is the initial 
Cr(VI) concentration (mg/L), Ce is the final 
or equilibrated Cr(VI) concentration (ppm), 
V is the volume of the Cr(VI) solution (L) 
and m is the weight of the adsorbent (g). 

3. RESULT AND DISCUSSION  
3.1 Effect of contact time 
The effect of contact time on the adsorption 
of Cr(VI) was studied under conditions: 
0.1g of adsorbent; pH 1.0; room 
temperature (29 ± 1); 20 and 50 mg/L 
Cr(VI). The adsorption experiment were 
carried out for contact times ranging from 
15 to 840 min. The results obtained are 
shown in Figure 1. 

 
Figure 1. Effect of contact time 

 It was found that the adsorption percentage 
of Cr(VI) increased with increasing contact 
time and reached equilibrium after 720 min. 
This time was suggested to apply for next 
experiments. 
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3.2 Effect of solution pH  
pH is an important factor for the adsorption 
process. Because, pH of solution controlled 
the charge of the adsorbent surface and 
existence of Cr(VI) ions in the solution. 
The effect of pH on the adsorption of 
Cr(VI) from aqueous solutions was studied 
by determining the adsorption capacity at 
different pH values. The concentration of 
Cr(VI) in the solution was maintained at 20 
and 50 ppm in all the runs. The contact time 
(t) was kept as 720 min. The initial pH of 
the solutions was varied from 1 to 6. The 
relation of adsorption percentage and pH 
was given in Figure 2.  

The results shown that the Cr(VI) 
adsorption percentage (%) by C-GCh was 
strongly depended on the pH of the solution 
from 1 to 4.0. At a pH higher than 4.0, the 
adsorption capacity was remarkably 
decreased. Chromium (VI) forms stable 
complexes, such as Cr2O7

2-, HCrO4
2-, 

CrO4
2- and HCr2O7

-, depending on the pH 
of the solution. The fraction of any 
particular species depends on the chromium 
concentration and pH of the solution [1]. 
The extent of adsorption of Cr(VI) 
increased with a decreasing pH of the 
solution. At the lower pH values, the amine 
group of chitosan undergoes protonation, 
leading to the increased electrostatic 
attraction between NH3

+ and sorbate anion 
[1, 9], As the pH increases, deprotonation 
of amino group occurs, resulting in a 
decrease of adsorption. 

 
Figure.2. Effect of pH 

 
Figure 3. Effect of C-GCh dosage on the 
removal of Cr(VI). T = 29 ± 1 oC, t = 720 

min, Co = 20 mg/l 
3.3 Effect of adsorbent dosage (m) 
From Figure 3 shown the effect of 
adsorbent dosage on the adsorption of 
Cr(VI) by C-GCh. The Cr(VI) adsorption 
percentage increases with an increase in the 
adsorbent dosage from 0.4 to 2 g/L of C-
CTS dose. This phenomenon relates to the 
number of available adsorption sites in the 
adsorbent surface. 

3.4 Effect of initial Cr(VI) concentration  
The effect of the initial Cr(VI) 
concentration on the adsorption capacity 
was studied by variation of initial Cr(VI) 
concentration ranging from 20 to 100 mg/L.  
The results obtained are shown in Figure 4.  

 
Figure 4. Effect of initial concentration on 

the adsorption Cr(VI) 
It is remarkable that the adsorption 
percentage of Cr(VI) decreased with 
increasing the initial Cr(VI) concentration. 
This phenomenon can be explained by fitting 
the amount of adsorbent dose while more 
amount of Cr(VI) was added into the system.  

0

50

100

150

0 2 4 6

%
 R

em
ov

al
 

pH 

Cr(VI) 20 mg/L
Cr(VI) 50 mg/L

0
20
40
60
80

100
120

0 1 2 3

%
 R

em
ov

al
 

C-GCh dosage (g/l)  

60
70
80
90

100
110

0 50 100

%
 R

em
ov

al
 

Initial concentretion (Co) 

399 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

 
Figure 5. Nonlinear adsorption isotherms 
for adsorption of Cr(VI) ions  on C-GCh 

at 302 K 
3.5 Adsorption isotherm 
The adsorption isotherm is the most 
important information, which indicates how 
the adsorbent molecules distribute between 
the liquid and the solid phases when the 
adsorption process reaches an equilibrium 
state [5, 10]. The experimental adsorption 
data were fitted the Langmuir, Freundlich 
Temkin and Redlich-Peterson isotherm 
equations.  

The linear forms of Langmuir and 
Freundlich models  are presented as 
following equations [2, 4, 5, 10, 17]: 
The Langmuir equation: 
Ce
qe

=  1
kLqm

+  Ce
qm

         (1) 

The Freundlich equation: 

Lnqe = lnkf +  1
n

logCe                  (2) 

where qe is amount of Cr(VI) adsorbed per 
unit weight of the adsorbent at equilibrium 
concentration (mg/g), Ce is the final 
concentration in the solution (mg/l), qm is 
the maximum adsorption  capacity of 
Cr(VI)  (mg/g), kL and kf are the Langmuir 
and Freundlich constants, respectively, 1/n 
is Freundlich coefficient. The parameters of 
Langmuir and Freundlich equations 
obtained were given in Table 1. High kL 
values indicate high adsorption affinity. 
From the Langmuir equation, the maximum 
adsorption capacity for Cr(VI) was found to 
be 32 mg/g.   

The magnitude of kf showed a high Cr(VI) 
adsorptive capacity of C-CTS from aqueous 
solution studied.Table 1 also indicated that  
0 < 1/n < 1, indicating that Cr(VI) is 
favourably adsorbed by C-CTS at all 
studied parameters. 

Tempkin isotherm, assumes that the heat of 
adsorption decreases linearly with the 
coverage due to adsorbent-adsorbate 
interaction [5]. The Tempkin isotherm has 
generally been applied in the following 
linear form [5]. 

qe  = Bln A+ BlnC   (3) 

B = RT/b    (4) 

where A (L/g) is Tempkin isotherm 
constant, b (J/mol) is a constant related to 
heat of sorption, R is the gas constant 
(8.314 J/mol K) and T the absolute 
temperature (K). A plot of qe versus lnCe 
enables the determination of the isotherm 
constants A, b from the slope and intercept. 
The data are listed in Table 1. 

Redlich- Peterson isotherm (R- P) contains 
three parameters and incorporates the 
features of the Langmuir and the Freundlich 
isotherms into a single equation. The 
general isotherm equation can be described 
as follows [7]: 

𝑞𝑞𝑒𝑒 =  𝐾𝐾𝑅𝑅𝐶𝐶𝑒𝑒
1+ 𝐶𝐶𝑒𝑒

𝑏𝑏𝑅𝑅
     (5) 

where KR (L/g) and aR (L/mg) are R-P 
isotherm constants and g is the exponent. 
The exponent, g, lies between 0 and 1. 
There are two limiting behaviors; Langmuir 
form for g = 1 and Henry's law for g = 0. 
The values of bR lies between 0 and 1 
(Table 1) indicate favorable adsorption. 

3.6 Error Analysis 
To evaluate the fit of isotherm equations to 
the experimental data, different error 
functions of non – linear r egression basin 
were used to measure the isotherm constant 
and compare them with the less accurate 
linear zed analysis values. The residual root 
means square error (RMSE) and can be 
defined as [15]: 
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RMSE

=  �
1

n − 2
�(qe,exp − qe,cal)2
n

i=1

    (6) 

The subscripts “exp” and “cal” show the 
experimental and calculated values and n is 
the number of observations in the 
experimental isotherm. The small the 
RMSE value, the better the curve fitting. 
The chi-square test [7] is given as: 

𝑋𝑋2 = �
(qe,exp − qe,cal)2

qe,exp

𝑛𝑛

𝑖𝑖=1

                     (7) 

If data from the model are similar to the 
experimental data, X2 will be a small 
number; if they are different, X2 will be a 
large number. 
The values of the two error measurements 
were presented in Table (1). By comparing 
the values of the error function, it were 
found that Freundlich, Temkin and Redlich- 
Peterson models best fit the Cr(VI) 
adsorption onto C-GCh. The models show 
high correlation coefficients and low RMSE 
and chi-square values. Figure (5) Shows an 

excellent fit of  Freundlich, Temkin and 
Redlich- Peterson models with experimental 
data. Although the Langmuir model did not 
show a precise fit, its sorption parameters 
can still provide valuable information. The 
maximum sorption capacity, qm for 
adsorption of Cr(VI) onto C-GCh was found 
32 mg/g. The qm values obtained for the 
present system in comparison with those 
reported earlier for sorption of Cr(VI) onto 
various adsorbents (Table 2). 

4. CONCLUSIONS 
From the results obtained, it could be 
concluded that C-CTS is an effective 
adsorbent for Cr(VI) adsorption. The 
Cr(VI) adsorption percentage by C-CTS 
was strongly dependent on contact time, 
pH, doze of adsorbent and initial Cr(VI) 
concentration. The adsorption capacity of 
Cr(VI) on C-CTS increases with an 
increasing of contact time and reaches 
adsorption equilibrium within 720 min, The 
adsorption percentage decreased with 
increasing pH. With the low value of 
RMSE and χ2, it could be concluded that 
four models can be used for describing the 
adsorption process of Cr(VI). 

Table 1. Parameters of isotherms for Cr(VI) adsorption 
Isotherm modes Parameters RMSE χ2 

Langmuir 
qm (mg/g) KL (L/mg) 

4.77 3.86 
32 0.90 

Freundlich 
KF (Ln/g) 1/n 

0.83 0.10 
14.28 0.27 

Temkin 
KT (L/g) bT (J/mol) 

2.54 0.96 
21.95 493.5 

Redlich- Peterson 
KR.103 (L/g) aR.103 (L/mg) bR 

1.56 0,56 
-360.9 -280.9 0,70 

Table 2. Comparison of adsorption capacity of Cr (VI) with other adsorbents 
Type of adsorbent Adsorption capacity (mg/g) pH Reference 

Sawdust 
Coconut shell activated carbon 
Sugar beat pulp 
Maize cob 
Sugar cane bagasse 
Coconut husk fibers 
Palm pressed-fibers 
Pinus sylvestris bark activated by 0.05N NaCl 
Chitosan cross-linked withy glutaraldehyde 
C-GCh 

3.3 
20 

17.2 
13.8 
13.4 
29.0 
15.0 
19.5 
20.9 
32.0 

6. 
2.5 
2.0 
1.5 
2.0 
2.1 
2.0 
4.5 
1 
1 

 [13] 
 [1] 

 [12] 
 [12] 
 [12] 
 [14] 
 [14] 
 [2] 

 [16] 
Present study 
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ABSTRACT 
In recent years, concern for the environment has grown massively. Recycling a way to care, preserve 
and prevent the destruction of the environment has become indispensable; as natural resources 
decrease and amount of waste increase. However, there is no law that deals with recycling and 
insufficient education campaign for recycling in Paraguay, consequently, a lot of people just do not 
recycle. The aim of the study is to determinate and evaluate the recycling knowledge, attitude and 
behavior of Pedro Juan Caballero citizens. Therefore, this work will contribute as a scientific 
support for future improvement of the recycling system. This paper presents finding from a study of 
recycling knowledge, attitude and behavior of Pedro Juan Caballero citizens. A total of 30 questions were asked, 
including questions related to the Taiwanese recycling system. SPSS software as major tool is adopted to the 
collected data. Results show that knowledge has a significant positive influence on attitude and behavior, attitude 
has a significant positive influence on behavior, and these variables are positively correlated.         
Keywords: recycling knowledge, recycling attitude, recycling behavior, survey, Paraguay 

 

1. INTRODUCTION  
In recent years, concern for the 
environment has grown massively. 
Recycling is a way to care, preserve and 
prevent the destruction of the environment. 
Therefore, the importance of raise people's 
awareness about it.  

Pedro Juan Caballero city served as 
demographic sample for this research. 
Pedro Juan Caballero is situated on the 
north of Paraguay at the Amambay 
Department of which it is the capital, with a 
population of approximately 125.611 
inhabitants (2012 census). As a land border 
city with Brazil, the location enhances a 
diversity of cultural, natural and local 
characteristics. But Pedro Juan Caballero 
has faced a rapid, unsustainable urban 
growth that decreased all these local, 
cultural dynamics and environmental values. 
Neither the urban form and layout nor the 
policies are adequate to enhance the 
recycling and to positively influence the 
recycling knowledge, attitudes and 
behaviors. In this context, implementing 
strategies towards sustainability lifestyles 

among the Pedro Juan Caballero residents 
appears as a potentially important need. 

At the present, there is no law or regulation 
that deals with recycling in Paraguay. This 
lack of regulation is one of the many 
reasons why people do not separate their 
garbage at home. This study aimed to 
recognize, determinate and evaluate Pedro 
Juan Caballero citizens recycling 
knowledge, attitude and behavior and 
recommend the most suitable method to 
improve the recycling service and the 
garbage collection system.  

2. LITERATURE REVIEW 
2.1 Recycling Knowledge 
Knowledge levels about specific recycling 
programs correlate with recycling rates, 
suggesting that recycling behaviors may be 
less related to knowledge in general than to 
knowledge about the specifics of recycling 
(Oskamp et al., 1991). Generally, the more 
information an individual has about which 
materials are recyclable or where they can 
be collected, the more likely that person is 
to recycle (Schultz, Oskamp & Mainieri 
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1995). The greatest difference between a 
recycler and a non-recycler is their 
knowledge of which items are recyclable 
(Vining & Ebreo 1990). In order to increase 
recycling, then, individuals must be 
informed on the subject. The literature 
generally supports the notion that recycling 
rates have a positive correlation with 
informational campaigns (McDonald & 
Ball, 1998; Scott, 1999; Thomas, 2001) 
underscoring the possibility that knowledge 
on how to recycle is positively correlated 
with recycling behavior. 

2.2 Recycling Attitude 
The basic understanding of the attitude 
concept is that it guides, influences, directs, 
shapes and predicts actual behavior in some 
way (Kraus, 1995). 

It is important to understand attitudes about 
recycling, because if people see no benefit 
to an activity they will not participate in it 
(Makenzie-Mohr & Smith, 1999). Studies 
on this relationship have examined the gap 
between environmental values and 
environmental action, sometimes referred to 
as the ‘value-action gap’ (Nixon & 
Saphores, 2009).   

Recycling Behavior 

One of the most common ways to induce 
ecologically responsible behavior is 
through the use of educational campaigns. 
Such campaigns are based on the 
assumption that humans are rational, and 
that once supplied with the relevant 
environmental information, attitudes will 
change and create behavior changes as well 
(O'Riordan, 1976). 

2.3 Recycling Behavior 
One of the most common ways to induce 
ecologically responsible behavior is 
through the use of educational campaigns. 
Such campaigns are based on the 
assumption that humans are rational, and 
that once supplied with the relevant 
environmental information, attitudes will 
change and create behavior changes as well 
(O'Riordan, 1976).  

3. METHODOLOGY 
3.1  Descriptive Statistic Analysis 
In order to achieve the purpose of this 
research and test the hypotheses, this study 
used SPSS 17.0 software as major tool to 
help analyze the collected data.  

3.2  Chi-square Test  

The Chi-square statistic is commonly used 
for testing relationships on qualitative 
variables. The chi-square test is used to 
determine whether there is a significant 
difference between the expected 
frequencies and the observed frequencies in 
one or more categories. Chi-square test is 
applied to test the relationship between 
recycling knowledge with demographic 
variables. To determinate witch group of 
citizens pass or fail the examination. 

3.3 T-test Analysis  
The T-test assesses whether the means of 
two groups statistically differ from each 
other. The two independent sample T-test is 
used when testing two independent groups. 
The groups are considered independent if a 
member of one group cannot possibly be in 
the other group. T-test is applied to test the 
relationship between recycling attitude and 
recycling behavior related to demographic 
variable (gender). 

3.4  ANOVA 
The ANOVA analysis is commonly used for 
testing relationships on quantitative variables. 
ANOVA is applied to test the relationship 
between recycling attitude and recycling 
behavior related to demographic variables; 
age, education level and occupation. 

3.5  Person’s Correlation 
Pearson’s correlation is a measure of the 
strength and direction of association that 
exists between two variables measured on 
at least an interval scale. It was used to 
verify correlation between three sets of 
variables including recycling knowledge, 
recycling attitude and recycling behavior. 
Pearson’s correlation may clarify positive 
or negative relations between variables.  
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4.  RESULTS  
Table 1 shows the basic characteristics of 
the 200 respondents, including four major 
items in this study: (1) Gender, (2) Age, (3) 
Education level, and (4) Occupation.  

It shows that more than 60% of the 
respondents are female. More than 60% of 
the respondents are between 18 – 34 years 
old.  More than 60% of the respondents 
are currently study or got graduate degree 
from university. 

In the vocational distribution, respondents 
working in the private sector are the largest 
part with 34%, follows by independent 
29.5% and students 25%. 
In recycling knowledge (RK) construct, the 
4 demographic variables fail to achieve a 
significant result. H1a, H1b, H1c, and H1d 
are not supported. 

In recycling attitude (RA) construct, except 
gender variable and age variable, other two 
variables fail to achieve a significant result. 
H2a and H2b are supported whereas H2c 
and H2d are not supported.  

In recycling behavior (RB) construct, there 
is only age variable pass the significant 
result. H3b are supported whereas H3a, H3c 
and H3d are not supported. 

To investigate whether is a correlation 
between recycling knowledge, recycling 
attitude and recycling behavior, Person’s 
correlation analysis is used in this study. 
For the hypothesis 4 (H4) of this study, the 
findings in Table 2 suggests that recycling 
knowledge has a significant positive 
correlation. In other words, recycling 
knowledge and recycling attitude are 
positively correlated (r=0.732, P<0.000). 
The recycling knowledge of Pedro Juan 
Caballero citizens is positively correlated 
with the citizens recycling attitude. Hence, 
H4 is supported. 

Pearson correlation was calculated in order 
to analyze the correlation between recycling 
attitude with recycling behavior. The result 
indicates that there is a highly positive 
correlation (r=0.701, P<0.000) between 

these two variables. Table 2 provided the 
correlation between recycling attitude and 
recycling behavior. As a result, hypothesis 
5 (H5) is supported. 

Results supported the research hypothesis 
that those citizens with high recycling 
knowledge tend to have a high recycling 
behavior, (r=0.743, P<0.000). Table 2 
summarizes the correlation among these 
two variables. Accordingly, hypothesis 6 
(H6) is supported. 

Table 1. Demographic characteristics of 
Samples 

Demographic 
Variables Frequency Percentage (%) 

Gender 
Male 69 34.5 

Female 131 65.5 
Age 

Below 18 19 9.5 
18 to 34 years old 119 59.5 
35 to 64 years old 46 23.0 

Above 65 16 8.0 
Education Level 

Junior School 12 6.0 
High School 59 29.5 
University 129 64.5 

Occupation 
Public Sector 26 13.0 
Private Sector 68 34.0 
Independent 57 28.5 

Student 49 24.5 
Total  200 100 

Table 2. Correlations between RK, RA and RB  

 Recycling 
Knowledge 

Recycling 
Attitude 

Recycling 
Behavior 

Recycling 
Knowledge 

r 
P 
N 

1 
 

200 

.732 

.000 
200 

.743 

.000 
200 

Recycling 
Attitude 

r 
P 
N 

.732 

.000 
200 

1 
 

200 

.701 

.000 
200 

Recycling 
Behavior 

r 
P  
N 

.743 

.000 
200 

.701 

.000 
200 

1 
 

200 

405 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

Table 3. Summary of Hypotheses Testing Results 

Hypotheses 
number Description of hypotheses 

Present 
study’s 
results 

H1 
Recycling knowledge 
differs considerably by 
demographic variables. 

Rejected 

H1a Gender differ considerably 
on recycling knowledge. 

Rejected 

H1b Age differ considerably on 
recycling knowledge. 

Rejected 

H1c 
Education level differ 
considerably on recycling 
knowledge. 

Rejected 

H1d 
Occupation differ 
considerably on recycling 
knowledge. 

Rejected 

H2 

Positive attitude towards 
recycling differ 
considerably by 
demographic variable. 

Partially 
supported 

H2a 
Gender differ considerably 
on positive attitude towards 
recycling. 

Supported 

H2b 
Age differ considerably on 
positive attitude towards 
recycling. 

Supported 

H2c 
Education level differ 
considerably on positive 
attitude towards recycling. 

Rejected 

H2d 
Occupation differ 
considerably on positive 
attitude towards recycling. 

Rejected 

H3 
Recycling behavior differ 
considerably by 
demographic variables. 

Partially 
supported 

H3a Gender differ considerably 
on recycling behavior. 

Rejected 

H3b Age differ considerably on 
recycling behavior. 

Supported 

H3c 
Education level differ 
considerably on recycling 
behavior. 

Rejected 

H3d 
Occupation differ 
considerably on recycling 
behavior. 

Rejected 

H4 
Recycling knowledge has a 
significant positive influence 
on recycling attitude. 

Supported 

H5 
Recycling attitude has a 
significant positive influence 
on recycling behavior. 

Supported 

H6 
Recycling knowledge has a 
significant positive influence 
on recycling behavior. 

Supported 

5. CONCLUSIONS   
The study results derive from data analysis 
in previous chapters are summarized in 
Table 3. There are total eighteen hypotheses 
forming the framework of this study. After 
analyzing the significance difference and 
correlations among main constructs, six 
hypotheses were supported, two hypotheses 
were partly supported and ten hypotheses 
were rejected on reach significant level. 

The demographic variables; gender, age, 
education level and occupation do not 
demonstrate a significant influences on 
recycling knowledge. In contrast, a 
significant difference on recycling attitude 
was found between citizens of different 
ages and genders, where young people and 
women have more positive attitude. In 
addition, age groups are according their 
recycling behaviors where adults between 
18 to 34 years olds have the best recycling 
practices.  

In this study, the correlation evidence 
suggests that those who have basic recycling 
knowledge tends to have a positive attitude 
towards recycling and consequently are 
more likely to recycle.  According to these 
results, improve recycling education will 
build a positive attitude, and increase the 
recycling in the city. 
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ABSTRACT 
This research focuses on municipal wastewater treatment efficiency of Da Lat city by anoxic – aerobic process 
using various biomass carriers. In lab-scale tests, two systems were operated in parallel to evaluate the treatment 
capacity of anoxic – aerobic process when using different biomass carriers. The first system used biofix and 
biofringe as biomass attachments, biofix in anoxic tank and biofringe in aerobic tank. The second system used 
biomass attachment made of jute for both anoxic and aerobic tanks. Jute biomass carrier was simulated 
according to the structure of biofringe. This study was conducted in four organic loading rates (OLRs) from 0.5 
to 2 kg COD/m3.day. The results show that average BOD5, COD, TN removal efficiencies through four OLRs 
were 91.3%, 85.4%, 83.3% in the first model and 90.1%, 84.5%, 78.3% in the second model, respectively. The 
best removal efficiency was obtained at OLRs of 1 kg COD/m3.day in both models. 

Keywords: Biofix, biofringe, swim-bed, jute, anoxic – aerobic process, nitrogen removal. 
 

1. INTRODUCTION 
Municipal wastewater is a major challenge 
in Vietnam. By 2013, only 10% urban 
wastewater is treated by appropriate 
methods. Da Lat is one of a few cities 
having municipal wastewater treatment 
plant. However, the level of treatment 
provided at Da Lat through imhoff tanks 
and trickling filter is insufficient overall to 
achieve the effluent ammonia limits given 
the high incoming concentrations of 
ammonia [1]. Therefore, finding a solution 
for this problem is very necessary. 

The modified Ludzak-Ettinger (MLE) 
process is one of the conventional nitrogen 
removal process in municipal wastewater 
treatment [2,3]. The process consists of an 
anoxic tank followed by the aeration tank 
where nitrification occurs. Nitrate produced 
in the aeration tank is recycled back to the 
anoxic tank for denitrification. The process is 
also known as preanoxic denitrification. [3]. 

For upgrading activated sludge processes, the 
Integrated fixed-Film Activated Sludge - 
IFAS [3,4] has been developed recently. The 

IFAS hybrid processes include any activated 
sludge system that has some type of 
fixed/film media in a suspended growth 
reactor. The advantage for IFAS process is 
the improvement of treatment capacity 
provided by the high biomass concentration 
in aeration tank, consequently enhancing 
volumetric nitrification rates, reducing sludge 
production and improving sludge [3,5]. The 
swim-bed technology using Biofringe 
carriers is very effective for wastewater 
treatment [6], especially for application as 
fixed packing aerobic IFAS process. Thus, 
packing carriers seems to enhance the 
treating ability of MLE process [3]. 

Biofringe is a kind of import material and 
high cost, so, in order to apply this 
technology widely in Vietnam, we should 
find out a kind of material having the 
similar features to biofringe. Jute is a kind 
of natural fiber, It has many features like 
biofringe such as good water penetration, 
elasticity, rough surface. Therefore, this 
study selected jute as a kind of alternative 
material for biofringe. 
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2. MATERIALS AND METHODS 

 
Figure 1. Schematic diagram of experimental setup 

(1) Influent tank; (2,9) influent pump; (3,10) anoxic reactor; (4,11) aerobic reactor; (5,12) sludge 
settling tank; (6,13) air pump; (7,14) mixing liquid return pump; (8,15) effluent 

 
a 

 
b 

 
c 

Fifure 2. Photograph of biomass carriers 

(a)  Biofix;  (b) Biofringe;  (c) Jute 

2.1 Feed wastewater  
The wastewater used in this study was 
taken from Wastewater Treatment Plant of 
Da Lat city, Lam Dong province after 
preliminary sedimentation tank. The 
characteristics of the influent were 479 ± 
93mg/l COD; 243 ± 47 mg/l BOD5; 55 ± 
20 mg/l SS; 50 ± 5 mg/l N-NH4

+; 74 ± 7 
mg/l TN; pH: 7.2 – 8.0. 

2.2 Experimental setup  
Two models using anoxic – aerobic process 
with different biomass carriers were 
operated in parallel under the same 
operational conditions at room temperature. 
Each system consisted of an anoxic reactor, 
an aerobic reactor and a sludge settling 
tank, which were all constructed of acryl 
resin, with the same working volumes of 
10, 10, 5L, respectively.  

The aerobic reactor in model one, the 
anoxic and aerobic reactors in model two 
had downdraft and updraft sections of 120 x 
120 and 120 x 30mm respectively, 
separated by vertical baffle. Biomass 
carriers used in the first model were biofix 
and biofringe (also known as BXBF 
model). Three biofix sheets were packed  
into the middle part of the anoxic reactor in 
BXBF model. Each sheet of Biofix carrier 
was 300mm in length and 160mm in width. 
Support filament of the biofringe carrier 
with 500mm in length was installed in 
aerobic reactor (4). The second model used 
biomass carriers made of jute, simulated 
according to the structure of biofringe for 
both anoxic and aerobic reactors (also 
known as Jute model). Jute carrier used in 
this research was 500mm in length, 
contained 94 yarns. Each of yarn was 
105mm in length and 3-4mm in diameter. 

409 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

Air was introduced near the bottom of all 
reactors by air pump (as shown in figure 1). 
The mixing liquor in the aerobic reactor 
was recycled to the anoxic reactor at 100% 
recycle rate to provide nitrate for 
denitrification. Sludge in settling tank was 
returned to anoxic reactor by hand to 
maintain enough biomass for treatment. 
Photograph of biomass carriers was showed 
in figure 2.  

This study was conducted in four organic 
loading rates (OLRs): 0.5 kg COD/m3.d; 
1.0 kg COD/m3.d; 1.5 kg COD/m3.d and 
2.0 kg COD/m3.d by changing wastewater 
flow rate 20l/d, 40l/d, 60l/d and 80l/d with 
HRTs are 24h, 12h, 8h, 6h, respectively.   

The seed sludge was taken from an 
activated sludge tank in the laboratory of 
Biology – Environment Department, Yersin 
University of Da Lat. The initial MLSS 
concentrations were 5000mg/l in anoxic 
reactor and 3000mg/l in aerobic reactor. 
DO concentrations were maintained about 
0.5mg/l in anoxic reactor and 4 - 6mg/l in 
aerobic reactor. Acclimation stage lasted 
four weeks. Wastewater temperature in all 
of reactors ranged from 18 to 220C during 
the operation. 

2.3 Analytical methods 
The parameters of BOD5, COD, N-NH4

+, 
N-NO2

-, N-NO3
-, SS, MLSS were 

measured according to standard methods 
for examination of water and wastewater 
[9]. DO was measured by a DO meter and 
pH was measured by a pH meter using 
Handylab multi 12 (SCHOTT, Germany).  

3. RESULTS AND DISCUSSION 
3.1 Treatment efficiency of BXBF model 
3.1.1  Organic matter removal 
The degradations of organic constituents 
were evaluated by COD and BOD5 
removals as showed in figure 3 and 4.  

The influent COD concentration ranged 
from 400 – 800mg/l. The effluent COD 
concentrations ranged from 40 – 104mg/l, 
met QCVN 40:2011/BTNMT type A 

(<75mg/l) or type B (<150mg/l). The best 
COD removal efficiency achieved at OLR 
of 1kgCOD/m3.d, average 89.6 (± 1.9)% 
with effluent COD concentration 60 (± 18) 
mg/l, although influent COD concentration 
at this OLR was highest, average 579 (± 97) 
mg/l. The lowest efficiency was at OLR of 
2kg COD/m3.d with the average value 79.3 
(± 1.8)%. The average COD treatment 
efficiency at OLRs of 0.5 and 1.5kg 
COD/m3.d were quite similar each other, 
around 86.0% and 86.8%, respectively but 
more stable in OLR of 1.5kgCOD/m3.d.  
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Figure 3. Change in COD concentration and 
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Figure 4. Change in BOD5 concentration and 
removal efficiency 

Figure 4 shows that BOD5 removal 
efficiency was high and stable over the 
OLRs, the efficiencies were ranged from 88 
to 95%. Effluent BOD5 concentration was 
lower than 25mg/l through the study, met 
QCVN 40:2011/BTNMT, type A. 

3.1.2  Nitrogen removal 
Figure 5 shows that N-NH4

+ removal 
efficiency was high at OLRs under 
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1.5kgCOD/m3.d. N-NH4
+ removal 

efficiencies were 92.6, 94.5, 91.4% at OLR 
of 0.5, 1.0, 1.5kgCOD/m3.d with effluent 
N-NH4

+ concentrations were 4.0, 2.8, 
3.9mg/l, respectively, that met QCVN 
40:2011/BTNMT, type A. The effluent N-
NO2

- concentration was very low, under 
0.5mg/l throughout the study, almost zero at 
OLR of 1kCOD/m3/d or less. The results 
indicate that both nitrification and 
denitrification took place well at OLR of 
1.0kgCOD/m3.d. Average effluent 
ammonium and nitrate concentrations at 
this loading rate were around 2.9 mg/l and 
3.2mg/l, respectively.  
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Figure 5. Change in N-NH4
+ and N-NO3

- 
concentrations and N-NH4  removal efficiency 
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Figure 6. Change in TN concentration and 
removal efficiency 

Figure 6 shows that the nitrogen removal 
efficiencies were high at OLR of 0.5 and 
1.0kgCOD/m3.d, average 88% and 90% but 
more stable in the second OLR. The 
effluent TN concentrations at these two 
OLRs were around 9.2mg/l and 7.6 mg/l, 
respectively.   When increasing OLR to 1.5 

kg COD/m3.d, nitrogen removal efficiency   
decreased to 83 % and dropped to 70%  at 
OLR of 2.0kgCOD/m3.d. Effluent TN 
concentration met QCVN 
40:2011/BTNMT, type A at OLRs under 
1.5kgCOD/m3

.d  (< 20mg/l) and type B at 
OLRs of 2.0kgCOD/m3.d.  
3.1.3  Suspended solid (SS) 
Figure 7 shows that the effluent SS 
concentration hardly depended on influent 
SS and increased when HRTs reduced. 
HRTs of settling tank were 6.0h, 3.0h, 2.0h, 
1.5h at OLRs of 0.5, 1.0, 1.5, 
2.0kgCOD/m3.d, respectively. The effluent 
SS concentrations were pretty low at OLRs 
of 0.5 and 1.0kgCOD/m3.d, average 3.5mg/l 
and 7.8mg/l, respectively. At OLRs of 1.5 
and 2.0kgCOD/m3d, the effluent SS 
concentration was about 13mg/l and 
21mg/l, respectively.  
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Figure 7. Change in SS concentration 

3.1.4  Biomass concentration 
MLSS concentration was maintained 
around 3500mg/l in reactors during the 
operation. Total suspended sludge after 
finishing the experiment was 8250mg/l, 
consisted in withdrawn excess sludge and 
suspended sludge in reactors. The amounts 
of attached biomass on biofix and biofringe 
were 7820mg/l and 4680mg/l (correspond 
with reactor’s volume) at the end of OLRs 
of 2.0kgCOD/m3.d, respectively. 

3.2 Treatment efficiency of Jute model 
3.2.1  Organic matter removal 
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The COD and BOD5 removals were 
presented in figure 8 and figure 9. 
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Figure 8. Change in COD concentration and 
removal efficiency 

Similar to BXBF model, the best COD 
removal efficiency was  also obtained at 
OLR of 1kgCOD/m3.d, average 88.9% with 
effluent COD concentration 65 (± 19)mg/l. 
The lowest COD removal efficiency was at 
OLR of 2kgCOD/m3.d with the average 
value 78.2%, effluent COD 92 (± 13)mg/l. 
The average COD treatment efficiency at 
OLRs of 0.5 and 1.5kgCOD/m3.d were 
quite similar each other, 85.3% and 85.5%, 
respectively. Generally, the effluent COD 
concentration ranged from 40 – 110mg/l 
through the study that meets QCVN 
40:2011/BTNMT, type B.  
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Figure 9. Change in BOD5 concentration and 
removal efficiency 

Figure 9 shows the change in BOD5 
concentration and removal efficiency at 
OLRs. The results showed that BOD5 
treatment efficiency of Jute model was high 
and relatively stable through OLRs, 
especially at OLR of 1.0kgCOD/m3.d. The 
BOD5 removal efficiency ranged from 86 

to 94% during the operation and the 
effluent BOD5 concentration ranged from 
17 to 29mg/l that meets QCVN 
40:2011/BTNMT, type A. 

3.2.2  Nitrogen removal 
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Figure 10. Change in N-NH4
+ and N-NO3

- 
concentration and N-NH4  removal efficiency 

Change in ammonium and nitrate 
concentrations was showed in figure 10. 
The analytical result showed that high 
ammonium removal efficiency at OLRs of 
0.5 and 1.0kgCOD/m3.d was 90% and 91%, 
respectively. At OLRs of 1.5 and 
2.0kgCOD/m3.d, ammonium removal 
efficiency reduced to 88% and 83%, 
respectively. The effluent ammonium 
concentration ranged from 3.5 – 9.6mg/l. 
met QCVN 40:2011/BTNMT, type B. The 
effluent nitrite concentration was very low, 
under 0.5mg/l though all of OLRs. Similar 
to BXBF model, the best nitrification and 
denitrification efficiency of Jute model 
were also obtained at OLR of 
1kgCOD/m3.d, the average ammonium and 
nitrate concentration were 4.5 and 4.0mg/l, 
respectively. 
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Figure 11. Change in TN concentration and 
removal efficiency 

Change in TN concentration and removal 
efficiency was presented in figure 11. The 
TN removal efficiency ranged from 60 – 
88% during the operation. High TN 
removal efficiency was obtained at OLRs of 
0.5 and 1.0kgCOD/m3.d, the average values 
were 85% and 86%, respectively. When 
increasing OLR to 1.5 and 2.0kgCOD/m3.d, 
TN removal efficiencies reduced to 78% 
and 64%, respectively. Generally, effluent 
TN concentration met QCVN 
40:2011/BTNMT, type A (< 20mg/l) at 
OLRs from 0.5 to 1.5kgCOD/m3.d and type 
B at OLR of 2.0kgCOD/m3.d. 

3.2.3  Suspended solid (SS) 
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 Figure 12. Change in SS concentration  
Figure 12 shows that the effluent SS 
concentration was almost independent on 
influent SS concentration, and increased 
when increasing OLR and reducing HRT, 
similar to BXBF model. The result showed 
that the effluent SS concentration was less 
than 25mg/l through the study, especially 
very low at OLRs of 0.5kgCOD/m3.d, only 
2.8 (± 1.0)mg/l.  

3.2.4  Biomass concentration 
MLSS concentration was maintained 
around 3500mg/l in system during the 
operation. MLSS concentration at the end 
of OLR of 2.0kg COD/m3.d was 9520mg/l, 
consisted in withdrawn excess sludge and 
suspended biomass in reactors. The amount 
of attached biomass on Jute carriers in 
anoxic and aerobic reactors were 4600mg/l 
and 4660mg/l at the end of OLRs of 
2.0kgCOD/m3.d, respectively. 

4. CONCLUSION 
• The system combined biofix and 

biofringe gave good treatment efficiency 
for municipal wastewater of Da Lat city. 
The average BOD5, COD, TN removal 
efficiencies throughout the study were 
91.3%, 85.4%, 83.3% , respectively. 

• Contaminant removal efficiency in Jute 
model was lower than BXBF model. The 
average BOD5, COD, TN removal 
efficiencies throughout OLRs were 
90.1%, 84.5%, 78.3%, respectively. 

• The best COD, BOD5, TN removal 
efficiencies were obtained at OLR of 
1.0kgCOD/m3.d in both models, correspond 
with flow rate 40l/d and HRT 12h. 

• SS concentrations in the effluent for both 
models were lower than 25mg/l through 
all of OLRs. Clear effluents were 
obtained for both models during OLR of 
0.5kgCOD/m3.d.   

• Jute carrier simulated according to the 
structure of BF allowed for attachment of 
large amounts of biomass similar to BF 
carrier, 93g of biomass per meter of jute 
carrier and 94g of biomass per meter of BF 
material at OLR of 2.0kgCOD/m3.d. But 
Jute’s durability in wastewater was much 
lower than BF’s, about seven months for 
Jute material (in this study) versus fifteen 
years for BF material. 
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ABSTRACT 
A study was carried out by using both syringes and flasks for measuring in vitro biogas production and quality 
with the basal substrates of pig manure (15%DM). In the experiment of syringes the factorial design was used. 
The first factor was the plant material including rice straw, water hyacinth and Para grass (Brachiaria mutica). 
The second factor was replacement levels of plants to pig manure including 10, 20, 30, 40 and 50% (DM basis) 
with three replications. In the experiment of flasks, corresponding to each treatment of the experiment of syringe 
system, one 5liter-flask was used. The inoculum was extracted from pig sludge of flasks which were incubated at 
40oC at day 80. Incubation time for the study lasted 60 days. The results showed that the potential biogas 
production of rice straw and water hyacinth were better than Para grass. The replacement of plant level at 50% to 
pig manure as the main substrate gave the highest biogas production in both syringe and flask systems. Methane 
concentration reached 60% of biogas for the syringe was earlier than the flasks (day 14 vs. day 28). The syringes 
could be potentially used to study on in vitro biogas production. Studies on replacement of pig manure by these 
plants more than 50% (DM basis) in biogas production should be considered. 

Key words:  Biogas and methane production, plant material, pig manure, syringe, flask 

 
1. INTRODUCTION 
During anaerobic digestion, organic matter 
is converted to carbon dioxide and methane 
i.e. biogas, by microorganisms in an 
oxygen-free environment. Beside the 
animal and human waste, plant materials 
can also be used to produce biogas 
(Jacques, 1997). Crop residues such as 
maize stalks, rice straw, cotton stalks, 
wheat straw and water hyacinth enriched 
with partially digested cattle dung enhanced 
the gas production in the range of 10-80% 
(El Shinnawi, et al., 1989). However 
studies on plant resources for biogas 
production are still limited in the Mekong 
delta of Vietnam. Rice straw is produced in 
large quantities in this region (about 18 
million tons annually), while the anaerobic 
digestion of rice straw was feasible (Zhang, 
1999). The possibility of converting water 
hyacinth to biogas has been an area of 
major interest for many years due to large 
amounts of them in the canals and rivers in 
the region. Flask systems are widely used 
for evaluating biogas production in 
laboratory experiments, however the uses of 
syringes for this purpose are limited. 

Therefore objectives of this study were to 
investigate the biogas production of rice 
straw, water hyacinth and Para grass 
(Brachiaria mutica) at different levels 
replacing pig manure as the main substrate 
by in vitro experiments of syringe 
compared to the flasks. 

2. MATERIALS AND METHODS   
The study was carried out at the Department 
of Animal Sciences, Faculty of Agriculture 
and Applied Biology, Can Tho University, 
Vietnam. In the experiment of syringes, a 
factorial design was used. The first factor 
was the plant material including rice straw, 
water hyacinth and Para grass (Brachiaria 
mutica). The second factor was replacement 
levels of plants to pig manure including 10, 
20, 30, 40 and 50% (DM basis) with three 
replications. In the experiment of flasks, 
corresponding to each treatment of the 
experiment of syringe system, one 5liter-
flask was used. The experimental period 
lasted for 60 days.  Pig manure was collected 
from growing pig farm of Can Tho 
University. The rice straw, water hyacinth 
and Para grass were collected and dried 
under sun shine and chopped into small 
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pieces about 5mm. They were put into the 
flasks for the experiment, while they were 
ground into 1mm size for the syringe 
experiment. The plant materials and pig 
manure were analyzed dry mater (DM), 
organic matter (OM), crude protein (CP), 
crude fiber (CF), nitrogen free extraction 
(NFE) and ash by using methods of AOAC 
(1990), and neutral detergent fiber (NDF) 
and acid detergent fiber (ADF) according to 
Van Soest and Robertson (1991).    

The pig sludge of flasks incubated at day 80  
was extracted for using as inoculum 
resources. The buffer and medium solutions 
were prepared according to methods of 
Menke and Steingass (1988). The ratio of 
medium solution and sludge was 5:1 (v/g). 
The dry matter content of the slurry for 
both syringe and flask experiments was 
15%. For the syringe experiment after 
adding all substrates, the clip was opened 
and the syringe’s plunger gently was 
pushed, so that air was removed. In flasks 
we used nitrogen to remove it. The 
Geotechnical instruments GA94 (Germany) 

was used to analyze the components and 
volume of biogas for flasks, while methane 
and carbon dioxide concentration of biogas 
in syringes were determined by NaOH 1M 
by two syringes according to Fievez et al. 
(2005). The data from the syringe 
experiment were analyzed by analysis of 
variance using the ANOVA of General 
Linear Model, while Tukey test was used to 
compare the means of (Minitab, 2000).  

3. RESULTS AND DISCUSSION 

3.1 Experiment 1 
Table 1 describes the chemical composition 
of pig manure and plant materials used in 
Exp 1. The dry matter and crude protein of 
pig manure were 34.2 and 7.28%, 
respectively. The dry matter result of pig 
manure used in Exp 1 was higher than a 
result of San Thy (2005), 32.1%. The NDF 
and ADF of rice straw and Para grass were 
higher than those of water hyacinth and pig 
manure.  The NFE of rice straw was lower 
than that of water hyacinth and Para grass 
(39.9, 44.6 and 50.4%, respectively). 

 

Table 1. Chemical composition (%DM) of pig manure  and plant materials used in Exp. 1. 

Items DM OM CP NDF ADF Ash CF EE NFE 

Water hyacinth 8.10 82.0 11.5 58.1 30.4 18.0 20.0 3.90 44.6 

Rice straw 83.6 86.7 5.20 67.2 38.6 13.3 31.6 5.00 39.9 

Para grass 20.3 89.2 9.45 69.0 34.3 10.8 30.1 3.70 50.4 

Pig manure 34.2 84.7 7.28 38.7 22.8 15.3 12.2   

 DM: dry matter, OM: organic matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid detergent 
fiber, CF: crude fiber, EE: ether extraction, NFE. 

Table 2. The change of pH values of fermented slurry over incubation days in Exp. 1. 

Incubation time (day) 

Item 0 1 2 6 10 15 60 

Rice straw 7.60 6.90 6.90 6.40 6.70 7.20 7.50 

Water hyacinth 7.00 6.90 6.60 6.30 7.20 7.20 7.70 

Para grass 7.00 6.50 6.40 6.00 6.00 5.90 6.00 
 

pH values 
The pH value of fermented sludge changed 
during incubation time (Table 2). In first 

time, pH value preferred with fermented 
condition (pH = 6-8). From the day 0-6, 
the pH value drop slightly for all 
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treatments.  At the day 10, the pH value of 
rice straw and water hyacinth began 
increasing to 6.7 and 7.2 while that of rice 
straw maintain the same pattern (6.00). A 
result was described in the biogas industry 
(Kuijstermans et al., 2007) that the pH 
values drop from 7.5 to 5.5 at the day 7 of 

incubation. Yadvika et al. (2004) reported 
that pH is an important parameter affecting 
the growth of microbes during anaerobic 
fermentation. pH of optimum digester 
should be kept within a desired range of 
6.8–7.2 

Biogas production 
 

Table 3. The biogas yield (m3/kgOM) of different plant materials and replacement levels at different 
incubation times in Exp. 1. 

Item Material  (M) % Replacement (R) P 

Incub. 
time 
(day) 

R WH PG 10 20 30 40 50 M R M*
R 

14 0.081a 0.060b 0.054b 0.048a 0.051a 0.068b 0.075bc 0.083c *** *** *** 

28 0.128a 0.102b 0.058c 0.052a 0.064a 0.113b 0.114b 0.138c *** *** *** 

37 0.154a 0.127b 0.060c 0.055a 0.078b 0.134c 0.143c 0.158d *** *** *** 

60 0.194a 0.155b 0.063c 0.058a 0.086b 0.168c 0.182cd 0.194d *** *** *** 

R: rice straw, WH: water hyacinth , PG:  Para grass, M: material, R: % replacement. The different letter a, b, c, 
d  in the same row showed the significant difference values at a level of 5% 

The biogas production in syringes was 
showed in Table 3. The results showed that 
biogas production of rice straw had 
significantly (P<0.05) higher than those of 
water hyacinth and Para grass at different 
incubation times. The biogas production 
significantly increased (P<0.05) by 

increasing replacement levels of plants 
material to the pig manure (from 0.058 
increasing up to 0.194 m3/kgOM). 
Increasing replacement of plant material 
levels to pig manure enhanced nutrients 
which bacterial could use to produce biogas. 

 

Table 4. The methane yield (m3/kgOM) and methane concentration (%) of different plant materials 
and replacement levels at the day 60 in Exp. 1. 

 Material (M) % Replacement (R) P 

Item R WH PG 10 20 30 40 50 M R M*R 

%CH4 58.3a 46.8b 43.6c 41.3a 43.9b 56.0c 56.7c 49.9d *** *** *** 

VCH4 0.079a 0.136b 0.027c 0.024a 0.042a 0.103b 0.119b 0.113b *** *** *** 

R: rice straw, WH: water hyacinth, PG: Para grass, M: material, R: %replacement. The different letter a, b, c, d  
in the same row showed the significant difference values at a level of 5% 

The results in Table 4 indicated that the 
methane concentration and yield at the day 
60 were significantly different (P<0.05) 
among the treatments. The methane yield of 
water hyacinth got the highest value (0.136 
m3/kgOM). The methane concentration of 
rice straw was significantly higher than that 
of water hyacinth and Para grass. Results 

reported by Komatsu (2005) indicated that 
addition of rice straw increased methane 
production by 66-82% in mesophilic 
digesters and by 37-63% in thermophilic 
digester. In the present experiment, the 
replacement levels of 40 plant materials had 
the highest value of methane concentration 
and yield (56.7% and 0.119 m3/kgOM, 
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respectively). The interaction between 
different materials and replacement levels 

was also significantly different (P<0.05). 

3.2 Experiment 2 
 

Table 5. The biogas yield (m3/kgOM) of different plants materials and replacement levels at 
different incubation time in Exp 2. 

Item Material (M) % Replacement (R) 

Incub. time (day) R WH PG 10 20 30 40 50 

14 0.105 0.105 0.065 0.068 0.068 0.095 0.116 0.111 

28 0.229 0.209 0.065 0.107 0.149 0.181 0.206 0.195 

37 0.262 0.280 0.065 0.160 0.165 0.105 0.234 0.247 

60 0.296 0.323 0.087 0.197 0.181 0.225 0.270 0.304 

R: rice straw, WH: water hyacinth, PG: Para grass, M: material, R: % replacement. 
 

Table 5 showed that the biogas production 
for rice straw, water hyacinth and Para 
grass at the day 60 were 0.296, 0.323 and 
0.0867 m3/kgOM, respectively. A result of 
Schmidt (2005) showed that the biogas 
yield of cut grass was 0.125 m3 /kg. 
Kossmann et al. (1999) reported that biogas 
yields for rice straw and water hyacinth at 
the end of a 10-20 day retention time with 

temperature of 30°C were 0.17-0.28 and 
0.375m3/kgOM, respectively. The methane 
concentration of rice straw and water 
hyacinth at the day 37 reached 61.6 and 
58.2%, respectively, while that of Para 
grass was 16.6% (Table 6). At different 
replacement levels, at the day 37 the 
methane concentration had similar values 
for all treatments from 42.2 to 49.6%. 

 

Table 6. The methane concentration (%) of different plant materials and replacement levels at 
different incubation times in Exp 2. 

Item Material (M) % Replacement (R) 

Incubation time (day) R WH PG 10 20 30 40 50 

14 32.0 31.9 16.6 16.5 25.3 28.1 34.2 30.2 

28 58.9 51.8 16.6 28.4 43.2 45.7 50.9 44.0 

37 61.6 58.2 16.6 43.2 46.5 45.8 49.6 42.2 

60 59.7 56.0 24.0 55.5 47.3 42.9 47.1 40.0 

R: rice straw, WH: water hyacinth, PG: Para grass, M: material, R: % replacement. 
 

Table 7. The methane yield (m3/kgOM) of different plant materials and replacement levels at 
different incubation times in Exp 2. 

Item Material (M) % Replacement (R) 

Incubation time (day) R WH PG 10 20 30 40 50 

14 0.035 0.036 0.011 0.011 0.018 0.029 0.040 0.037 

28 0.108 0.099 0.011 0.03 0.065 0.082 0.096 0.088 

37 0.128 0.138 0.011 0.060 0.075 0.097 0.113 0.117 

60 0.149 0.161 0.019 0.082 0.085 0.108 0.130 0.143 

R: rice straw, WH: water hyacinth, PG: Para grass, M: material, R: % replacement. 
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Figure 1. The change of methane 

concentration of biogas production for 
syringes and flasks at incubation times 

In Table 7 showed that the methane 
production was higher for the water 
hyacinth and rice straw treatment and this 
was the highest value for the 50% 
replacement by materials. The time 
incubation to methane concentration 
reached to 60% of syringes (day 14) were 
earlier than flasks (day 28). A close 
relationship of biogas production between 
the flask and syringe systems (R2=0.89) 
was found in the present experiment. 

Similar results were obtained by Nguyen 
Van Thu et al (2008) with R2 = 0.86 and 
SE=0.038, when investigating biogas 
production effected by different inoculum 
sources and levels in both two systems.  

4. CONCLUSION AND 
RECOMMENDATIONS 
The conclusion was that rice straw and 
water hyacinth could be used as substrate 
sources to replace pig manure for biogas 
production. Rice straw and water hyacinth 
produced higher biogas yield compared to 
Para grass. The biogas production enhanced 
by increasing replacement levels of plant 
material to pig manure and gave the highest 
value at 50% levels. There was a close 
relationship of biogas production between 
syringes and flasks, so the method using 
syringes for in vitro experiments should be 
standardized to replace the flasks for an 
application. Experiments of higher 50% 
replacement levels (DM basis) of plant 
material to pig manure for in vitro biogas 
production should be considered. 
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ABSTRACT 
The environmentally friendly method for synthesising silver nanoparticles, using extract of piper lolot leaves 
(piper sarmentosum) – a well-known medicinal herb in Viet Nam used as an antibiotic was investigated. It was 
observe that the parameters such as reaction temperature, time and concentration of AgNO3strongly affected the 
size and concentration of AgNPs.  Obtained conditions for preparation of AgNPs were found to be 10 ml 5 mM 
AgNO3 in 5 ml of the extract, reaction temperature at 75 0C and 3 hours of reaction time. The AgNPs obtained in 
these conditions in the crystalline structure face-centered cubic (FCC), and spherical in shapeand average 
nanoparticle size ranges from 20 to 100 nm. The antimicrobial activities of the synthesized silver nanoparticles 
were carried out against E. coli strain by using the liquid LB as medium for microbial cells growth.  The results 
shown that prepared AgNPs exhibits greatly antimicrobial.  

Keywords: Piper lolot leaf, biosynthesis, silver nanoparticles, antimicrobial activity 
 

1. INTRODUCTION 
Silver nanoparticles (AgNPs) have unique 
optical, electrical and thermal properties that 
have been found uses in many applications 
in different fields of science and 
technologies [1]. With the high inhibition 
effecton microbial strains, AgNPs have been 
commonly used for antimicrobial coatings in 
biomedical devices, refrigerator, air 
conditioner, drinking water filter, wound 
dressings, etc [2].  

Synthesis of silver nanoparticles with desire 
properties will be a key for successful 
applications in practice. Many efforts have 
been made to control the formation and 
growth of silver nanoparticles such as sol-
gel process [3, 4], chemical precipitation 
[5], thermal decomposition [6], microwave 
[7], gamma radiation [8] and biological 
methods [9]. Among these methods, 
biological method have been much 
attention of scientists because they are of 
environmentally friendly, cost effective,free 
from toxic impurities. 

The extract from several plant leaves has 
been used as a reduce reagent to synthesize 

silver nanoparticles for biological 
application such as bamboo leaves [10], 
carob leaf [11], pine, persimmon, pinkgo, 
pagnolia and platanus [12-13]. The 
obtained silver nanoparticles by this method 
showed high effective antibacterial activity. 

In this research, we focus on the possibility 
of using the piper lolot leaf extract as 
ecofriendly reagent for preparation of silver 
nanoparticles. Piper lolot is 
a flowering vine in the Piperaceae 
family as“ la lot” in Vietnam. This plant 
grows wild in the forests, cool damp areas, 
such as shade along streams, in dust coast, 
under the big tree. In Vietnam, pipe lolot 
leaves are used in cuisine as a flavoring 
wrap for grilling meats. They are also used 
in medicine for treatment of bone pain, 
arthritis, rheumatism, sweaty palms, feet, 
digestive disorders, vomiting, flatulence, 
bloating, diarrhea, abdominal pain, diarrhea 
diseases [14]. 

The main objects of this study were to 
synthesize silver nanoparticles by green 
method using piper lolot leaf extract. Silver 
nanoparticles were characterized by various 
techniques such as UV/Vis, TEM and 
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XRD.  Further, the effect of AgNPs on 
E.coli bacteria strain B growth rate was 
examined by using liquid LB medium.  

2. EXPERIMENTAL 
2.1 Material and method 
2.1.1 Chemicals 
All chemicals used in this study are 
analytical grade. The 1M solution of silver 
nitrate was purchased from Merk. LB Broth 
EZMix™ Powder (Lennox) for cultivation 
E.coli obtained from Sigma Aldrich. 

2.1.2 Preparation of piper lolot leaves 
extract 
The piper lolot leaves were collected from 
vegetable gardens in Ho Chi Minh City. 10 g 
of piper lolot leaves were washed thoroughly 
with distilled water to remove any dust and 
air dried. The cleaned piper lolot leaves were 
ground to find powder and boiled in a 
glasses beaker with 20 ml of distilled water 
for 10 min. After cooling at room 
temperature, the mixture was filter through 
filter paper. The extract was collect, store in 
a glasses beaker and ready for use. 

2.1.3 Preparation of silver nanoparticles 
Preparation of silver nanoparticles was 
carried out by mixing an appropriate 
volume of piper lolot leaves extract with an 
appropriate volume of 5 mM silver nitrate 
solution in screw cap test tubes with 
capacity of 50 ml. The solution was 
shacked in water batch shaker. Effect of 
shacking time on the formation of silver 
nanoparticles at 70 0C was investigated by 
varying the time from from 0.5 to 4 hours. 
Effect of reaction temperature was studied 
by changing temperature from 40 to 70 0C 
with the reaction time is fixed for 3 hours. 
Effect of silver nitrate concentration on the 
formation of AgNPs was investigated by 
changing the volume of 5mM silver nitrate 
solution from 5, 7.5, 10, 15 and 20 ml while 
the extract volume was maintained (5 ml). 
The formation of AgNPs in the experiments 
was monitored and confirmed by UV/Vis 
spectroscopy. Characteristics of AgNPs 
such as size, morphology and structure 

were examined by transmission electron 
microscopy (TEM) and X-ray diffraction 
(XRD). To examine the effect of AgNPs on 
the bacterial growth, the method described 
by Sondi &Salopek-Sondi 2004 [15] was 
used.  E.coli bacteria (2.106 CFU/mL) were 
grown in each 50 ml of liquid LB medium 
containing 0, 40, 80 and 120µg/l of AgNPs. 
Growth rate was determined by measuring 
optical density (OD) at 600 nm. 

3. RESULTS AND DISCUSSION 
3.1 Synthesis of AgNPs  
The formation of AgNPs when piper leaf 
extract is mixed with solution of 5mM 
AgNO3 in 1:2 ratio, respectively at 700C for 
three hours. It was observed that the color 
of the extract changed from yellow to 
grayish brown of AgNPs.  The absorbance 
peak at 440 nm of AgNPs solution was 
recorded confirming the feasibility of using 
piper lolot leaf extract for AgNPs synthesis.  

3.2  Effect of reaction temperature 
Effect of reaction temperature on the 
formation of AgNPs using piper lolot 
extract as a reduce reagentwas determined 
by UV/Vis spectroscopy, which was shown 
on the surface plasmon resonance (SPR) 
bands [16-19] in Fig. 1.  

 
Figure 1. Effect of temperature on the 

formation of AgNPs, (a) at 400C, (b) at 500C, 
(c) at 600C and (d) at 700C 

The UV/Vis spectra recorded the formation 
of AgNPs at different temperature of 40–70 
°C. It was observed that absorption peak of 
AgNPs formed in the reaction media at 
different temperature posited at 445-454 nm. 
Also, the increase of reaction temperature 
leads to changing the shape of peaks, the 
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higher temperature the more broadened 
peak. The shift of the peak position and 
broadening peak at the higher reaction 
temperature can be explained by changing 
the size and concentration of AgNPs [20]. 
According to Smeli at al. (2012) [21], the 
spherical AgNPs contribute to the absorption 
bands at around 400 nm in the UV/Vis 
spectra. Thus, the prepared AgNPs in this 
study were spherical in shape.  

3.3  Effect of reaction time 
In general, the reaction rate of AgNPs 
formation process of AgNPs in plant leaf 
extracts usually occurs very slowly with a 
very complicated mechanism. The 
formation of AgNPs can be divided into 
two main stages including stage for Ag+ 
ions combining with the functional groups 
of organic compounds in the extract and 
stage for reducing Ag+ ion into Ag0. Each 
stage contributes significantly to the entire 
reaction rate. Thus, overall reaction time to 
form silver nanoparticles is one of 
important parameters to obtain the highest 
concentration, size and shape uniformity of 
AgNPs.The results of this study shown that 
the reaction times were increased (plot not 
shown), the intensity of SPR peak also 
increased to maximum at 180 min.  

3.4 Stability of silver nanoparticles 
The results of studies on the stability of 
AgNPs were found that after 3 h of reaction 
time at 700C, the intensity of AgNPs 
absorbance peak still increased in the 
incubation time at room temperature 
conditions up to three days that indicates 
the reducing process of Ag+ to Ag0 

continuously occurred. This phenomenon 
can be explained that  there is a small 
amount of Ag+  remains in the solution. 
After  3 to 30 days, the intensity of the 
absorbance peak was almost unchanged. 
After 30 days, the absorption peak intensity 
begins to decrease due to  deposition of 
silver nanoparticles.  

3.5  FTIR spectra analysis 
The FTIR spectra of piper lolot leaf extract 
and AgNPs-piper lolot leaf extract are 

shown in Fig. 2. In FTIR spectra of piper 
lolot leaf extract chitosan (a), the absorbance 
band around 3418 cm-1 which can be 
assigned to the stretching vibration of –OH 
and-NH groups. The peaks at 2858 cm-1and 
1382 are due to the –CH stretching vibration 
in –CH and –CH2 groups. The peak at 1726 
cm-1 characterizes C=O stretching mode. 
The peaks from 1618 to 1653 cm-1indicate 
the fingerprint region of CO and O-H groups 
[23]. Active function groups found in FTIR 
spectra of the piper lolot leaf extract may 
originate from bioorganic compounds such 
as piperin, piperidin.  We suggest that 
function groups in this compound are mainly 
involved in reducing and capping in the 
formation of AgNPs. The FTIR spectra of 
AgNPs – Piper leaf extract issimilar to that 
of the original, but the intensity of the peaks 
was reduced due to combination of Ago with 
active function groups. In addition, there 
some new peaks can be observed at 1361 
cm-1, 763 cm-1, 617 cm-1. These peaks can be 
assigned to the presence of silver 
nanoparticles. 

 
Figure 2. FTIR spectra of  (a) piper lolot 

extract and (b) AgNPs-extract 

3.6 XRD analysis 
Figure 3 shows the XRD spectra of silver 
nanoparticles.  As can be seen in the 
spectra, peaks at 2 θ values of 38.3182, 
44.4975, 64.6119, 77.5385 corresponding 
to (111), (200), (220) and (311) planes of 
silver is observed that the resultant particles 
are crystalline structure face-centered cubic 
(FCC) of   silver nanoparticles [24]. It also 
can be seen that there were no any other 
impurity phases that present in the XRD 
spectra. 
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Figure 3. XRD spectra of prepared AgNPs 

using the extract of piper lolot extract 

3.7  TEM Analysis 
A TEM image of the prepared AgNPs 
presents in Fig.4. TEM analysis shows that 
the AgNPs are predominantly spherical in 
shape with diameter in size range from 20 
to 100 nm.  It also observed the presence of 
secondary material capping, indicating 
bioorganic compounds of the piper lolot 
leaf extract.  

 

 

 
Figure 4. TEM images of synthesized silver 

nanoparticles for reaction time of 3 hours, at 700C 

3.8  Antibacterial activity 
The effect on the bacterial growth curve of 
E.coli bacteria of prepared AgNPs is shown 
in Fig.5. The bacterial growth of cells was 
inhibited by adding 0, 40, 80 and 120µ/l  
AgNPs. As shown in Fig.5, the bacterial 
growth curve strongly decreased after 1.5 h   
and more than 76.9 % bacterial cells were 
dead after 5 hours. In the concentration ≥ 
80 µg/l the bacterial growth becomes to 
unchanged indicating all bacterial cells 
dead. Thus, prepared AgNPs using the 
piper lolot leaf extract have very strong 
anti-microbial properties for E.coli bacteria. 

 
Figure 5. Growth curves of E. coli bacteria in 

LB medium in the presence of different 
concentrations of silver nanoparticles: (a): 0 

µg/l, (b) 40 µg/l, (c) 80 µg/l and 120 µg/l 

4.  CONCLUSION 
Green method was applied to prepared 
silver nanoparticles by using piper lolot leaf 
extract.  The results showed that the piper 
lolot leaf extract plays an important role in 
the reduction and stabilization of silver to 
silver nanoparticles. The conditions for the 
formation of silver nanoparticles were 
obtained in reaction time of 3 h and at 700C 
with ratio of 1:2 (v/v) for 5mM solution of 
AgNO3 and piper lolot leaf extract. The 
synthesized silver nanoparticles have 
excellent antibacterial activity against E. 
Coli bacteria. 
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ABSTRACT 
Experiment 1 (Exp 1) was a completely randomized design under in vitro conditions with six treatments and 
three replicates 10-L flasks. Treatments were the replacement of pig manure by water hyacinth juice (WHJ) at 
0%, 20%, 40%, 60%, 80%, and 100% (dry mass). The experiment period lasted 42 days. Biogas production 
between days 8 and 21 significantly differed between treatments (P < 0.01). Methane production was 0.261, 
0.223, 0.201, 0.190, 0.171, and 0.155 m3/kg OM (P < 0.001). The Exp 2 was an in vitro factorial design with the 
first factor being plant materials (rice straw, water hyacinth [Eichhornia crassipes] and Para grass [Brachiaria 
mutica]) and the second being the replacement ratios of plants to pig manure from 10, 20, 30, 40, and 50 (dry 
matter basis). The experimental period was 60 days. The methane concentration of rice straw on day 37 reached 
the methane concentration standard of biogas (61.6%), whereas that of water hyacinth and Para grass was 58.2% 
and 16.6%, respectively. In Exp 3, a 50-m3 bio-digester was used to evaluate biogas and electricity production 
with 3 levels of pig manure loaded daily (40, 60, and 80 kg fresh material). Methane production in the digester 
was high (61.2%) and sufficient for use as an energy source for electricity and cooking.  

Keywords: anaerobic fermentation, animal wastes, plant materials, green house gas, biogas digester 

 
1. NTRODUCTION 
In addition to animal and human wastes, 
plant materials can be used to produce 
biogas. Crop residues such as maize stalks, 
rice straw, cotton stalks, wheat straw, and 
water hyacinth (WH), enriched with partially 
digested cattle dung enhance gas production 
to 10–80% (El Shinnawi et al., 1989). 
Anaerobic digestion of rice straw is feasible 
(Zhang and Zhang, 1999). Rice straw is 
produced in large quantities in Vietnam, at 
about 18 million tons per year. The 
possibility of converting water hyacinth to 
biogas has been an area of interest for many 
years. Residue from the digestion process 
also provides a fertilizer rich in nutrients. In 
the Mekong delta the WH has been naturally 
produced with a large amount due to many 
canals and rivers.  The VIE/020 project was 
based on the hypothesis that water hyacinth 
was fractionated to roots, pressed stems, and 
leaves and juice for the manufacturing of 
organic fertilizers, silages, and biogas 
production, respectively (Lux-Development, 
2006). The use of biogas from pig manure 
for cooking is popular; however, its utility 

for electricity production has been limited. 
The objective of this study was to evaluate 
the feasibility of using water hyacinth juice 
(WHJ) and other plant materials as substrate 
sources for in vitro biogas production and 
the capacity of electricity produced from pig 
manure.  

2. MATERIAL AND METHODS 
2.1 Experimental design 
Experiment 1 (Ext 1) was a completely 
randomized design under in vitro conditions 
with 6 treatments and 3 replicates in 10-L 
flasks. Treatments included replacement of 
pig manure with water hyacinth juice 
(WHJ) at 0%, 20%, 40%, 60%, 80%, and 
100% (dry mass). The organic matter (OM) 
content of pig manure and WHJ was 98.8% 
and 77.2%, respectively. The experiment 
lasted 42 days, during which WHJ and 
manure were supplied daily (5 g OM). Exp 
2 was a factorial in vitro design. The first 
factor was plant materials (rice straw, water 
hyacinth [Eichhornia crassipes], and Para 
grass [Brachiaria mutica]) and the second 
factor was replacement ratios of plants to 
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pig manure (10%, 20%, 30%, 40, and 50% 
[dry mass]). The experimental period was 
60 days. In Exp 3, a 50-m3 bio-digester was 
used to evaluate biogas and electricity 
production with daily loads of 40, 60, and 
80 kg fresh pig manure. Each loading 
period was 40 days, after which the 
standard addition of 40 kg manure 
continued for 10 days to stabilize gas 
production before the start of the next 
manure-loading period.  

2.2 Substrates and inoculum 
In Exp 1, 300 g fresh pig manure, 670 mL 
medium, and inoculum were placed in a 10-
L flask. Biogas and methane production 
were measured weekly for 5 weeks. WHJ 
was added daily beginning in week 6 and 
the experiment continued for 21 days.  

In Exp 2, pig manure was collected directly 
from pigs housed at the Can Tho University 
pig farm. Rice straw, water hyacinth, and 
Para grass were dried under sunshine and 
chopped into small pieces (~5 mm). We 
analyzed their dry-matter composition to 
calculate the replacement weight. Pig 
sludge was incubated in flasks for 80 days 
and used as the inoculum source. 

2.3 Chemicals, measurements, and 
equipments 

Buffer and media were prepared according 
to Menke and Steingass (1988). The media 
and inoculum were mixed in a 5:1 ratio 
(ml/g), filtered through 2 layers of cloth, 
warmed in a 39°C water bath, and flushed 
with CO2. Gas was collected in bags and 

the biogas volume, CH4 concentration, and 
CO2 concentration were measured with a 
GA94 (Geotechnical Instruments, 
Germany) on days 8 to 21 in both 
experiments. In Exp 3, the gas was 
measured daily; however, measurements 
began 10 days after initiation of each 
loading level. Biogas was filtered to remove 
H2S and moisture, and then measured with 
the gas meter RITTER (Germany) and 
stored in 500-m3 plastic containers. The gas 
was sampled and analyzed for CH4 and 
CO2. An electric generator (model S112J) 
and diesel engine (28 Hp/2200 RPM) were 
adapted for an electric motor (A.C. Synch 
Generator 15KVA, 400V, 28.5A) and used 
to measure electricity production. Two 
water pumps (2 Hp and 3 Hp) and 16 
electric bulbs of 200 W were used for this 
purpose, while the generator was operated 
for 3 h at a time. Measurements were 
repeated on 12 days. 

2.4 Statistical analysis 
In Exp 1 and 2, data were analyzed by 
ANOVA (General Linear Model), whereas 
Tukey’s test was used to compare means 
(Minitab, 2000). Exp 3 data were analyzed 
using descriptive statistics, and the t-test 
was used for treatment comparison 
(Minitab, 2000).  

3. RESULTS AND DISCUSSION 
3.1 Exp 1 
Biogas production (m3/kg OM) and 
methane concentration (%) in Exp 1 was 
shown in Table 1. 

 

Table 1. Biogas yield and methane production (m3/kg OM) from varying levels of WHJ and 
pig manure (dry mass) from day 8 to 21 (Exp 1) 

Item Treatment 
WH0 WH20 WH40 WH60 WH80 WH100 P 

Biogas, m3/kg OM 0.439a 0.378c 0.327b 0.317b 0.283cd 0.251d 0.001 
CH4, m3/kg OM 0.261a 0.223ab 0.201bc 0.190c 0.171cd 0.155d 0.001 

WHJ0, 20, 40, 60, 80, and 100: water hyacinth juice replacing pig manure at 0%, 20%, 40%, 60%, 80%, and 
100%. Different letters in the same row indicate significant difference at 95% confidence. 
 

In general, accumulated biogas yield 
significantly differed among the treatments 
(P< 0.05) between day 8 and 21, with the 

highest value associated with WHJ0; gas 
production decreased in proportion with 
increasing WHJ replacement of pig 
manure (0%, 20%, 40%, 60%, 80%, and 
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100%). Methane production followed a 
similar pattern, with the highest value at 
WHJ0 and the lowest value at WHJ100. 

The effect of replacement of pig manure 
with WHJ on methane production is shown 
in Fig. 1 (R2 =0.961). 

 
Table 2. Methane concentration (%) at varying WHJ replacement levels over time (Exp 1) 

Day    Treatment    
WHJ0 WHJ20 WHJ40 WHJ60 WHJ80 WHJ100 P 

8–14 58.2a 58.6a 62.7b 59.2ab 60.1ab 61.1ab 0.023 
15–21 60.7 58.9 59.9 60.5 60.6 62.6 0.453 

WHJ0, 20, 40, 60, 80, and 100: water hyacinth juice replacing pig manure at 0%, 20%, 40%, 60%, 80%, and 
100%. Different letters in the same row indicate significant difference at 95% confidence. 

The accumulated values of methane yield 
significantly differed (P<0.05) between 
treatments from day 8 to 14; however, the 
difference was not significant (P>0.05) 
between 58.9% and 62.6% (Table 2). 
Kossmann et al. (2007) reported that the 
biogas yield and methane content of pig 
manure at the end of 10- and 20-day 

retention time at approximately 30°C was 
0.34–0.55 m3/kg OM and 65–70%, 
respectively. The biogas yield in this 
experiment was higher than that reported 
by Songkasiri (2004), who used pig 
manure in Thailand and obtained 0.217 
m3/kg OM. 

3.2 Exp 2 
 

Table 3. The biogas yield (m3/kg OM) of different materials, replacement levels, and incubation 
times (Exp 2) 

 Material (M) % Replacement (R) P 
Incub. time 
(day) 

R WH PG 10 20 30 40 50 
 

M 
 

R 
 

M*R 
14 105a 105a 64.9b 67.7d 67.8d 94.9e 116e 111e *** *** *** 
28 229a 209a 64.9b 107d 149e 181f 206f 195f *** *** *** 
37 262a 280a 74.9b 160d 165d 195e 234ef 247f *** *** *** 
60 296a 323a 86.7b 197d 181d 225e 270f 304f *** *** *** 

R: rice straw, WH: water hyacinth, PG: Para grass, M: material, R: replacement (%). Different letters in the 
same row in material (M) and replacement (R) columns indicate significant difference at 95% confidence. 
 

Table 3 showed that biogas production for 
rice straw, water hyacinth, and Para grass 
on day 60 was 0.296, 0.323, and 0.0867 
m3/kg OM, respectively. The European 
Energy Manager (IHK, 2010) showed that 

the biogas yield of cut grass was 0.125 
m3/kg. In flask experiments, biogas 
production was highest with water 
hyacinth, but the syringe experiment 
showed the highest yield with rice straw. 
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This could be explained by the fact that 
rice straw comprises ligno-cellulose, 
containing primarily cellulose and hemi-
cellulose. Ligno-cellulose is difficult to 
degrade with conventional anaerobic 
digestion. Kossmann et al. (2007) reported 
that biogas yields for rice straw and water 

hyacinth at the end of 10- and 20-day 
retention time at 30°C were 0.170–0.280 
and 0.375 m3/kg OM, respectively. 
Accumulated gas production significantly 
increased with increasing plant 
replacement levels from 10 % to 50 % 
(DM) from day 37 to 60.  

 

Table 4. The methane concentration (%) of different materials, replacement levels, and incubation 
times (Exp 2) 

 Material (M) % Replacement (R) P 
Incub. time 
(day) 

R WH PG 10 20 30 40 50 M R M*R 

14 32.0a 31.9a 16.6b 16.5d 25.3e 28.1e 34.2f 30.2ef *** *** *** 
28 58.9a 51.8a 16.6b 28.4d 43.2e 45.7e 50.9f 44.0e *** *** *** 
37 61.6a 58.2a 16.6b 43.2d 46.5de 45.8de 49.6de 42.2d *** *** *** 
60 59.7a 56.0a 24.0b 55.5d 47.3e 42.9e 47.1de 40.0e *** *** *** 

R: rice straw, WH: water hyacinth, PG: Para grass, M: material, R: replacement (%). Different letters in the 
same row indicate significant difference at 95% confidence. 
 
The methane concentration of rice straw at 
day 37 reached the biogas standard at 
61.6%, whereas that of water hyacinth and 
Para grass was 58.2% and 16.6%, 
respectively. On day 37, the methane 
concentration significantly differed among 
the treatments, ranging from 42.2% to 
49.6% (Table 4). Nguyen Van Thu et al. 

(2008) reported that the methane 
concentration of biogas ranged from 62.0% 
to 74.7% on day 22 of incubation, when 
using different inocula with pig manure as 
the substrate.  

Methane production in Exp 2 is described 
in Table 5. 

 

Table 5. The methane yield (m3/kg OM) of different materials, replacement levels, and incubation 
times (Exp 2) 

Incub. 
time 
(day) 

Material (M) % Replacement (R) P 

R WH PG 10 20 30 40 50 M R M*R 

14 0.035a 0.036a 0.011b 0.011d 0.018d 0.029de 0.040e 0.037e *** *** *** 
28 0.108a 0.099a 0.011b 0.030d 0.065e 0.082ef 0.096f 0.088f *** *** *** 
37 0.128a 0.138a 0.011b 0.060d 0.075d 0.097de 0.113e 0.117e *** *** *** 
60 0.149a 0.161a 0.019b 0.082d 0.085d 0.108e 0.130f 0.143f *** *** *** 

R: rice straw, WH: water hyacinth, PG: Para grass, M: material, R:  replacement (%). Different letters in the 
same row indicate significant difference at 95% confidence. 
 

Methane yields were significantly higher 
for rice straw and water hyacinth, but poor 
for Para grass. The methane yield was 
similar to the biogas production pattern on 
days 37 and 60 with the highest value at 
50% replacement. 

3.3  Exp 3 
The chemical composition of pig manure is 
shown in Table 6.  

Table 6. Chemical composition (%) of pig 
manure (Exp 3) 

 DM OM Ash C N C/N 
Pig 

manure 
30.5 66.1 33.9 37.0 1.71 21.6 

The dry matter (DM) and OM content of 
pig manure was 66.1%, whereas the C:N 
ratio was 21.6. These values are similar to 

430 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

those (66.13 and 22, respectively) obtained 
by Nguyen Huu Phong (2009).  

Table 7 presents biogas and methane 
production achieved at different levels of pig 
manure loading into the 50-m3 bio-digester.

 

Table 7. Daily biogas and methane production (n = 30) with different manure loads (Exp 3) 
 Fresh pig manure loaded, kg/day P 

40 
(X ± SD) 

60 
(X ± SD) 

80 
(X ± SD) 

40–60 40–80 60–80 

Biogas (m3/day) 3.97 ± 0.91 4.27 ± 1.54 5.12 ± 0.95 Ns *** * 

Biogas (m3/kg OM) 0.492 ± 0.113 0.352 ± 0.128 0.328 ± 0.062 *** *** ns 

CH4 (m3/d) 2.43 ± 0.56 2.59 ± 0.93 3.15 ± 0.58 Ns *** * 
CH4 (m3/kg OM) 0.30 ± 0.069 0.21 ± 0.007 0.20 ± 0.039 *** *** ns 

 

Biogas production per day increased with 
increasing levels of manure feeding (40, 
60, and 80 kg/day yielded 3.97, 4.27, and 
5.12 m3/day, respectively); however, 
biogas production per kg OM was reduced. 
There was a significant reduction of biogas 
production (P<0.001) at 80 and 60 kg 
versus 40 kg manure. Methane production 
per kilogram OM was similar to the pattern 
of biogas production.  

Table 8. Methane percentage of the biogas, 
electricity production, and biogas consumed by 
a 15 kVa generator with a diesel motor (Exp 3) 
 CH4 

(%) 
Electricity 
production 
(kWh/m3) 

Biogas 
consume
d (m3/h) 

Average 
(n = 12) 

61.2 1.31 3.91 

STD 2.03 0.13 0.63 

CV% 3.32 10.0 16.1 

Methane production in the digester was 
high (61.2%) and good for use as a source 

of electricity or energy for cooking. This 
result was higher than that reported by 
Nguyen Huu Phong (60.6%). Table 8 shows 
that electricity production and the amount 
of biogas consumed were similar to those 
reported by Tran Trung Tinh et al. (2009): 
1.31 kWh/m3 and 3.91 m3/h, respectively.  

4. CONCLUSIONS 
It was concluded that juice from pressed 
water hyacinth could be used in place of 
pig manure for biogas production. 
However, biogas and methane production 
decreased in proportion to increasing 
percent replacement. Potential biogas 
production of rice straw and water 
hyacinth was higher than that of Para 
grass, and a 50% replacement level yielded 
the highest biogas and methane production. 
Pig manure associated with various uses of 
water hyacinth was a great potential source 
of biogas electricity.  
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ABSTRACT 
An experiment was done aiming to abate the green house gas emissions by supplementing Tra fish oil in diets of  
growing cattle at Hoa An Research Center of Can Tho University. It was a 4x4 Latin square design with 4 
growing Lai Sind cattle around 180 ± 11.2 kg (X±SE) and four treatments were the rice straw and concentrate 
(1), rice straw, concentrate + 1% Tra fish oil (2), rice straw, concentrate + 2 % Tra fish oil (3) and rice straw, 
concentrate + 3% Tra fish oil (4) corresponding to the TFO0, TFO1, TFO2 and TFO3 treatments. In all the 
treatments the rice straw will be fed ad libitum, while concentrate (16 % CP and 3000 kcalME/kgDM) was fed at 
a level of 1 kg per 150 kgLW. The results showed that there was a linear relationship between methane 
production (L CH4/kgDMI) reduced when increasing the Tra fish oil in the diets of cattle with R2 = 0.892 (y= -
0.93x +31.27, P=0.05, SE=0.51) and the CH4 production was significantly different (P<0.05) among the 
treatments with the lowest value for the TFO3 treatment. The recomenedation was that studies of 
supplementation of catfish oil more than 3 % in the cattle diets should be considered to evaluate GHG emissions 
and growth performance for farmers’ practices. 

Key words: cattle production, environmental conservation, supplements, reduction, feeding. 

 
1. INTRODUCTION 
Many dietary strategies have been proposed 
to lower methane production in ruminants, 
although most of these have only been 
tested in in vitro experiments. In the 
Mekong delta the production of Tra fish 
(Pangasius hypophthalmus) was about 
5,400 ha and 645,000 ton in 2010 (Vasep, 
2011). As a result the byproduct as Tra fish 
oil was also at a big amount. In recent years 
some results of studies presented that the 
supplementation of animal fat in the 
ruminant diets reduced the methane 
production (Beauchemin, 2007). Rice 
production in the Mekong delta is the main 
product for domestic consumption and 
exportation. Beef cattle production is 
traditionally raised for income of the 
producers in the Mekong delta provinces of 
Vietnam. Thus the rice straw utilization for 
improving the number of cattle head has a 
significant importance. This study aimed to 
evaluate CH4 production, nutrient intake 
and digestibility and rumen parameters of 
growing cattle fed rice straw by fish oil 

supplementation for the further research on 
using them in the diet to reduce the green 
house gas emissions.    

2. MATERIALS AND METHOD 
2.1 Experimental design 
The experiment will be a 4x4 Latin square 
design with the growing Lai Sind cattle 
with the live weight around 180 ± 11.2 kg 
(X±SE). Four treatments were the rice 
straw and concentrate as control (1), rice 
straw, concentrate + 1% Tra fish oil (2), 
rice straw, concentrate + 2 % Tra fish oil 
(3) and rice straw, concentrate + 3% Tra 
fish oil (4) corresponding to the TFO0, 
TFO1, TFO2 and TFO3 treatments. In all 
the treatments the rice straw will be fed ad 
libitum, while concentrate (16 % CP and 
3000 kcalME/kgDM) will be fed at a level 
of 1 kg per 150 kgLW.  

2.2 Chemical analyses and GHG 
measurements 

The experimental period was 14 days with 
7 days for adaptation and then 7 days for 
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sampling. The measurements of GHG 
emissions, nutrient digestibility, rumen 
parameters and N balance will be over the 
last 7 days. During the 7 days collection 
period, feeds offered and refused, feces and 
urine will be collected daily, and the rumen 
liquid was collected via an esophagus tube 
before and 3 hours post feeding, weighed 
and pooled weekly for analysis. The 
samples were analyzed for DM (dry 
matter), OM (organic matter), CP (crude 
protein), neutral detergent fiber (NDF) and 
Ash. DM, OM, Ash and nitrogen (N) were 
analyzed according to the standard methods 
of AOAC (1990), NDF was determined by 
the methods of Van Soest et al., (1991). 
Rumen NH3-N concentration was 
determined by the method of Kjeldahl and 
by Barnet and Reid (1957) for rumen 
volatile fatty acids (VFAs) concentration. 
Apparent digestibility coefficients for DM, 
OM, CP, NDF, ADF and nitrogen retention 
were determined by the method described 
of Japan Livestock Technology Association 

(2000). Nitrogen retention and daily weigh 
gain will be also measured. CH4 and CO2 
production, which will be measured over a 
24 h period with three consecutive days 
while the cattle heads were in ventilated 
hood following the method described by 
Bhatta et al. (2007). Concentrations of CH4 
and CO2 in chamber were automatically 
recorded during the measurement period by 
using Infrared Gas Analyzer, Model IR200, 
Style: S3; YOKOGAWA, Japan.  

2.3 Statistical analysis 
The data were subjected to an analysis of 
variance (ANOVA) using the Linear Model 
procedure (GLM) following the 4x4 Latin 
square design of Minitab version 13.21. When 
the F test is significant (p<0.05), Tukey’s test 
for paired comparisons will be used. 

3. RESULTS AND DISCUSSION 
The chemical composition of feeds was 
presented in Table 1. 

 
Table 1. The chemical composition of feeds used in the experiment 

Feed DM OM CP EE CF NDF ADF Ash 

Rice straw 90.8 86.6 4.60 3.23 31.8 68.6 41.2 13.4 

Coconut cake meal 88.6 95.4 17.0 10.8 21.9 59.9 42.7 4.60 

Soybean cake meal 90.0 94.1 31.6 2.61 5.33 31.3 14.4 5.92 

Bone meal 95.6 33.0 21.5 5.51 0.31 4.73 3.93 67.0 

Broken rice 86.5 98.7 7.51 1.50 0.58 4.50 1.23 1.35 

Rice bran 89.7 89.6 12.8 12.8 8.45 25.9 9.44 10.4 
DM: dry matter, OM: organic matter, CP: crude protein, EE: Ether extraction, CF: crude fiber, NDF: neutral 
detergent fiber, ADF: acid detergent fiber. 

 

The chemical composition of rice straw fed 
cattle in the experiment was similar to that 
reported by Rahman et al. (2009) being 
3.20 % CP, 67.4 % NDF and 45.2 %NDF 
(DM basis). The chemical composition of 

ingredients for concentrate was also showed 
in Table 1. 

The nutrient intakes and digestible nutrients 
of cattle in the experiment were showed in 
Table 2.   
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Table 2. Nutrient intakes and digestible nutrients of cattle supplemented Tra fish oil levels 

Item 
Treatment 

  TFO0 TFO1 TFO2 TFO3 ±SE P 
Nutrient intake, kg 

         DM 4.89 4.9 4.89 4.83 0.077 0.918 
   OM 4.44 4.46 4.44 4.41 0.072 0.972 
   CP 0.427 0.424 0.424 0.417 0.006 0.657 
   NDF 2.75 2.70 2.63 2.63 0.047 0.261 
   ADF 2.03 1.99 1.95 1.93 0.029 0.156 
Digestible nutrients, kg 

         DM  2.97 2.96 2.96 2.94 0.089 0.992 
   OM 2.79 2.77 2.71 2.66 0.068 0.517 
   CP 0.28 0.30 0.29 0.28 0.007 0.410 
   NDF 1.83 1.75 1.69 1.76 0.05 0.360 
   ADF 1.24 1.18 1.14 1.17 0.043 0.525 

DM: dry matter, OM: organic matter, CP: crude protein, EE: Ether extraction, CF: crude fiber, NDF: neutral 
detergent fiber, ADF: acid detergent fiber. 
TFO0, TFO1, TFO2 and TFO3: Tra fish oil supplemented at 0, 1, 2 and 3 % (DM basis), respectively 

 
In general Table 2 showed that the nutrient 
intakes and digestible nutrients of cattle 
supplemented different levels of catfish oil 
were not significantly different (P>0.05) 
among the treatments. Beauchemin et al. 
(2007) compared animal fat (tallow) and 

sunflower oil (about 48 percent higher 
unsaturated FA concentration in the diet); 
both supplemented at 3.4 percent of dietary 
DM, and reported no effect on DM and 
NDF digestibilities, feed intake and average 
daily weight gain in cattle.  

Table 3. Rumen parameters and nitrogen intake and retention of cattle supplemented different 
levels of Tra fish oil. 

Item 
Treatment 

±SE P TFO0 TFO1 TFO2 TFO3 
Rumen parameters 

          pH at 0 h 6.92 6.93 6.86 6.89 0.095 0.478 
    pH at 3 h after feeding 6.86 6.94 6.80 6.79 0.092 0.190 
    N-NH3 at 0 h, mg/100ml 14.2 12.3 12.6 13.65 1.66 0.399 
    N-NH3 at 3 h after feeding,  mg/100ml 14.7 15.8 15.2 15.4 2.12 0.913 
    VFAs at 0 h, mM 76.4 77.28 87.2 86.1 4.71 0.144 
    VFA at 3 h after feeding, mM 103 106 107 118 21.3 0.832 
Nitrogen intake & retention 

         N intake, kg/ani./d 0.068 0.068 0.068 0.067 0.001 0.66 
   N retention, kg/ani./d 0.032 0.030 0.029 0.032 0.002 0.782 
   N retention kg/kgLW/d 0.037 0.038 0.039 0.034 0.003 0.727 

TFO0, TFO1, TFO2 and TFO3: Tra fish oil supplemented at 0, 1, 2 and 3 % (DM basis), respectively 
 

In Table 3 showed that the rumen 
parameters and nitrogen intake and 

retention of cattle were similar (P>0.05) in 
different treatments, however, the rumen N-
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NH3 and VFAs concentrations were higher 
at 3 h after feeding as compared to those at 
0 h. Nguyen Van Thu and Nguyen Thi Kim 
Dong (2012) studied on sheep 
supplemented Tra fish oil at the level of 0, 

1, 2 and 3 % (DM basis) reported that daily 
nutrient intake and digestibility, and the 
rumen parameters of sheep were generally 
not significantly different (P>0.05) among 
the treatments.    

Table 4. GHG production of cattle supplemented different Tra fish oil levels 

Item 
Treatment 

±SE P CFO0 CFO1 CFO2 CFO3 
CO2, L/cattle/d 1531 1526 1521 1497 18 0.572 
CH4, L/cattle./d 153 148 147 136 4.41 0.136 
CO2, L/ kg LW 7.84 7.84 7.81 7.68 0.095 0.618 
CH4, L/kg LW 0.777 0.762 0.750 0.698 0.019 0.101 

The green house gas production by the 
cattle was presented in Table 4, Fig 1 and 2. 
The CH4 and CO2 production (L/cattle/day 
and L/kg LW) had a tendency of reduction 
when increasing the TFO levels in the 
treatments, however, they were not 
significantly different (Table 4). The CH4 
production (L/cattle/d) was lower than that 
reported by Vu Chi Cuong (2012) being 
207 L/cattle/d, but similar to that stated by 
Chuntrakort et al. (2013) being from 135.4 
to 171.5 L/cattle/d.  

 

 
a, b and c: Different letters in the columns indicate 
significant difference at 95% confidence 

In Fig. 1 the results showed that there was a 
linear relationship between methane 
production (L CH4/kgDMI) reduced when 
increasing the Tra fish oil in the diets of 
cattle with R2 = 0.892. While in the Fig. 2 
the CH4 production (L CH4/kg Digestible 
DM) was significantly different (P<0.05) 
among the treatments with the lowest value 
for the TFO3 treatment. Hegarty (1999) 
reported that the depression in CH4 
production with addition of unsaturated fats 
has been attributed to the fact that these 
fatty acids can serve as electron acceptors 
during biohydrogenation in the rumen. 
Long-chain fatty acids are non-fermentable 
and therefore may decrease the percentage 
of CH4 that can be produced (Johnson and 
Johnson, 1995). This reduction in CH4 
production was attributed to a decrease in 
fermentable substrate rather than to a direct 
effect on methanogenesis. 
The CH4 production (L/kgDMI) in the 
present study was similar to that stated by 
Vu Chi Cuong (2010) being 30.2 L/kgDMI 
and Terada (2001) being 30.0 L 
CH4/kgDMI. Nguyen Van Thu and Nguyen 
Thi Kim Dong (2012) concluded that there 
was a consistent reduction of CH4 
production investigated between in vitro 
and in vivo experiments when 
supplementing the TFO in the substrates 
and diets, respectively. No significant 
difference of nutrient intakes and 
digestibilities and rumen parameters of 
sheep were found in the studies. Similarly, 
Beauchemin et al. (2007) also stated that 
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methane production of ruminants was 
reduced by about 12 percent by both lipid 
sources of animal fat and sunflower.  

4. CONCLUSION AND RECOMMEN-
DATION 

- Supplementing Tra fish oil to basal rice 
straw diets of cattle from 1 to 3 % (DM 
basis) was gradually reduced methane 

production and did not cause any negative 
effects on feed intakes, nutrient digestibility 
and rumen parameters.   

- The studies of supplementation of Tra fish 
oil more than 3 % in the cattle diets should 
be considered to evaluate GHG emissions 
and growth performance for farmers’ 
practices. 
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ABSTRACT 
This study applied the Soil and Water Assessment Tool (SWAT) model to assess water discharge in the DakB’la 
watershed, Vietnam. Water discharge is an important hydrological parameter which defines the shape, size and 
course of a stream. The results of monitoring flow discharge can provide useful information for flood forecasting, 
predicting sediment loads and assessing the impact of climate change to water resource. This study focused on 
quantifying the impact of topographic, land use, soil and climatic conditions on water discharge in the DakB’la 
watershed, Vietnam using SWAT. In this integration, a GIS provides a graphical user interface and supplies 
required SWAT input data including elevation, soil properties, land use and weather data. SWAT is then used to 
simulate the hydrology of the watershed, as a function of the input data, delineated watershed (subdivided into 
subwatersheds), accounting of different physical processes, and finally display of discharge output data. The 
simulation results for the period 2000 to 2010 represent fluctuation of discharge relatively well, as indicated by 
the computed R2 and NSI values which were both above 0.7. This result shows that SWAT can be used for 
predicting the effect of changing land use and conservation practices on water discharge within the watershed, in 
support of water quantity and quality assessments. 

Keywords: discharge, monitoring, GIS, input data, physical processes, SWAT simulations. 
 

1. INTRODUCTION 
Climate change is one of the greatest 
challenges to human life in the 21st century. 
Effects of climate change impacts on all 
areas of human life, especially the flow of 
river basin. In recent years, flooding and 
droughts occur frequently DakB'la River 
basin, besides the demand for water for 
domestic use and agricultural production 
has increased strongly affect the financial 
water resources.  

To solve these problems, firstly to assess 
water flow DakB'la Basin. Together with 
GIS, SWAT is one of many hydrological 
models to help calculate the water discharge 
more accurately, easily and quickly than the 
traditional measurement methods. This is a 
basin-scale model integrated with GIS 
technology which helps improve the 
accuracy of simulated result of water 
discharge from rainfall and physical 
properties of the basin. In this integration, 
GIS supplies input data and creates 
graphical user interface for SWAT, while 

SWAT operates input data to simulate 
different physical processes in the basin.[1]  

Objectives :The research aimed to assess 
fluctuations and find out the rule of water 
discharge in DakB’la watershed in Vietnam 
by simulating the stream flow from digital 
elevation model (DEM), land use, soil and 
weather data using SWAT model and GIS.  

2 MATERIALS AND METHODS 
2.1 Study area description 
DakB'la Basin is 152 km long, with an area 
of 3507 km2, originated Ngoc Krinh 
Mountains where the altitude from 1700 to 
1850 meters in the northeast province of 
Kon Tum, passes two provicesKon Tum and 
Gia Lai in Central Highlands of Vietnam 
(Figure 1).  DakB'la Basin has the quite 
developed river system with an average 
density of rivers from 0.48 to 0.50 km/km2.  

The river system is located between two 
branches of Ngoc Krinh mountain system. 
Because the two systems have different 
heights, the north of the basin DakB'la 
receives rainfall caused by the northeast 
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monsoon, the rainfall is caused during 
October and November when storms or 
tropical depressions associated with 
enhanced cold air. The south of the basin is 
very convenient to pick southwest monsoon. 
The combination of the natural 
geographical factors, terrain was cleaved 
and relative high rainfall has created for 
DakB'la Basin has a hydrographic network  
with density of rivers and streams is quite 
thick, abundant water resources.[2]. 

 
Figure 1. Overview of DakB’la basin 

2.2  Brief description of SWAT 
The Soil & Water Assessment Tool (SWAT) 
is a watershed-scale model, developed by Dr. 
Jeff Arnold for the USDA Agricultural 
Research Service (ARS) in the early 1990s 
(Susan L. Neitsch et al., 2009). This model 
is primarily used to predict and evaluate the 
effect of long-term land cover and land 
management practices on the quantity and 
quality of water, sediment, crop growth and 
nutrient cycling. It can estimate the amount 
of water that contributes to stream flow and 
the relative sediment, nutrient, and pesticide 
losses under different conditions and 
management scenarios.[3] 

SWAT allows modeling of different 
physical processes on the same basin, the 
basin may be divided  into a number of 

sub-basins depending on the number of 
reach outlets, and then further the sub-basins 
divided into HRUs by using the landuse, soil 
type and slope classification that have 
homogeneous hydrologic response 

2.3  Data requirement 
Data required for this study was collected 
from the local source (Department of 
Natural Resources & Environment in Kon 
Tum and Gia Lai provinces) and global 
source (METI/NASA, FAO) including 
topography, land use, soil, weather and 
observed discharge (Figure 2) 

For Topography, DEM data was extracted 
from ASTER Global Digital Elevation 
Model (ASTER GDEM) of METI/NASA, 
with a spatial resolution of 30 m; 

(a) (b) 

  

(c) (d) 

  

Figure 2. GIS Data of study watershed:(a) DEM, 
(b) Soil, (c) Land use, (d) Weather stations 

Land use map in 2009 (1:25.000) was 
collected from Department of Natural 
Resources & Environment in Kon Tum and 
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Gia Lai provinces including 12 land use/ land 
cover classes in which almost the types of 
forest, the next is cropland and urban areas. 

Soil map was taken from the Soils and 
Fertilizers research institude. In the research 
watershed, there are eight types of soil, 
including ferralicacrisols, humicacrisols, 
humicferrasols, rhodicferralsols, 
umbricgleusols, cambicfluvisols, 
dystricfluvisols  and water. 

Weather data was extracted from global 
source (NCEP), including temperature, 

Precipitation,  Humidity, solar and wind 
parameters, served as input for the model 
within the period of 2000-2010. 

Observed discharge data was prepared at 
the Kontum monitoring station in 
theDakB’la basin and was recorded by 
Department of Natural resources and 
Environment Kon tum. Observed discharge 
used for evaluation, calibration and 
validation process. 

 

Figure 3. SWAT Application in DakB’la watershed, Vietnam 
 

2.4  SWAT Implementation 
The SWAT model approach applied to the 
case study DakB’la basin is shown in 
Figure 3. With all the input data mentioned 
below , the main steps of the procedure are: 
watershed delineation, HRUdefinition, 
Weather station setup, run SWAT and the 
output of the model corresponding (i) 
evaluation, (ii) calibration and (iii) 
validation. 

2.5  Model Evaluation 
The SWAT model was evaluated using 
observed discharge data. The coefficient of 
determination (R2) [4] (P. Krause et al., 

2005) and Nash – Sutcliffe Index (NSI)[5] 
(Nash, J.E. and J.V. Sutcliffe, 1970) were 
used to evaluate the model performance.  

Althought R2 has been widely used for 
model evaluation, but it is oversensitive to 
high extreme values and insensitive to 
additive and proportion differences between 
model predictions and measured data. 
R2 value ranges from 0 – 1, shows the 
correlation between the observed versus the 
simulated values.  

NSI is a normalized statistic that determines 
the relative magnitude of the residual 
variance compared to the measured data 
variance, NSI value ranges from -∞ to 1, 
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indicates how well the plot of the observed 
versus the simulated values fits the 1:1 line.  

If the R2 and NSI values are less than or 
very close to zero, the model performance is 
considered unacceptable or poor. In contrast, 
if the values are equal to one, then the model 
prediction is considered to be perfect. 

The formula for NSI and R2calculations are 
as follows: 

 

 
whereOi is the observed discharge at time i, 
O� is the average observed discharge, Pi is 
the simulated discharge at time i, P� is the 
average simulated discharge, and n presents 
the number of registered discharge data. 

2.6 Model Calibration and Validation 
After evaluation, calibration was done in 
adjusting the model parameters based on 
checking model results versus observed 
data. In this process, model parameters are 
varied until recorded flow patterns are 
accurately simulated. The parameters 
which improved the model performance 
are CN2, ALPHA_BF, GW_DELAY and 
GWQMN. [6] 
Monthly observed rainfall and temperature 
data in period from 2001 to 2011 and 

corresponding observed discharge data 
were used for calibration of the model. Out 
of this, 5 years of data (from 2001 to 2005) 
has been used for calibration and the rest 
(2006 to 2011) for validation.   

SUFI-2 in the SWAT-CUP program[7] was 
used for parameter optimization. The 
evaluation of calibration has been done by 
using Graphical Procedure, the coefficient 
of determination (R2) and Nash – Sutcliffe 
Index (NSI). 

3. RESULTS AND DISCUSSION 
3.1  Model Evaluation 
Based on the distribution chart of observed 
and simulated discharge in Kon Tum is 
shown in Figure 4a and 4b, comparing the 
observed with simulated discharge during 
the period of 2001-2011 shows that the 
simulation results were relatively well. In 
this stage, the R2 was 0.734 and NSI was 
0.58.  

 
Figure 4a. 
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Figure 4b. Observed and simulated flow before calibration in 2001-2011 
Based on Rainfall data, obviously, the 
overall pattern of discharge variation at Kon 
Tum is determined by the fluctuation of 
precipitation. During months of heavy rain, 
the discharge is usually greater, the rest 
(especially during the dry season) the 
discharge is very small. However, water 
discharge values differ for each year. 

In general, the flood season on sub-basin 
was defined (from July  to November) with 
an average water discharge was 164.8 m3/s, 
whereas the average rainfall was 263.2 mm .  
In the dry season (from December to June of 
the following year),  an average water 
discharge was low, reaching only 29.3 m3/s 
and the corresponding average rainfall was 
82.7 mm 

3.2 Calibration and Validation  
After evaluation, the model was calibrated 
and then validated. The results of calibration 
and validation are presented below.  
Four parameters which were chose as higher 
sensitivity could be calibrated for the study. 
The calibration was continued till the 
difference between simulated water 
discharge (calibrated) and corresponding 
observed water discharge could not be 
minimized. The calibrated water discharge 
and observed water discharge corresponding 
to spatial and temporal reference are plotted 
and presented in Fig. 5. 

 
 

Table 1. SWAT sensitive parameters and calibrated values 

Parameter Description of parameter 
Calibrated value 

Fitted_Value Min_value Max_value 

CN2. Initial SCS CN II value -0.160000 -0.200000 0.200000 

ALPHA_BF Baseflow alpha factor 0.100000 0.000000 1.000000 

GW_DELAY Groundwater delay 324.000000 30.000000 450.000000 

WQMN Threshold water depth in the 
shallow aquifer for flow 0.200000 0.000000 2.000000 

 

 

Figure 5.Simulated and observed monthly water discharge during calibration and validation 
(2001-2011) 

 

These parameters were used to calibrate, 
including curve number (CN2), baseflow 

alpha factor (ALPHA_BF), Groundwater 
delay (GW_DELAY), threshold water 

Calibration Validation 
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depth in the shallow aquifer for flow 
(GWQMN), and their calibrated values are 
presented in Table 1. Calibration and 
validation efforts were performed to 
improve the model performance at main 
gauging stations. The calibration for 
streamflow was carried out using monthly 
simulations 

Table 2. Model performance for the 
simulation of flow-out 

Period Time 
step 

Value 

R2 NSI 

Before calibration Monthly 0.73 0.58 

Calibration  
(2001-2005) Monthly 0.78 0.75 

Validation   
(2006-2011) Monthly 0.75 0.72 

The simulated water discharge were 
calibrated against monthly observed data 
from 2001-2005 and validated from 
2006-2011 at Kon Tum station, as 
presented in Table 2.  

The fit between simulated and observed 
water discharge was acceptable by the 
values of the R2 = 0.78 and NSI = 0.75  for 
calibration period and R2 = 0.75 and NSI = 
0.72  for validation period. 

3.3 Water balance Components 
SWAT model calculates the water balance 
for each HRU, then, total of the values 
calculated arcording the average area of 
HRU to statistics for the sub-basin and the 
river basin. The simulated value of the 
average year water balance components at 
period 2000 - 2011 are presented in Table 3. 
The flow rate compared with the average 
rainfall is 0.72 showed the ability to 
produce water on Dak Bla River basin is 
abundant. The rate of actual water 
evaporation compared with the rainfall is 

low (0.26) reflects good water-holding 
capacity of the layer of the basin surface. 

On the other hand, if consider each 
component in the flow, surface flow has 
lower proportion than groundwater flow 
(0.43 versus 0.57), this proves the potential 
groundwater flow the very rich as well as 
the important role of forest in limiting 
surface runoff, increase groundwater flow 

4. CONCLUSION 
The study simulated the water discharge of 
DakB’la basin in the period from 2000 – 
2011 by SWAT model with relatively well 
results (R2 and NSI values were above 0.5)  
and from the results of calibration and 
validation (R2 and NSI values were above 
0.7), it is reasonable to conclude that the 
SWAT model could simulate well the 
hydrology in this catchment. The calibrated 
parameters were accepted for the scenario 
simulations. 

Table 3. Simulated values of year average 
water balance 

Water balance components Value 

Precipitation (mm) 1.903,8 

Potential evapotranspiration (mm) 992,5 

Actual evapotranspiration (mm) 497,4 

Surface runoff (mm) 584,72 

Lateral flow (mm) 185,78 

Drain tile flow (mm) 593,42 

The results proved that it is suitable to 
integrate GIS technology and SWAT model 
for simulating the water discharge in 
DakB’la basin and can be applied for other 
river basins 

A future direction for this study is to 
calibrate and validate the model again to 
identify the appropriate parameters for water 
discharge which can predict accurately 
changes of water discharge in the basin. 
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ABSTRACT 
An isothermal binary mixture of glycerol-water with Schmidt numbers around 6·104-6·105 is injected upward 
through the bottom wall in the center a tank filled with a heavier glycerol-water mixture. For the injection 
condition where Grashof number is in the range of 105-107 and injection Reynolds number is in the range of 0.3-12, 
the propagation of an axisymmetrical buoyant-jet is modeled numerically. The configuration being studied 
corresponds to the experimental set-up of a previously published work [6]. Numerical results show that the plume 
reaches a constant ascent velocity after a short initial period of acceleration and two types of plume head are 
obtained. Basically a good agreement with the experiment has been found concerning the ascent velocity value as 
well as the head shape (type and size). A modified scaling law of the ascent velocity versus a modified Reynolds 
number is proposed to take into account the difference of kinetic viscosity of both fluids.  

Keywords: buoyant jet, glycerol-water mixture, mass plume, starting plume 

 

1. INTRODUCTION 
Buoyant plumes are flows produced when 
fluid is injected continuously from a 
localized source to an ambient fluid of 
different density. Understanding the 
dynamics of the formation and growth of 
plumes is important to the explanation of 
the compositional heterogeneity in hot spot 
melts or the interpretation of geochemical 
data. Numerical studies is used to 
complement experimental and theoretical 
studies since with numerical models we can 
have access to every flow quantities that are 
difficult or impossible to measure in 
laboratory experiments. 
In previously published documents, 
numerical models have shown their 
capabilities of reproducing laboratory 
models of plumes. Most of the previous 
theoretical or experimental works 
concerning starting plumes a have been 
done for thermal plumes (see for example 
[1, 4, 5, 7, 8]), studying the morphology of 

the plumes and establishing scaling laws for 
their ascent velocity or the shape of plume 
heads. A similar study has been carried out 
experimentally for plumes driven by 
compositional difference at high Schmidt 
numbers [6]. A few comparison exercises 
between experimental and numerical 
models which exist in the literature concern 
thermal plumes [7, 8]. However, there has 
not been a numerical model for 
compositionally starting plumes.  

This work deals with the convection of a 
binary mixture of glycerol-water in an 
isothermal enclosure at constant pressure. 
We focus here on laminar forced 
compositionally buoyant plumes generated 
by a local injection of a buoyant fluid into an 
ambient quiescent heavier fluid. Therefore 
the present study aims at establishing a 
numerical model for compositional buoyant 
plumes by using a comparison exercise with 
experimental data of [6].  

In section two, the physical configuration as 
well as the numerical methods are described. 
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Then the results for the ascent velocity (and 
the corresponding scaling laws) and head 
morphologies are presented in section three. 
Some conclusions are presented in the last 
section. 

2. PROBLEM MODEL AND 
NUMERICAL METHODS 

2.1 Physical configuration 
We consider a laminar starting plume of a 
light glycerolwater mixture injected by a 
circular inlet of 3.0 mm of diameter (𝑑𝑑𝑖𝑖) into 
a cylindrical tank of 50.2 cm height (𝐿𝐿𝑧𝑧) and 
of diameter equal to 15.2 cm, filled with a 
heavy glycerolwater mixture. The top of the 
tank is a free surface. This configuration 
aims to mimic the experimental apparatus of 
[6]. The geometry of the tank is simplified 
after careful consideration of the flow 
characteristics, ensuring that the 
computational domain has the same 
cross-sectional area as that in the experiment.  

At the initial state, the ambient fluid filling 
the cavity is quiescent and of constant 

density aρ . The light fluid with a constant 

density iρ is injected at a constant flow rate 
Q. As the typical time of injection is around 
30 seconds and the largest flow rate equal 
to Q = 0.4 mL/s, the total injected volume is 
small enough to consider the increase of the 
fluid level in the tank negligible. 

Dimensionless parameters can be defined: 
the injection Reynolds number 

4(Re ),i
i i

Q
dπν

=
the Grashof number 

3

2( ),z

a a

g LGr ρ
ρ ν
∆

=
, with a iρ ρ ρ∆ = − ), the 

Schmidt numbers of the ambient and 

injected fluids (
a

a
a

Sc
D
ν

=
 and 

i
i

i

Sc
D
ν

=
), 

where ρ  is the density, ν  the dynamic 
viscosity, g the gravity and D the diffusion 
coefficient. The subscripts a and i refer 
respectively to the ambient and injected 
fluids. 

In accordance with the experimental 
study[6], several test-cases with different 
mixtures of glycerol and water are 
investigated. They are defined by the 
composition of the ambient and injected 
mixtures (i.e. the Schmidt numbers) and the 
mass flow rate injected in the cavity (i.e. the 
injection Reynolds number). The 
corresponding physical properties of the 
fluids and the relative dimensionless 
parameters are listed respectively in tables 1 
and 2. The pure water (referred by the 
subscript 2) and pure glycerol (referred by 
the subscript 1) density and dynamic 
viscosities depend only on the temperature 
(formula from [2]). They are estimated at 
21ºC, in agreement with the experiment. 
The mixture physical properties (diffusion 
and viscosity) depends on the mass fraction 
of one of the components and are estimated 
at the same temperature (see [2] and [3] for 
more details).  
Table 1. Physical properties of the test-cases. 

The sets are consistent with those in [6] 

 
As seen in table 2, the Schmidt numbers of 
the mixtures are very high. Consequently, 
the flow can be considered to be 
incompressible. 
Table 2. Dimensionless parameters of the 

simulated test cases 

 
2.2 Governing equations 
We make use of the 2D axisymmetrical 
equations for the incompressible flow of a 
binary mixture in a cavity.  

The equations are made dimensionless by 
the following reference quantities: the 
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average injection velocity (
2

4

i

QU
dπ

=
), the 

cavity height ( zL ) and the ambient physical 

properties ( , ,a a aDρ ν ). The resulting 
dimensionless set of equations are  

. 0      (1)∇ =u

( ) ( )1
1 1

1. .   (2)
Re a

Y Y D Y
t Sc
ρ ρ ρ∂

+∇ = ∇ ∇
∂

u  

 

( )

( )

1

1 1 2 2

1 1. . (3)
Re

1    (4)

Y p z
t Fr

Y Y

ρ ρ t ρ

ρ ρ ρ

∂
+∇ ⊗ = −∇ + ∇ +

∂
= + −

u u

 

where ( )tt ρν= ∇ +∇u u  is the viscous 
stress tensor, ( , )r zu u=u  stands for the 
velocity of the mixture, ρ  the mixture 
density and 1Y  the glycerol mass fraction. 
z  is the unit vector oriented in the opposite 
direction to the gravity. The Reynolds Re 
and Froude Fr  numbers are defined as: 

z

a

ULRe
ν

=  and 
2

z

UFr
gL

= . 

The boundary conditions are the following: 
at the bottom inlet ( / 2, 0ir d z<= = ), a 
Poiseuille profile is imposed for u  
corresponding to a mass flow rate of Q . 
The fluid is injected at a fixed mass fraction 

1 1iY Y= . At the top (z = 1), we have a zero 
gradient for the vertical velocity 
component. This condition models the top 
boundary as if it were below the free 
surface. On the walls, a no-slip boundary 
condition is applied. The boundary 
condition for the glycerol mass fraction 
corresponds to a Neumann boundary 
condition for 1Y  ( 1 / 0Y z∂ ∂ = ) applied on 
all walls and at the top free-surface.  

In the initial state, the whole cavity is at rest 
( =u 0 ) and the fluid mixture is uniform   
( 1 1aY Y= ). 

2.3  Numerical methods 
We solve the equations (1-4) in the 
axisymmetrical coordinates using a 
second-order semi-implicit scheme. It 
combines a second-order backward 
differential formula (BDF2) with an 
implicit treatment for the diffusion terms 
and an explicit second-order 
Adams-Bashforth extrapolation for the 
nonlinear terms. Incompressibility is 
imposed by a projection method which 
retains second-order accuracy of the time 
integration. A finite-volume discretization 
on a staggered grid is used. Second-order 
central difference scheme is employed for 
all the spatial derivative terms. The discrete 
systems resulting from the finite-volume 
approach are split by an ADI technique and 
then solved through Thomas algorithm, 
while the Poisson-like equation for pressure 
correction is solved by a multigrid method. 

A uniform grid has been used in both 
directions ( , )r ze e . The grid convergence 
has been investigated for two test-cases 
corresponding to two different types of 
plume heads : confined head (D4, 

0.4 /Q ml s= ) and dispersed head (D2, 
0.267 /Q ml s= ). By varying the horizontal 

mesh from 226 to 898 cells, and the vertical 
mesh from 1666 to 3748 cells, it has been 
shown that the global quantities such as the 
head velocity ( hv ), the conduit velocity 
( )cv  and the conduit width ( cw ) are hardly 
affected by grid refinement. However the 
local instantaneous plume height ( h ) and 
especially the head shape ( ,h hw l ) are more 
sensitive. As a compromise we select an 
intermediate mesh (514x1666) which 
satisfies for the most sensitive quantity ( hl ) 
an error inferior to 3%   when comparing 
to the finest grid. The time step is fixed at 

410−  dimensionless time unit for each case, 
whereas computations are performed until 
the plume reaches a height of around 30cm. 
It means during around 20 to 60 seconds, 
i.e. around 5000 to 25000 time steps. 
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3. RESULTS 
The numerical results are reproduced by 
symmetry to facilitate the comparison with 
the experiment. The mass fraction of 
glycerol can be used as a tracer to 
differentiate the plume with the ambient 
fluid (figure 1-a). The domain where 
glycerol mass fraction is high 
(corresponding to ambient fluid) is marked 
white and the domain where glycerol mass 
fraction is low (corresponding to injected 
fluid) is marked blue. It has the same role as 
blue dye in the experiment of [6] (see figure 
4 in 14). However, figure 2-a is only a slice 
cutting through the plume axis while figure 
4 in [6] is an image of a 3D plume captured 
by a CDD camera. By using Beer-Lamber 
law, we can construct figures similar to 
those in the experiment from our numerical 
solution. Such a light intensity ratio field is 
presented in figure 1-b. 

3.1 Ascent velocity 

The ascent velocity ( hv ) with which the 
mass plume propagates, is measured by 
tracking the time evolution of the front of 
the plume. It is well-known, in the case of  
thermal plume at high Prandtl number (see 
for example [4]), that this velocity is 
constant during a large part of the  scent, 
when the plume is distant from the inlet and 
the free surface. It has also been observed 
experimentally by [6] for high Schmidt 
numbers as presented on figure 2. Our 
results obtained by computations are also 
plotted on this figure for several mass flow 
rate Q in the case D4. It can be noted that 
the numerical modeling predicts lower 
plumes than experiment. However the 
ascent velocity is quite well estimated with 
an error around 2% (table 3). Figure 2 
shows that the discrepancy originates from 
the acceleration period. The first measuring 
point is reproduced with accuracy. But the 
stage where the ascent velocity increases 
rapidly to the constant value is too long for 
the numerical modeling. 

 

Table 3. Comparison of the ascent velocities 

for case D4: numerical simulations ( hv ) and 

experimental data (
e
hv ) extracted from Figure 

2 in [6] 

 

 
Figure 1. Visualization of the plume by a) 2D 

mass fraction field 1Y ; b) light intensity ratio. 
The plume heads are in case D5,2 

The time shift between numerical results and 
experimental data can be explained as follows. 
In the numerical simulation the fluid is 
injected right at the tank base. In the 
experiment of [6], however, glycerol-water is 
injected through a tube below and connected 
to the tank base. Therefore, it is difficult to 
determine the time at which the injected fluid 
arrives at the tank base in the experiment to 
compare with numerical simulations. As 
expected, the time shift is smaller if the 
injection velocity is large, as seen in figure 2. 

 
Figure 2. Case D4: Time evolution of the plume 

height for 
2 13.3 10 4.0 10Q− −× ≤ ≤ ×  mL/s, 

0.37 Re 4.48i≤ ≤ . Time shift is measured for 
each pair of results. Points-lines are for the 
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experimental data [6] and solid lines are for 
numerical results 

A scaling law for the ascent 

velocity ( 0.63h
a i

g Qv ρ
ρ ν
∆

= ) has been 

proposed by [6] based on an empirical 
relation relating the plume Richardson 

number ( 2
a h

g dRi
v
ρ

ρ
∆

= ) to the injection 

Reynolds number:
0.964.3ReiRi −=

 

 
Figure 3. The plume Richardson number as a 
function of the injection Reynolds number for 

12 plumes. The black dotted line is
0.964.3ReiRi −=  

This is an extension of previous theoretical 
and experimental works [1, 4, 5] concerning 
thermal starting plumes. For the present 
numerical results, the dependence of Ri on 
the injection Reynolds number is plotted in 
figure 3. We remark that the data are neither 
aligned nor superimposed with the 
empirical correlation (eq. 5). This is 
particularly obvious for D4 points. It is 
noticeable that all the cases have a ratio of 

kinetic viscosities ( )i av v  close to 1 
except for D4 case. Indeed the data can be 
brought together by taking into account the 
kinetic viscosity of both fluids in a modified 

Reynolds number ( * i
i

a

Re Reν
ν

= ). Therefore 

a new correlation can be proposed: 
* 0.783.7( )Ri Re −= . (see figure 4) 

3.2 Shape of plume head 

One remarkable feature of the laminar 
starting mass plume is their head 
morphology. The head shape can be 

described by its width hw  and its vertical 

length hl . Two types of head shape have 
been found by [6]: the so-called confined or 
dispersed heads, which are discriminated by 
the plume Richardson number. Examples of 
time evolution of both types of head shape 
are given in figures 5 and 6. 

 

 
Figure 4. The plume Richardson number as a 

function of the modified Reynolds number 
*(Re Re )i

i
a

ν
ν

=
 for 12 plumes. The black 

dotted line is 
0.964.3ReiRi −= , and the blue 

dotted line is 
* 0.783.7(Re )Ri =  

 
Figure 5. Time evolution of the glycerol mass 
fraction field for confined heads in case D5 

with Q = 0.2 mL/s ( Re 1.56i = , Ri 3.19= ). 
Each image is 8.3 s apart. From the first to 

last image, the size of the head increases from 
2.0cmx 2.3 cm to 2.6cmx 2.8 cm 
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In agreement with experiment [6] we found 
a confined shape for the case (D5,       
Q = 0:2mL=s), which corresponds to the 
classic ”mushroom-shape”. This agreement 
s confirmed by the time evolution of the 
head features in he case D4 presented in a 
diagram hw hlRe Re−  where 

/hw h h iRe v w ν=  and /hl h h iRe v l ν= (see 
figure 7-a). Even if the plume heights are 
slightly smaller than experimental data, a 
quasi-constant aspect ratio of the head 
shape /hw hlRe Re is obtained numerically 
with a value equal to experimental constant 
of 1.24. 

 
Figure 6. Time evolution of the glycerol mass 
fraction field for dispersed heads in case D2, 
Q = 0.267 mL/s ( Re 7.83i = , Ri 0.81= ).  
Each image is 4.0 s apart. From the first to 
last image in the sequence, h increases from 
10.4cm to 31.0 cm 

 

The dispersed head seems to be more 
difficult to model numerically. The 
time-evolution of the glycerol mass fraction 
for the case (D2, Q = 0.267 mL/s) (fig. 6) 
exhibits the elongating vertical head length 
with time. However the instability 
mechanism of the vortex ring has not been 
reproduced, perhaps because of a lack of  

spatial resolution or asymmetry property of 
the plume as suggested by [6]. 

Nonetheless the decrease in time of the 
aspect ratio of the head shape is observed 
(fig. 7-b). 
 

 
Figure 7. Rehw  as a function of Relh  for a) 
set D4: all the heads in this set are confined, 

b) set D1: all the heads in this set are 
dispersed except for the smallest value of Q 

 

4. CONCLUSIONS 
A numerical study of an axisymmetrical 
laminar starting plume driven by 
compositional differences has been 
performed for high Schmidt numbers. The 
studied configuration corresponds to the 
experimental set-up of [6]. In agreement 
with the experimental data, the plume 
reaches a constant ascent velocity after a 
short initial period of acceleration. Two 
types of plume head are obtained 
numerically. Basically a good agreement 
with the experiment has been found 
concerning the ascent velocities as well as 
the head shape (type, size, aspect ratio). A 
modified scaling law for the ascent velocity 
versus a modified Reynolds number is 
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proposed to take into account the difference 
of kinetic viscosity of the injected and 
ambient fluids. 

However the numerical model fails to 
predict with accuracy the plume height as 
well as the shape of dispersed plumes. 

These discrepancies may originate from a 
lack of spatial resolution, the difficulties to 
estimate the physical properties of fluids or 
differences in the boundary 
conditions/geometry. 
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ABSTRACT 
This paper is devoted to studying the existence and uniqueness results for interval-valued integro-differential 
equations (IIDEs). For the existence and uniqueness, the method of successive approximations is used. Some 
examples are given to illustrate the results. 

Keywords: Interval-valued differential equations; Interval-valued integro-differential equations; Strongly 
generalized Hukuhara derivative. 

 

1. INTRODUCTION 
The set-valued differential and integral 
equations are an important part of the 
theory of set-valued analysis. They have the 
important value in theory and application in 
control theory; and they were studied in 
1969 by De Blasi and Iervolino[2]. 
Recently, set-valued differential equations 
have been studied by many authors due to 
their application in many areas. For many 
results in the theory of set-valued 
differential and integral equations, the 
readers can be referred to the following 
books and papers [1,5,9,10,11,13,14,17] 
and  references therein.  

The interval-valued analysis and interval- 
valued differential equations (IDEs) are the 
particular cases of the set-valued analysis 
and set differential equations, respectively. 
In many cases, when modeling real-world 
phenomena, information about the behavior 
of a dynamic system is uncertain, and we 
have to consider these uncertainties to gain 
more models. The interval-valued 
differential and integro-differential 
equations can be used to model dynamic 
systems subject to uncertainties. Recently, 
many works have been done by several 

authors in the theory of interval-valued 
differential equations ( seee.g [3,4,6]). 

These equations can be studied with a 
framework of the Hukuhara derivative [7]. 
However it causes that the solutions have 
increasing length of their values. Stefanini 
and Bede [4,12] proposed to consider so-
called strongly generalized derivative of 
interval-valued functions. The interval-
valued differential equations with this 
derivative can have solutions with 
decreasing length of their values. This 
approach was the starting point forthe topic 
of interval-valued differential equations 
(see [3,8] ). 

In the papers [3,4], one can find the studies 
on interval-valued differential equations 
under two kinds of Hukuhara derivative, 
i.e., equations of the form 

/
0 0( ) ( , ( )), ( ) ( ), (1.1)CX t F t X t X t X K= = ∈   

0 0[ , ]t t t p∈ + , where / denotes two kinds of 
derivative, namely the classical Hukuhara 
derivative and the second type Hukuhara 
derivative (generalized Hukuhara  
differentiability). The existence and 
uniqueness of a Cauchy problem is then 
obtainedunder an assumption that the 
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coefficients satisfy a condition with the 
Lipschitz constant (see [4]). The proof is 
based on the application of the Banach 
fixed point theorem. In [3], under 
generalized Lipschitz condition, 
Malinowski obtained the existence and 
uniqueness of solutions to both kinds of 
IDEs. In this paper, we study two kinds of 
solutions to interval-valued integro-
differential equations (IIDEs). The different 
types of solutionsto IFIDEs are generated 
by the usage of two different concepts of 
interval-valued derivative. Inspired and 
motivated by the results of Stefanini and 
Bede [4], Malinowski [3], we consider the 
interval-valued integro-differential 
equations under two kinds of Hukuhara 
derivative. The paper is organized as 
follows. As preliminaries, we recallsome 
basic concepts and notations about interval 
analysis and interval-valued differential 
equations. In Section 3, we present the local 
existence and uniqueness theorem of 
solution of  IIDEs under the first type of  
Hukuhara derivatives. In Section 4, we 
present the local existence and uniqueness 
theorem of solution of IIDEs under the 
second type of Hukuhara derivatives. In the 
last section, we given some examples being 
simple illustrations of the theory of 
interval-valued integro-differential 
equation. 

2. PRELIMINARIES 

Let us denote by ( )CK   the set of any 
nonempty compact intervals of the real line. 
The addition and scalar multiplication in 

( )CK  , are defined as usual, i.e. for 
, ( ), [ , ], [ , ]CA B K A a a B b b− + − +∈ = = , 

where ,a a b b− + − +≤ ≤ , and 0λ ≥ , then we 
have 

[ , ], [ , ],
( [ , ]).
A B a b a b A a a

A a a
λ λ λ

λ λ λ

− − + + − +

+ −

+ = + + =

− = − −
 

Furthermore, let 
1 2 3 4( ), , , ,CA K λ λ λ λ∈ ∈  and 3 4 0λ λ ≥ , 

then we have 1 2 1 2( ) ( )A Aλ λ λ λ=  and  

3 4 3 4( )A A Aλ λ λ λ+ = + . Let , ( )CA B K∈   
as above, the Hausdorff metric H  in 

( )CK  is defined as follows: 

( , ) max{ , }.H A B a b a b− − + += − −       (2.2) 

It is known that (K ( ),H)C  is a complete, 
separable and locally compact metric space. 
We define the magnitude and the length of
A K ( )C∈  by 

( ,{0}) max{ , }, (A) ,H A A a a len a a− + + −= = = −  

respectively, where {0} is the zero element 
of ( )CK  which is regarded as a one point. 

The Hausdorff metric (2.2) satisfies the 
following properties: 

( , ) ( , )H A C B C H A B+ + = and
( , ) ( , ),H A B H B A=  

( , ) ( , ) ( , ),
( , ) ( , ),

H A B C D H A C H B D
H A B H A Bλ λ λ

+ + ≤ +

=
 

for all , , , ( )CA B C D K∈   and λ∈ . Let 
, ( )CA B K∈  . If there exists an interval 

( )CC K∈   suchthat A B C= + , then we 
call C the Hukuhara difference of A and B. 
We denote the interval C by A B . Note 
that ( )A B A B≠ + − . It is known that 
A B exists in the case (A) len(B)len ≥ . 
Besides that, we can see the following 
properties for A,B,C,D K ( )C∈   (see [3]): 

- If ,A B A C  exist, then
[ , ] [B,C]H A B A C H=  ; 

- If ,A B C D  exist, then 
[ ,C ] [A D, B C]H A B D H= + +  ; 

- If , ( )A B A B C+  exist, then there 
exist ( )A B C  and 
( ) ( )A B C A B C= +   ; 

- If ,A ,CA B C B   exist, then there 
exist ( ) (A C)A B    and 
( ) ( )A B A C C B=     
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Definition 2.1. We say that the interval-
valued mapping X : [ ], ( )Ca b K+⊂ →   
is continuous atthe point t [a, b]∈  if for 
every 0ε >  there exists a (t, ) 0δ δ ε= >   
such that [ ]H ( ), ( )X t X s ε≤ ; for all 

[ , ]s a b∈  with t s δ− < . 

The strongly generalized differentiability 
was introduced in [4] and studied in [3,8]. 

Definition 2.2. Let : ( , ) ( )CX a b K→   and 
t (a, b)∈ .We say that X is strongly 
generalized differentiable at t if there exists 
a /X ( ) ( )Ct K∈   such that 

(L1) for all h 0>  sufficiently small, 
X(t h) X(t), X(t) X(t h)∃ + ∃ −   and  

/

0

( ) ( )lim H , ( ) 0,
h

X t h X t X t
h

+  =  

  

/

0

( ) ( )lim H , ( ) 0
h

X t X t h X t
h

−  =  

 . 

or 
(L2) for all h 0>  sufficiently small, 

X(t) X(t h), X(t h) X(t)∃ + ∃ −   and 

/

0

( ) ( )lim H , ( ) 0,
h

X t X t h X t
h

+  = − 

  

/

0

( ) ( )lim H , ( ) 0
h

X t h X t X t
h

−  = − 

 . 

 (hat denominators means 1
h

). 

In this definition, case (L1) ( (L1)-
differentiability for short ) corresponds to 
the classical H-derivative, so this 
differentiability concept is a generalization 
of the Hukuhara derivative. Further, we say 
that X is (L1)-differentiable or (L2)-
differentiation on [a; b], if it is 
differentiable in the sense (L1) or (L2) of 
Definition 2.2, respectively. 

Theorem 2.1. Let : ( , ) ( )CX a b K→   be 
(L1)-differentiable or (L2)-differentiable on 
( , )a b , and assume that the derivative /X  
is integrable over ( ),a b . We have  

(a) if X be (L1)-differentiable on ( ),a b , then 

/ ( ) ( ) ( )
b

a

X t dt X b X a=∫   

(b) if X be (L2)-differentiable on ( ),a b , then 

 / ( ) ( 1)( ( ) X(b)).
b

a

X t dt X a= −∫   

Provided that, the above Hukuhara 
differences exist. 

Lemma 2.1. (see [3,4]) Assume that 
0 0: [ , ] ( ) ( )C CF t t p K K+ × →   is 

continuous.The interval-valued differential 
equation (1.1)  is equivalent to one of the 
following integral equations:  

0

0 0 0( ) ( ) ( , ( )) , [ , ],
t

t

X t X t F s X s ds t t t p= + ∀ ∈ +∫  

if X  is (L1)-differentiable, and 

0

0 0 0( ) ( ) ( 1) ( , ( )) , [ , ]
t

t

X t X t F s X s ds t t t p= − ∀ ∈ +∫  

if X  is (L2)-differentiable, provided that the 
H −difference exists. 
The following well-known result is useful 
in next section. 

Lemma 2.2. Let ( ), ( )a t b t  and ( )c t  be real 
valued nonnegative continuous functions 
defined on + , 0d ≥  is a constant   for 
which the inequality 

( ) ( ) ( ) ( ) ( ) ( )
0 0

t s

a t d b s a s b s c r a r dr ds
 

≤ + + 
 
∫ ∫  

hold for all t +∈ . Then 

( ) ( ) ( ) ( )
0 0

1 exp .( )
t s

a t d b s b r c r dr ds
  

≤ + +  
   

∫ ∫  

Corollary 2.1. (see [3,4]) Let 
0 0: [ , ] ( )CX t t p K+ →   be given. Denote 

( ) [ ( ), ( )]X t X t X t− += for 0 0[ , ]t t t p∈ + , 
where 0 0, :[ , ]X X t t p− + + → . 
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(i) If the mapping X is  (L1)-differentiable  
( i.e. classical Hukuhara differentiable) at 

0 0[ , ]t t t p∈ + , then the real-valued 
functions ,X X− +  are differentiable at t and   

( ) [( ) ( ), ( ) ( )].X t X t X t− ′ + ′′ =  

(ii) If the mapping X is  (L2)-differentiable  
at 0 0[ , ]t t t p∈ + , then the real-valued 
functions  

,X X− + are differentiable at t  and   
( ) [( ) ( ), ( ) ( )].X t X t X t+ ′ − ′′ =  

3. FIRST TYPE OF SOLUTIONS TO 
IIDEs 

In this section, let us consider the 
interval-valued integro-differential 
equations initial value problem (IIDE) 
under the form 

0

0 0

( ) ( , ( ))

( , , ( )) , ( )
t

t

X t F t X t

K t s X s ds X t X

′ = +

+ =∫
 (3.1) 

for all 0[ , ]t t T∈ , where 

0: [ , ] ( ) ( )C CF t T K K× →   and 
: ( ) ( )C CK K K× →    are continuous 

interval-valued mappings on 0[ , ]t T , with 

( ) [ ] [ ]{ }0 0 0, , , : .t s t T t T t s t T= ∈ × ≤ ≤ <   
In  equation (3.1), the symbol ' denotes the 
first type derivative from Definition 2.2. In 
this part, we denote 0 0[ , ] ( , )J t T B X ρ= ×
and 0 0( , )J B X ρ= × , where 0ρ > , 

0 ( ),CX K∈   and 

0 0( , ) { ( ) : ( , ) }.CB X X K H X Xρ ρ= ∈ ≤  

Lemma 3.1. Assume that F, K are 
continuous. An interval-valued mapping 

0: [ , ] ( )CX t T K R→  is called to be a 
solution to the problem (3.1) on 0[ , ]t T  if 
and only if X  is a continuous interval-
valued mapping and it satisfies the 
following interval-valued integral equation:  

0

0 0

0( ) ( , ( ))

( , , ( )) .

t

t

t s

t t

X t X F s X s ds

K s X d dst t t

= +

+

∫

∫ ∫
 (3.2) 

Proof.One can obtain this result easily by 
using the results of Theorem 2.1 and 
Lemma 2.1.■ 

Definition 3.1. A solution 
0: [ , ] ( )CX t T K→   is unique if 
( )

0[ , ]
sup ( ), ( ) 0

t t T
H X t Y t

∈
=  for any mapping 

0: [ , ] ( )CY t T K→   that is a solution to 
(3.1) on 0[ , ].t T  

Assume that 

: ( ) ( )C CF J K K× →  and

0: ( ) ( )C CK J K K× →   satisfy the 
following hypotheses.  
(H1) F, K are continuous interval-valued 
mappings on 0[ , ]t T and  ;  

(H2)  there exists 0[ , ]t Tt ∈   such that the 
following conditions hold:  

a) for every 0ρ >  there exists a  constant 

, 0Lρ t >  such that 

,( , ), ( , ) ( , )( )H F t X F t Y L H X Yρ t≤ , for all 
[0, ]t t∈ , 0, ( , )X Y B X ρ∈ , 

b) there exists a  constant 0St >  such that  

( ,{0}),{0}( )H F t St≤ ,  for all 

0[ , ]t t t∈ . 

(H3) there exists 0[ , ]t Tt ∈   such that the 
following conditions hold: 

a) for every 0ρ >  there exists a  constant 

, 0Cρ t >  such that 

,( , , ), ( , , ) ( , )( )H K t s X K t s Y C H X Yρ t≤ , 
for all 0 0( , ) [ , ] [ , ]t s t tt t∈ × , 

0, ( , )X Y B X ρ∈ , 
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b) there exist a  constant 0St′ >  such that

( , ,{0}),{0}( )H K t s St′≤ ,  for all 

0 0( , ) [ , ] [ , ]t s t tt t∈ × . 

Theorem 3.1. If the hypotheses (H1)-(H3) 
hold, then there exists the only solution 

( )X t  to IIDE (3.1) on some interval 

0[ , ],t T ′ where 
2

1 1 1min{ , ( / ) 2 / / }T M M M M Mt ρ′ = + −  

Proof.By virtue of assumptions (H2)-(H3) 
there exists a 0tt >  such that  

2 ,

( ( , ),{0}) ( , ), ( ,{0})

( ,{0}),{0} 2 .

( )
( )

H F t X H F t X F t

H F t L S Mρ t tρ

≤

+ ≤ + =
 

and 

2 , 1

( ( , , ),{0}) ( , , ), ( , ,{0})

( , ,{0}),{0}
2 . (3.3)

( )
( )

H K t s X H K t s X K t s

H K t s
C S Mρ t tρ

≤

+

′≤ + =

 

Therefore  

1( ( , ),{0}) , ( ( , , ),{0}) .H F t X M H K t s X M≤ ≤  

Let 
2

1 1 1min{ , ( / ) 2 / / }T M M M M Mt ρ′ = + −  

We shall show that the following successive 
approximations on 0[ , ]t t  given by  

0

0 0

0 0 0 1

1

( ) , ( ) ( , ( ))

( , , ( )) , 1, 2,3,.... (3.4)

t

n n
t

t s

n
t t

X t X X t X F s X s ds

K s X d ds nt t t

−

−

= = +

+ =

∫

∫ ∫
 

converge uniformly to unique solution 
( )X t  of IIDE (3.1) on 0[ , ].t T ′  From (3.4), 

we observe that for every {0,1,2,...},n∈  
the function ( )nX t  is continuous. Indeed,  
for 1,n =  we see that   

2
1

1 1 , (3.5)( ( ), ( )) 0
2!

as 0 .

M hH X t X t h Mh

h +

+ ≤ + →

→
 

which proves that 1( )X t  is continuous on  

0[ , ]t T ′ . Thus, by mathematical induction, 
for every 2,n ≥  we deduce that 

( ( ), ( )) 0 as 0 .n nH X t X t h h ++ → →  

Moreover, we have 

0

0 0

1 0 0

0

2 2
0

0 1 1

( ( ), ( )) ( ( , ( )),{0})

( ( , , ( )),{0})

| || | .
2! 2!

t

t

t s

t t

H X t X t H F s X s ds

H K s X d ds

t t TM t t M MT M

t t t

ρ

≤

+

′− ′≤ − + ≤ + ≤

∫

∫ ∫  

By using  mathematical induction method, 
we assume  that  1 0( , ( )) .nH X X t ρ− ≤  

From (3.4), we infer that  
0( , ( )) .nH X X t ρ≤  Hence, we conclude that 

( )nX t  is a continuous interval-valued 
mapping on 0[ , ]t T ′  and that 

0( , ( )) ( , )nt X t J B X ρ∈ × and 

0 0( , , ( )) ( , )nt s X t J B X ρ∈ × , for all 

0[ , ], 1,2,3,...,t t T n′∈ = . Next, we shall 
prove that there exists an interval-valued 
mapping 0: [ , ] ( )CX t Kt →   such that 

( ( ), ( )) 0nH X t X t →  uniformly on 0[ , ]t T ′
as n →∞ . Indeed, for 2n = , from (3.4), 
we get  

0

0 0

0

0 0

2 1 1 0

1 0

, 1 0

, 1 0

( ( ), ( )) ( ( , ( )), ( , ( )))

( ( , , ( )), ( , , ( )))

( ( ), ( ))

( ( ), ( )) .

t

t

t s

t t

t

t

t s

t t

H X t X t H F s X s F s X s ds

H K s X K s X d ds

L H X s X s ds

C H X X s d ds

ρ t

ρ t

t t t t t

t t

≤

+

≤ +

+

∫

∫ ∫

∫

∫ ∫
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By using result 
2

0
1 0 0 1

| |( ( ), ( )) | |
2!

t tH X t X t M t t M −
≤ − + . 

Hence, we get 
2 3

0 0
2 1 , 1

3 4
0 0

, 1

| | | |( ( ), ( )) ( )
2! 3!

| | | |( ).
3! 4!

t t t tH X t X t L M M

t t t tC M M

ρ t

ρ t

− −
≤ +

− −
+ +

 

We put , ,max{ , }L L Cρ t ρ t= , then we have  

2 3
0 0

2 1 1

3 4
0 0

1

| | | |( ( ), ( )) (
2! 3!

| | | | ).
3! 4!

t t t tH X t X t L M M

t t t tM M

− −
≤ +

− −
+ +

 

We assume that  





1 0
1

( 1) 1
0

1 1 0

( 2 1
0

1)

1 1 2

2
0

1

| |( ( ), ( ))
!

| |[ ... ]
( 1)!

[ .. | |
(2 1)!

. ]

| | .
2 !

(

)

n
n

n n

n n

n

n n

n

n

t tH X t X t L M
n

t tM M
n

M M
n
t tM

t

n

t

α α

α α
−

−
−

− +

−

− −

−
≤ +

−
+ + + +

+

−

+

+
−

…+ + +

−

 

(3.6) 

In equation (3.6), 1 0 1 2, ,..., ,n nα α α α− −  are 
balancing constants. Further, from (3.4) and 
the assumptions, we get 

0

0 0

1 1

1

( ( ), ( )) ( ( ), ( ))

( ( ), ( )) .

(

)

t

n n n n
t

t s

n n
t t

H X t X t L H X s X s ds

H X X dsdut t

+ −

−

≤

+

∫

∫ ∫
 

Using (3.6), we have  





1
0

2
0

1 1 0

2 1
0

1

2 2
0

1

1

| |( 1( ), ( ))
( 1)!

|

| | .
(2 2)

|[ ... ]
( 2)!

| |... [ ... ]
(2 1)

!

!

(

)

n
n

n n

n n

n n

n

n

n

t tH X t X t L M
n

t tM M
n

t tM M
n
t t

n
M

α α

α α

+

+

+

+

−

−
+ ≤ +

+

−
+ + + +

+

−
+

+

−
+ + +

+

 

(3.7) 

Hence, inequality (3.6) holds for 
1,2,3,...n = . For 0m n> > , from (3.7) we 

can show that for the { ( )}nX t the Cauchy 
converge condition is satisfied uniformly in 
t , and as a consequence { ( )}nX ⋅  is 
uniformly convergent. The convergence of 
this Cauchy sequence implies that for any 

0ε >  we find 0n ∈  large enough such 
that for 0,n m n>  

( ( ), ( )) .n mH X t X t ε≤ (3.8) 

Since ( )),(CK H
 is a complete metric 

space and (3.8) holds, the sequence ( ){ }nX ⋅   
is uniformly  convergent to a mapping

[ ]( )0 , ( ), CX TC Kt ′∈  . We shall show that 
X  is a solution to (3.1). Indeed,from the 
assumptions, we have 

( ) ( )( )
( )

( ) ( )( )
( )

,

,

( ) , , ( )

( ), ( )

, , ( ) , , , ( )

( ), (

0

0

,

)

, n

n

n

n

t F t X t

L t X t

H K

H F t X

H X

H X

t s X t K t s X t

C t X t

ρ t

ρ t

≤ →

≤ →

 

uniformly on [t0; T] as n → ∞. Therefore, 
from(3.4), we obtain 

0

0 0

0( ) ( , ( ))

           ( , , ( )

t

t

t u

t t

X t X F s X s ds

K u s X s dsdu

= +

+

∫

∫ ∫
 

for n → ∞. 
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For the uniqueness of the solution X  to 
(3.1), let us assume that ,YX  are two 
solutions of (3.1) .By using hypotheses of 
this Theorem, we want to show that 

( )(t),Y(t) 0H X = . Indeed, from (3.4), we 
have 

0

0 0

1

1

(( ( ), ( )) (

( ( ), ( )

( ), ( ))

). (3.9))

t

n
t

t s

n

n

t t

H YH Y t X t L ds s

H Y X d d

s

s

X

t t t−

−≤

+

∫

∫ ∫
 

For 1n = , we obtain  
2

0
1 0

| |(Y , ( )) [| | ]
2!

( ) t tH Xt t L t tρ −
≤ − +   on  

'
0[ , ]t T . Also, 

( )2

2 3 4
0 0 02

( )

[ 2 ].
2

( ),

! 3! 4!

H Y t X t

t t t t t t
L ρ

− − −
≤ + +

 

Now, we assume that  



1
1 0

0

2 2
2 0 0

1

1

2

1

| |
( 1)!

|

(

...| | |
! (2

( ), ( ))

2)!
],

[
n

n

n n
n

n

n

n

t tL
n

t t t t
n

H Y t X t

n

ρ α

α α

−
−

−
−

−

−

−

−
≤ +

−

−
−

+
−

+ +
 

on  '
0,[ ]t T . Thus, by mathematical 

induction, we deduce that 



1 2
0

1

0

0

0

1
1

| |

| |( ( ), ( )) [
( )!

| | ],
2( 1)! !

...

n
n

n

n
n

n

nn

t tH Y t X t L
n

t
n

t t
n

t

ρ α

α α−
−+

−
≤ +

−
+

−
+

+ +
 

holds for any n , which leads to the 
conclusion  

( ( )) ( ( ))
                      

( ), (
 ( ( ),X ))

,
(

)
0

n

n

Y tH X t H Y t X t
H X t t

=
= →

 

as n →∞ . Thus, there exists an unique 
solution on 0,[ ']t T . 

Furthermore, for the uniqueness of the 
solution X to (3.1), we also can use Lemma 
2.2. Indeed, from (3.2), we have 

0

0 0

0 0( ( ), ( )) ( , ) ( ( ( ), ( ))

( ( ), ( )) ).

t

t

t s

t t

H Y t X t H X X L H Y s X s ds

H Y X d dst t t

≤ +

+

∫

∫ ∫
 

Putting ( ) ( ( ), ( ))a t H Y t X t= , 

0, 0d H( )X X= , ( ) , ( ) 1b t L c t= = , we get 
( ( ) 0, ( ))H Y t X t ≤ The proof is completed.■ 

 
4. SECOND TYPE OF SOLUTIONS 

TO IIDEs 
In this section, let us consider the IIDE with 
initial value under the second type 
Hukuhara derivative, i.e. 

0

0 0

0

'( ) ( , ( ))

( , , ( )) , ( )

, [ , ],

t

t

X t F t X t

K t s X s ds X t X

t t T

=

+ =

∈

∫  (4.1) 

where the symbol ′ denote the second type 
Hukuhara derivative of interval-valued 
function. Namely, we shall consider the 
(L2)-derivative from Definition 2.2 above. 

Lemma 4.1. Assume that F; K are 
continuous. An interval-valued mapping

[ ] ( )0 ,: CTX t K→ 
 is called to be a 

solution to the problem (4.1) on [ 0t ,T] if 
and only if  X is a continuous interval-
valued mapping and it satisfies the 
following interval-valued integral equation: 

0 0 0

0( ) ( 1) ( , ( )) ( , , ( )) ) .
t t s

t t t

X t X F s X s ds K s X d dst t t= − +
 
  
 
∫ ∫ ∫

(4.2) 

In this sequel, we want to present the results 
concerning the solution to (4.1) which are 
parallel counterparts of results obtained in 
the Section 3 for the solution to (3.1). 

Theorem 4.1. Let F; K be such as in 
Theorem 3.1.Then there exists the only 
solution X to IIDE (4.1) on[ 0t ,T′]: 

Proof.Similarly as  in  the  proof  of  
Theorem3.1 we obtain the inequalities 
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( ) 1( , ),{0 , ( ,{0})} ( , , )KM H MH t s XF t X ≤ ≤  

where M = 2 ,2 L Sρ t tρ +  

and '
1 2 ,2 .M C Sρ t tρ= +   Define

{ }2
1 1 1' min , ( / ) 2 / /T M M M M Mt ρ= + −  

and a sequence  

0 0 0,{ } , : [ , ] ( )n n nX X t B Xt ρ∞
= →  of successive 

approximations of (4.1) as follows: 

0 0( )X t X= , 

0 0 0

1 10 ( 1) ( ,( ) ( )) ,

1,

( , , ( ))

2,3....

n n

t t s

n
t t t

F s X sX t X Kds sX d d

n

s tt t− −

 
= +  


=

−

∫ ∫ ∫

(4.3) 

Note that 'nX s  are well defined. Indeed, 
proceeding similarly as in the proof of 
Theorem 3.1 we obtain the function 

0( ) :[ , ']nX t T⋅ → ( )CK   is continuous for 
every { }0,1,2,n∈ …  . Moreover, we have 

0 0 0

1 0

0 0

2
0

0 1 1

2

( ( ), ( ))

( 1) ( ,

.
2

( )) ( , , ( ))

| ||
! !

| '
2

t t s

t t t

H X t X t

F s X s ds K s X d ds

t tM t t M MT M T

t t

ρ

t
 

≤ − +  
 

−
≤ −

′
+ + ≤≤

∫ ∫ ∫  

By using mathematical induction method, 
we assume that 1 0( , ( )) .nH X X t ρ− ≤  
Therefore weinferthat  0( , ( ))nH X X t ρ≤
.We conclude that ( )nX t  is a continuous 
interval-valued mapping on 0[ , ']t T  and that 

0( , ( )) ( , )nt X t J B x ρ∈ ×  and 

0 0( , , ( )) ( , )nt s X t J B x ρ∈ ×  for all 

0[ , '], 1, 2,3.....t t T n∈ =  Next, we show that 
there exists an interval-valued mapping 

0:[ , ] ( )CKX t t →  such that  
( ( ), ( )) 0nH X t X t →  uniformly on 0[ , ']t T  

as n →∞  . Indeed, for 2n = , we get 

0 0 0

2

0 1 1

( )

( 1) ( , ( )) ( , , ( ))
t t s

t t t

X t

X F s X s ds K s X d dst t t

=

 
= − +  

 
∫ ∫ ∫

 (4.4) 

Procedding similarly as in the proof of 
Theorem3.1, we obtain 

2 3
0 0

2 1 1

3 4
0 0

1

| | | |( ( ), ( )) (
2! 3!

| | | | ).
3! 4!

t t t tH X t X t L M M

t t t tM M

− −
+

− −
+ +

≤
 

Applying mathematical induction method, 
we have 1( ( ), ( )) 0n nH X t X t+ →  

uniformly on 0[ , ']t T  as n → ∞. Therefore, 
there exists an interval-valued mapping  

0:[ , ] ( )CKX t t →  such that 
( ( ), ( )) 0nH X t X t →  uniformly on 0[ , ']t T  

as n → ∞. 

Beside that, from the assumptions, we have

,

( ( , ( )), ( , ( )))
( ( ), ( )) 0

n

n

H F t X t F t X t
L H X t X tρ t≤ →

 

and 

,

( ( , , ( )), ( , , ( )))
( ( ), ( )) 0

n

n

H K t s X t K t s X t
C H X t X tρ t≤ →

 

uniformly on 0[ , ']t T   as n → ∞. Note that 
X  is the desired solution to (4.1). Indeed, 
for every 0[ , ]t t t∈ , 

0 0 0

0 , ( ) ( 1) ( , ( )) ( , , ( ))
t t s

t t t

H X X t F s X s ds K s X d dst t t+ − +
  
      

∫ ∫ ∫  

0

1( ( ), ( )) ( ( , ( )), ( , ( )))
t

n n
t

H X t X t H F s X s F s X s ds−≤ + ∫

0

1( ( , , ( )), ( , , ( ))) .
t s

n
t t

H K s X K s X d dst t t t t−+∫ ∫  

The summands in the last expression 
converge  to zero. Due to Lemma 4.1 the 
function X  is the solution to (4.1). Finally, 
we show that this solution is unique, let 
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( )Y t  be a any solution of (3.1) on 0[ , ']t T , 
then 

0 0 0

0( ) ( , ( )) ( , , ( )( 1 ))
t t s

t t t

Y t F s Y s ds K s Y dX dst t t−= +
 
  
 
∫ ∫ ∫

(4.5) 

By using Lemma 2.2 and from (4.3) and 
(4.5), we have 

0 0 0

0 0( ( ), ( )) ( , )

( ( ), ( )) ( ( ), ( ))
t t s

t t t

H Y t X t H X X

L H Y s X s ds H Y X d dst t t

≤

 
+ +  

 
∫ ∫ ∫

 

Putting  
0 0( ) ( ( ), ( )), ( , ), ( ) ,a t H Y t X t d H X X b t L= = =

( ) 1c t = , we get   ( ( ), ( )) 0H Y t X t ≤ . The 
proof  is completed. ■ 
5. ILLUSTRATIONS 
In this section, we present some examples 
being simple illustrations of the theory of  
IIDEs. We will consider the IIDEs (3.1) 
with (L1) and (L2) derivative, respectively. 
For convenience, from now on, we will 
denote the solutions of IIDE (3.1) with ( 1L ) 
derivative by 1X ,and the solution with (L2) 
derivative by 2X .  

Let us start the illustrations with 
considering the following interval-valued 
integro-differential equation: 

( )

( ) [ ]
0

0 0 00 0

( ) ( ) , ( )
(5.1)

,X , ,

t

t

X t F t k t s X s ds

X t X tX t T− +


′ = +


  = = ∈ 

∫
 

where 0:[ , ] ( )CKF t T →  is an interval-
valued function 
( . . ( ) [ ( ), ( )]), ( , )i e F t F t F t k t s− +=  

is real known function, and 0 ( )CX K∈   . 

In equation(5.1), we shall solve it by two 
types of Hukuhara derivative, which is 
defined in Definition 2.2. Consequently, 
based on the type of differentiability, we 
have the following two cases: 

Case 1: Suppose that ( )X t  in Eq. (5.1) is 
(L1)-differentiable, by using Corollary 2.1, 
then we get '( ) [( ( )) ', ( )) ']X t X t X t− += . 
Hence, we have the following 

( ) ( )

( )
( )0

0

(t) ( ) , ( ) ,

5.2
(t) ( ) ( , ) ( ) ,

t

t

t

t

X F t k t s X s ds

X F t k t s X s ds

−

+

−

+

 ′ = +



′ = +


∫

∫
 

where 

( ) ( ) ( ) 0,, ( ), ( , )
,

( , ) ( ), k(t,s) 0

k t s X t k t s
k t s X s ds

k t s X t

−

+
=

<

≥



 

and 

( , ) ( ), k(t,s)
( , ) ( )

( , ) ( ), ( , ) 0
0

.
,k t s X t

k t s X s ds
k t s X t k t s

+

−

= 
<

≥


 

From (5.2), we have 

( ) ( )

( ) ( )

0

0

0 0

0 0

( ) , ( )

, ( ) ,

( ) ,

( ) ( ) (5.3)

( ) ,

) .(

t

t

t

t

X t k t s X s ds

k t s X s

F t

X t F t

X t

t

ds

X

X X

−

−

−

+

+

+

−

+

=

=


= +



 ′ = +





′ ∫

∫  

Case 2: Suppose that ( )X t  in ( )5.1  is 

( )2L -differentiable, then we process as in 
the case 1. Hence (5.3) can be rewritten in 
the sense of ( )2L -differentiability as 
following:   

( )( ) ( ) ( ) ( )

( )( ) ( ) ( ) ( )

( )
( )

( )

0

0

0

0 0

0

,

'

.

, ,

' , , 5.4

t

t

t

t

X t F t k t s X s ds

X t F t k t s X s d

X t X

X t

s

X

− −

+ +

+ −

− +

=


= +



 = +



 =

∫

∫  

Example 5.1. Let us consider the following 
IIDE  
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( ) ( ) ( ) [ ] ( )

[ ]

0
0

' , 0 1,1 , 5.5

0, / 2 .

t

X t X s ds X X

t π

= = = −

∈

∫  

Case 1 From (5.3), we get 

( )( ) ( )

( )( ) ( )

( )
( )

( )

0

0

' ,

' , 5.6

0 1,

0 1.

t

t

X t X s ds

X t X s ds

X

X

− −

+ +

−

+


=


 =

 = −

 =

∫

∫  

By solving IDEs (5.6), we obtain 

( ) ( ) ( )
1 ,

2 2

t t t te e e e
X t

− − − + +
 =
  

and this 

solution is shown in  Fig.1. 

 
Case 2  
From (5.4), we get  

( )( ) ( )

( )( ) ( )

( )
( )

( )

0

0

' ,

' , 5.7

0 1

0 1

,

.

t

t

X t X s ds

X t X s ds

X

X

+ −

− +

−

+


=


 =

 = −

 =

∫

∫  

By solving IDEs (5.7), we obtain 
( ) ( ) ( )2 cos ,cosX t t t= −   , and this 

solution is shown in Fig.2. 

 
Example 5.2. Let us consider the following 
IIDE  

( ) [ ] ( )

( ) [ ] ( )
0

0

' 2, 2 ,

0 2,2 , 5.8

t

X t X s ds

X X

= − +

= = −

∫  

where [ ]0,0.5t∈ . 

Case 1 : we obtain ( )1 2 , 2t tX t e e = −  , and 
this solution is shown in Fig.3. 

 
Case 2:we obtain 

( ) ( ) ( ) ( ) ( )2 2cos 2sin ,2cos 2sinX t t t t t= − + −   , 
and this solution is shown in Fig.4. 
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As we see in figures, the first type and 
second type Hukuhara differentiable 
interval-valued solution X  behaves in a 
various manner, i.e. one can say that 

( )( )1len X t  in examples is nondecreasing 

intime (see Figs. 1,3) and ( )( )2len X t  in 
examples is nonincreasing in time (see Figs. 
2,4). 

6. CONCLUSIONS AND FURTHER 
WORK  

From Example 5.1 to Example 5.2, we 
notice that, the solutions under classic 
Hukuhara derivative ( ( )1L -differentiable) 
have increasing length of its values. Indeed, 
we can see the Figures 1,3. However, if we 
consider the second type Hukuhara 
derivative ( ( )2L - differentiable ) the length 
of solutions change. Under the second type 
Hukuhara differentiable solutions have 
nonincreasing length of its values (see Figs. 
2,4). In [16], authors introduced and studied 
new generalized differentiability concepts 
for interval-valued functions. Our point is 
that the eneralization of  thisconcept can be 
of great help in the dynamic study of 
interval-valued differential equations and 
interval-valued integro-differential 
equations.  
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ABSTRACT 
This paper presents a method for finding optimal solutions of multi-objective optimization problem. The 
proposed method is based on the weighted sum method and genetic algorithms. It has the capability of searching 
for both the weights in the objective function and the optimal solutions of the optimization problems. Calculated 
results for some benchmark optimization problems prove that the method can effectively seeks Pareto-optimal 
solutions of different multi-objective optimization problems. 

Keywords: multi-objective optimization, weighted sum method, genetic algorithms, benchmark optimization 
problems, Pareto-optimal solutions. 
 

1. INTRODUCTION  
One of the most common methods for 
multi-objective optimization is the 
weighted sum method [1], in which the 
objective function is usually formulated in 
the form:  

∑=
k

kk PgwF )(    (1) 

where wk is a weighting factor imposing 
importance on the objective Pk, g(Pk) is a 
function of Pk.  

For time-consuming calculations, the 
weighting factors in the objective function 
are often determined by the Trial and Error 
method through preliminary examining the 
behavior of the search process and kept 
unchanged during the search [2, 3, 4]. It is 
obvious that keeping the weighting factors 
constant during the search process limits 
the search direction, so limits the search 
space, and hence the search will approach 
only to the local optimal solutions, not the 
global optima. Varying the weighting 
factors randomly in an orientated search 
may be a way to overcome the above 
limitation. In this work, we develop a new 
method based on Genetic Algorithms (GAs) 
in conjunction with the weighted sum 
method to automatically determine the 
weighting factors in the objective function 

for the duration of the search process. The 
search scheme based on the new method 
also finds the weighting factors and the 
optimal solutions simultaneously. Because 
the weighting factors are not kept constant 
and determined in the search process, it is 
hoped that the search direction is flexible 
and the search may move towards a set of 
approximate Pareto optimal solutions. 

2. METHODOLOGY 
In this work, we propose a new genetic 
algorithm that is based on the standard 
genetic operators with a search procedure 
that simultaneously finds the optimal 
solutions and the weighting factors. 

2.1 Coding procedures 
Decision variables and weighting factors 
are coded into a binary string due to their 
value. The coding procedure is the same as 
conventional binary coding procedure for 
real numbers. Because the weighting factors 
have a sum of 1, only the number of the 
weighting factors less than 1 is needed to be 
found in the search process. Below is the 
coding procedure. 
The decision variables and weighting 
factors are encoded into a binary 
chromosome that is a string of bits 1 or 0. A 
chromosome is represented symbolically by 
the string ( )lll m...mm...mm 121 11 + , where each 
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mi (i = 1, l) may take on a value 1 or 0. The 
optimization problem may have a lot of 
variables. Let suppose there are n decision 
variables and m objectives, so there are m-1 
weighting factors to be determined. A 
chromosome consists of a lot of sequential 
substrings, each substring represents a 
decision variable or a weighting factor 
depending on its position in the 
chromosome. The first substring 
( )

1
m...mm 21 l  to the substring ( )

nn ll m...m 11+−
 

represents n decision variables, and the 
substring ( )

1
m...m 1 ++ nn ll  to the last substring 

( )
11

m...m 1 −+−+ + mnmn ll  represents the weighting 
factors. The length of a full string is l = l1 
+ l2 + ... ln+m-1, wherel1 is the length of the 
first substring, l2 is the length of the 
second ... The lengths of the substrings are 
determined by the precisions and limiting 
range of variables. 
The lengths li are the minimum integers 
that satisfy the following formulae:  

( ) 1210minmax −≤×− ii lp
ii xx      (2) 

where ximin and ximax are the minimum and 
maximum values of variable xi, and pi is 
the number of digits following the decimal 
point in the numbers that represent the 
values of xi.  
A substring for a decision variable xi is 
decoded into the value of xi based on the 
following formula: 

∑
=

−

−
−

+=
i

i

i

l

i

il
il

ii
ii pxxxx

1

minmax
min 2

12
     (3) 

A substring for a weighting factor wi is 
decoded into the real value of wi based on 
the following formula: 

max min
min

1
2

2 1

i
i

l
l j

i jl
j

w ww w m −

=

−
= + ⋅

− ∑  

 
1

1 2
2 1

i
i

i

l
l j

jl
j

m −

=

= ⋅
− ∑  (4) 

2.2 Genetic operators 
Genetic operators in this study are also the 
same as in the standard genetic algorithms 
[5]. Selection is also performed by the 

roulette wheel spin method that chooses the 
fittest individuals in the current generation to 
create a breeding pool for the next 
generation. Crossover is performed by the 
one-point method that mixes parts of the two 
parent solutions in the breeding pool to 
create two off-springs. The one-point 
crossover is implemented as follows: first, a 
pair of strings in the breeding pool is 
randomly chosen with a certain probability; 
then a crossing site k between positions l and 
l-1 is generated uniformly at random; finally, 
two new strings are created by swapping all 
the characters between positions k+1 and l 
inclusively. Mutation is performed by 
randomly altering the value of a bit between 
1 and 0 with a small probability. 

2.3 Search scheme 
Search process progresses as follows: 

Step 1: Create the initial population 
randomly. 

Step 2: Decode each chromosome in the 
population in the current generation into a 
real number in the interval [0, 1] for wk, 
then calculate β = 1 - α; and for decision 
variables. 

Step 3: Determine the fitness function based 
on equation (2) with the values of α, β, keff 
and PPF corresponding to the selected pairs 
of binary and integer chromosomes. 

Step 4: Check the stopping condition. The 
search process stops if the 
population-average fitness value does not 
improve in several sequential generations or 
when the number of generations exceeds a 
specified value. 

Step 5: Perform the selection to create or 
update the breeding pool for the new 
generation. 

Step 6: Perform the crossover for 
individuals in the breeding pool. 

Step 7: Perform the mutation for every gene 
of each chromosome in the breeding pool. 

Step 8: Update the new populations for the 
next generation and repeat the search 
process from Step 2.  

465 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

A computer program has been developed in 
FORTRAN 90 running on a PC installed 
with the Microsoft Fortran Power Station 
version 4.0 to conduct the search process 
following the above procedure. The program 
continues calculation as many times as the 
population size and follows the GA search 
through generations until the search process 
satisfies the stopping condition. 

3. CALCULATION RESULTS FOR 
BENCHMARK PROBLEMS 

3.1 Benchmark problems 
In this paper, four test problems, which are 
popular test functions for benchmarking the 
performance of multi-objective Pareto 
optimization methods, are selected to 
validate our proposed method. Each of these 
test functions contains a particular feature 
that is represents difficulty in converging to 
Pareto front [PF] a real world optimization 
problem. Schaffer's two-objective function 
(F1) is selected due to its historical 
significance [6]; almost all proposed 
multi-objective evolutionary algorithms 
have been tested using this function. It is 
also an example of relevant multi-objective 
optimization problem concepts. 

2
1

2
2

( )
1:

( ) ( 2)
f x x

F
f x x

 =


= −
                   (5)

 
Fonseca's two-objective function test (F2) is 
also selected. This function has an 
advantage of arbitrarily adding decision 
variables without changing PFtrue's shape or 
location in objective space [7]. 

n 2
1 ii=1

n 2
2 ii=1

1

( ) 1 exp(- (x 1/ )
2 :

( ) 1 exp(- (x 1/ )

2 ,..., 2

i

i

i

f x n
F

f x n

where x x

 = − −


= − +
− ≤ ≤

∑
∑  (6)

 

Next is Poloni's multi-objective 
optimization problem (F3), a maximization 
problem. This two-objective function's 
PFtrue has two disconnected Pareto curves 
[8]. Its solution mapping into dominated 
objective space also appears more 
convoluted than other multi-objective 
optimization problems from the literature.
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Kursawe's function (F4) is also included. 
This two-objective function's PFtrue has 
three disconnected Pareto curves [9]. Like 
Poloni’s function, its solution mapping into 
dominated objective space is also quite 
convoluted. Like Foncesa’s function, its 
number of decision variables is arbitrary.

 2 2 2
1 11

3 0.8 3
2 1

1 2 3

( ) 10exp( 0.2 )
4 : (8)
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i i ii

i i ii
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=
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− ≤ ≤

∑
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3.2 Calculation results 
In all simulations, the GA parameters used 
are as follows: 

Maximum generation: 100 for F1, F2, 
200 for F3 and 500 for F4. 

Population size: 500 

Probability of crossover: 0.8 

Probability of mutation: 0.001 

The parameters are held constant in all runs. 
Unbiased initial population is generated 
randomly spreading over entire variable 
space in consideration. To confirm and 
recheck the solutions, each experiment is 
repeated many times with different initial 
populations. 

Problem F1: 
Initial range for the design variable used in 
simulations is (-10, 10), but the 
Pareto-optimal front appears in the 
nondominated region (0, 2). Results for this 
problem are presented in Figure 1 at four 
stages of the search process – (a) initial 
generation, (b) 10, (c) 50 and (d) 100 

466 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

evaluations. At generation 10, the results 
show the convergence of the population 
towards the nondominated region. At 
generation 100, the population converges to 
all Pareto front. 
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Figure 1. Population at generation (a)0, 
(b)10, (c)50 and (d)100 obtained for test 

function F1 is shown 

Problem F2: 
In F2 function, three design variables xi 
were chosen (n=3). Value of each design 

variable ranges from -2 to 2. The 
Pareto-optimal front appeears when 

1 21/ ... 1/in x x x n− ≤ = = = ≤ . 

Up to 100 generations were performed. 
Results for this problem are presented in 
Figure 2 at four stages of the search process 
– (a) initial generation, (b) 10 and (c) 100 
generations, the PF is also shown in this 
figure. At generation 100, the population 
coverges to only two sub-regions which are 
close to individual optima. 
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Figure 2. Population at generation (a)0, (b)10, 
(c)100 obtained for test function F2 is shown 

Problem F3: 
The function F3 adds a discreteness feature 
to the front. Its PF consists of 2 
noncontiguous convex parts. Results for this 
problem are presented in Figure 3 at four 
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stages of the search process – after (a) 0, (b) 
50, (c) 100 and (d) 200 generations.  

The results show that, this method finds one 
part of PF. After 50 generations, the 
population converges towards only this part. 
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Figure 3. Population at generation (a)0, (b)50, 
(c)200 obtained for test function F3 is shown 

Problem F4: 
In the F4 function, three design variables xi 
were chosen (n=3). Value of each design 
variable ranges from -5 to 5. This function's 
PF includes a degenerate point and several 
mixed convex/concave components.  

Results for this problem are presented in 
Figure 4 at four stages of the search process 

– (a) initial generation, (b) 100, (c) 200 and 
(d) 500 generations, the PF is also shown in 
this figure. Once again, it is clear that this 
method is able to better distribute its 
population along the obtained front. 
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Figure 4. Population at generation (a)0, (b)100, 

(c)500 obtained for test function F4 is shown 
4. CONCLUSION 
The proposed algorithm can successfully 
search for the chosen tests. It has a 
capability of automatically finding the 
weighting factors in the objective function, 
and searching for the weighting factors and 
optimal solutions simultaneously. The 
method does not impose any limit on the 
number of objectives. One can use this 
method to treat a lot of objectives 
conveniently. The approach to finding the 
weighting factors developed in this work 
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can be combined with other evolutionary 
algorithms to solve the multi-objective 
optimization problem when using the 
weighted sum method. 
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ABSTRACT 
This paper investigates the organic thin film transistor (OTFT) top gate structure using pentacene organic 
semiconductor and parylene gate insulator. The standard OTFT device shows good properties with high on/off 
current ratio. The pH sensing properties were characterized in the dynamic range of 4-12. The results show that 
there is a quite linear relationship between source drain current and pH value of solution. 

Keywords: organic thin film transistor (OTFT), ion-sensitivity field-effect transistor (ISFET), pentacene, 
polyimide (PI), parylene  
 

1. INTRODUCTION 
Many chemical and biological processes 
depend on pH value of electrolyte solution 
which makes it one of the most common 
laboratory measurements. A recent 
development in pH measurement was 
ion-sensitivity field-effect transistor 
(ISFET) technology as an alternative to the 
glass electrode. The operation of ISFET 
device is based on the theory of site-biding 
model, Gouy-Chapman-Stern-Graham 
model, and FET device operation [1-2]. 
Previously, the ISFET device was 
fabricated based on Si MOSFET device. 
This kind of device has disadvantages of 
high cost, and complicated fabrication 
compared to organic thin film transistor 
(OTFT). The OTFT has shown 
considerable potential in many electronics 
applications, due to its light weight, low 
cost, mechanical flexibility, optical 
transparency, compatibility for large area 
applications, and simple fabrication 
compared to conventional MOSFET 
devices based on silicon [3,4]. 
Bio-chemical sensors based on OTFTs 
have been developed by functionalizing an 
sensing layer to specific target species. 
Some groups have also developed organic 
ISFETs for H+ sensing [5,6]. However, the 
application of organic ISFETs is still 
limited, because of their limited dynamic 

pH range [5-7], and poor stability [5]. 
These issues are related to the inherent 
degradation of the organic semiconductor 
layers which are sensitive to moisture and 
oxygen. 

In this work, a top-gate OTFT structure 
with pentacene as organic semiconductor, 
parylene as gate insulator, and SiO2 as H+ 
sensing layer was successfully fabricated. 
The side-effects caused by the fabrication 
process were minimized to improve the 
stability of the organic ISFET for pH 
sensing. This structure could be used to 
develop a pH sensor with linearity over a 
wide dynamic pH range of 4-12, high 
sensitivity, and fast response. 

2. EXPERIMENTS 
This work presents the pH sensing based on 
organic thin film transistor (OTFT) top gate 
structure as shown in Figure 1.  

 
Figure 1. The schematic structure of the device 
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Calomel 

reference  

 

electrolyte 

 

S-D electrode 
Pentacen

 Parylen

 Sensing  

layer 

Adhesion 

 

470 

mailto:a%20thuyntn@hcmute.edu.vn


 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

The substrate polyimide (PI) was coated 
with poly-4-vinylphenol (PVP) for 
improving the adhesion between Au 
source-drain electrode (60 nm) to the 
substrate. The gold source-drain electroded 
was fabricated by thermal evaporation using 
shadow mask. Pentacene as an organic 
semiconductor was formed by thermal 
evaporation at 80˚C with a thickness of 60 
(nm). In fact, organic ISFETs with a top 
gate structure have difficulties in terms of 
the fabrication of the H+ sensing gate 
dielectric on top of the organic 
semiconductor layer, because of the 
damage incurred during the formation of 
the gate dielectric. The damage to the 
organic semiconductor can be prevented by 
using organic gate dielectrics layers, such 
as parylene or polyvinyl alcohol (PVA) 
layers. However, choosing oxide gate 
materials for H+ sensing is challenging in 
this case, due to the large difference in the 
thermal expansion coefficients of inorganic 
and organic materials. Moreover, the 
fabrication method of gate insulator can 
affect to the pentacene organic 
semiconductor via organic solvent or PVD 
process. As a result, the device has high off 
current or unsaturation. Therefore, in our 
wok, the parylene (600  nm) as gate 
dielectric layer was deposited by PDS 2010 
machine. For pH sensing, many oxides were 
widely investigated such as SiO2, Si3N4, 
Al2O3, and Ta2O5. In this work, author 
firstly used SiO2 as sensing layer.  To 
monitor the pH sensitivity of the device, a 
polydimethylsiloxane (PDMS) well 
designed to contain the electrolyte was 
attached to the substrate using epoxy glue 
for sealing. Finally, the reference electrode 
was used as floating electrode for 
characterize the pH sensing properties of 
the top gate OTFT devices. 

3. RESULTS AND DISCUSSIONS 
Figure 2 shows the standard I-V 
characteristic of OTFT structure with Au 
metal top gate electrode. 

 
Figure 2. The output characteristic of standard 

top gate device with Au top gate electrode 
potential VS: 0, -10, -20, -30, -40 V 

As shown in the figure 2, the top gate OTFT 
device based on polyimide substrate, organic 
pentace semiconductor associated with 
parylene gate insulator was successfully 
fabricated. The OTFT device show a on/off 
ratio of 105, field-effect mobility, µ, of 0.45 
cm2V-1s-1, and threshold voltage, VT, of 
-10.5 V. In the buffer solution, the 
measurement of the OTFT using a saturated 
calomel electrode (SCE) as the floating gate 
electrode, the electrical properties were 
similar to those obtained for the standard 
device with the top gate electrode. Figure 3 
shows the out put characteristic with buffer 
solution of pH 2.  
 

 

 

 

 

 
 

 

Figure 3. The output characteristic of device in 
the electroclyte solution of pH value 2 with 

calomel reference electrode VRE: 0, -10, -20, 
-30, -40 V 

The data presented in the figure 3 show the 
I-V current slightly increases one magnitude 
compare to standard top gate device due to 
the more ion concentration accumulate on 
the gate insulator surface. For investigating 
the pH sensing properties of the device, the 
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I-V characteristic of OTFT was measure 
with different pH value solution.  

 
Figure 4.  The transfer characteristic with 

different pH value solution 

Figure 4 shows the data of transfer 
characteristics measurement in different pH 
value electrolyte solution from 4 to 12. It 
shows that the threshold voltage is shifted 
from left to right with pH value increase. It 
is reasonable according to the operation 
device theory due to the change in potential 
drop ψ0 at the oxide-electrolyte interface 
with different pH value.  

 

 
Figure 5. The source-drain current at VSD = 
-40 (V) and VRE = -40 (V) with different pH 

value electrolyte solution 

Figure 5 shows the pH sensing properties 
based on SiO2 as sensing layer. The data 
shows a nearly linearly relation between 
source-drain current to pH value solution. 

For more understanding the mechanism of 
sensing properties, it need to investigate 
deeply the theory of oxide-electrolyte 
interface and how the ions affect the oxide 
sensing surface.  

4. CONCLUSION  
In this work, a top gate OFET pH sensor 
was successfully fabricated and showed 
quite good performance. Its sensitivity was 
as high as 10-8 A/pH in the pH range of 
4-12. Furthermore, top gate OTFT structure 
can be used for various sensor devices, 
since the surface of the parylene gate 
insulator can be easily modified with 
different sensing layers for other bio 
chemical sensor applications.
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ABSTRACT 
This paper presents a computational investigation on the fuel burn up characteristics and radionuclide inventory 
of the VVR-M2 HEU and LEU fuels. Calculations are done by the multigroup neutron transport theory code 
WIMSD along with the 69 energy group ‘1986’ library. The results show the infinitive multiplication factors 
with different grades of fuel burn up. For the aspect of transmutation assessment, the amounts of 235U and 238U 
consumed as well as 239Pu produced are considered. The total activities of radionuclides in the fuels as a function 
of burn up fraction and cooling time are also estimated.  

Keywords: VVR-M2 HEU, VVR-M2 LEU, fuel burn up, radionuclides, WIMSD. 
 

1. INTRODUCTION 
In recent years, many works relating to the 
problem of fuel conversion from HEU to 
LEU fuels have been carried out as part of 
Reduced Enrichment for Research and 
Training Reactors program (RERTR). 
Before studying the whole core conversion, 
it is essential to evaluate its fuel assembly 
properties for HEU and LEU fuels. With 
this objective, this report presents fuel 
conversion results for VVR-M2 nuclear 
fuel assembly. Among various nuclear fuel 
assembly features, this work only focuses 
on the fuel burn up characteristics.  

The VVR-M2 fuel (figure 1), designed and 
manufactured in Russia, was being operated 
in Vietnam, Hungary and Ukraine [2]. Each 
fuel assembly consists of three coaxial fuel 
elements: the outermost hexagonal shaped 
tube with the flat-to-flat distance of 32 mm 
and two inner cylindrical tubes with the 
thickness of 2.5 mm. Each fuel element 
includes three layers: the fuel meat and two 
aluminum cladding layers. The main 
differences between VVR-M2 HEU and 
LEU fuels are summarized in Table 1. 

 
Figure 1. Cross-sectional view 
of VVR-M2 nuclear fuel [1] 

 

Table 1. The key specifications of VVR-M2 
HEU and LEU fuel assemblies 

Parameter VVR-M2 
HEU 

VVR-M2 
LEU 

Fuel Composition UAl UO2-Al 

Enrichment 36 % 19.75 % 
235U mass 40.2 g 49.7 g 

Fuel meat thickness 0.7 mm 0.94 mm 

Fuel cladding thickness 0.9 mm 0.78 mm 
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2. METHODOLOGY 
WIMSD code [3] along with the “1986” 
WIMS Nuclear Data Library [4] is applied 
for burn up calculations. With this library, 
the multi groups neutron transport 
equations are solved with the 69 energy 
groups. For few groups calculation, 69 
groups are collapsed into three groups with 
the upper energy boundaries 10 MeV, 5530 
eV and 0.22 eV. The pin cell model with 
annular geometry and the discrete ordinates 
method (DSN) [5] are used for lattice cell 
calculation. For this model, the outermost 
hexagonal shaped fuel element of the fuel 
assembly is converted into annulus with the 
volume conservation. 

The operational data of Dalat Nuclear 
Research Reactor, where VVR-M2 nuclear 
fuel is being operated, is used for burn up 
calculations. Therefore, the ratios of power 
in MW to the amount of heavy fuel in ton, 
required for WIMSD input, of VVR-M2 
HEU and LEU fuels are 44.77478 and 
22.32497, respectively. In this research, 
burn up characteristics are investigated as 
a function of burn up fraction. The burn up 
fraction is needed to convert into burn up 
time which is required for WIMSD input. 
The following calculations are done for 
this convert. 

The burn up fraction BU (%) is defined as 
the ratio of the amount of 235U consumed 
Δm5 (g) to the initial amount of 235U m5 
(g): 

100(%)
5

5 ×
∆

=
m
mBU  (1) 

The amount of 235U Δm5 (g) consumed can 
be approximated by the reactor power P 
(MW) and time T (day): 

  Δm5 = 1.23×P×T (2) 

Therefore, the relation of the burn up time 
and the burn up fraction is expressed: 

BU
P

mT ×
×

=
123

5   (3) 

 

 
3.  RESULTS AND DISSCUSSION 
3.1. The infinitive multiplication factor 
The infinitive multiplication factor k∞ is 
defined as the ratio of number of neutrons 
in one generation and number of neutron in 
preceding generation in the infinitive 
medium. This factor characterizes the 
ability of neutron generating of nuclear 
fuel. In this section, the infinitive 
multiplication factors are investigated with 
burn up fractions for VVR-M2 HEU and 
LEU fuels (figure 2). The infinitive 
multiplication factors for the fresh VVR-
M2 HEU and LEU fuels are 1.650122 and 
1.642999, respectively. The infinitive 
multiplication factors decrease with the 
increased burn up grades due to the fuel 
consumption and fission products poison. 
Figure 2 shows that at the low burn up 
grades, the infinitive multiplication factors 
are approximately similar for these fuel 
types and at higher burn up ones, the 
relative differences between these fuels 
increase with burn up fraction.   
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Figure 2. The infinitive multiplication factor 

of VVR-M2 HEU and LEU fuels 

3.2. The change of 235U, 238U and 239Pu 
densities with burn up fraction 
Another important feature of fuel burn up 
relates to the transmutation aspect. This 
aspect can be evaluated through the amount 
of the fuel (235U and 238U) consumed and 
fissile material (239Pu) produced.  
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The changes of 235U, 238U and 239Pu densities 
with burn up fractions for VVR-M2 HEU 
and LEU fuels are presented in figures 3, 4 
and 5, respectively. Because of the higher 
enrichment of 235U in HEU fuel, the density 
of 235U is higher and of 238U is lower than it 
in LEU fuel. The density of 239Pu of LEU 
fuel is greater than it of HEU fuel due to the 
238U transmutation. It can be realized that 
while the 238U densities of these fuels 
decrease slightly, the 235U densities decrease 
faster. However, the difference between 
densities of 235U for HEU and LEU fuels 
becomes smaller when the burn up fraction 
increases. Moreover, this difference is 
contrary in the case of 239Pu. 

Table 2 shows the amount of 239Pu produced 
in a fuel assembly for HEU and LEU fuels 
as a result of the consumption of 235U and 
238U at the burn up fraction of 50%. For the 
transmutation aspect, the ratio of amount of 
the fissionable isotope (239Pu) produced and 
the fissile isotope (235U) consumed is higher 
in the case of LEU fuel.    
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Figure 3. The change of 235U density with the 

burn up fraction 
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Figure 4. The change of 238U density with the 
burn up fraction 
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Figure 5. The change of 239Pu density with the 

burn up fraction 
 

Table 2. The amount of 235U and 238U 
consumed and 239Pu produced at burn up 

fraction of 50% 

Isotope 
Quantity (g) 

HEU fuel LEU fuel 
235U 19.696 24.045 
238U 1.255 2.901 

239Pu 0.622 1.419 

3.3. The radioactivity with burn up 
fraction and cooling time 
The radioactivity of spent nuclear fuel is 
extremely important for radiation safety 
analysis in the case of nuclear accident 
when radionuclides might be released into 
environment. In this section, the specific 
activities (Ci/cm3) for all nuclides of 
WIMSD library are investigated as the 
function of burn up grades and cooling time 
for VVR-M2 HEU and LEU fuels. The 
results are shown in figure 6 and 7. 
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Figure 6. The specific activity 
of VVR-M2 HEU spent fuel 
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Figure 7. The specific activity 
of VVR-M2 LEU spent fuel 

In general, the specific activity decreases 
with the increased cooling time but 
increases with increased burn up fraction. 
The activity decreases quickly within 20 
days after shutdown due to the decay of 
short – lived radioisotopes and gradually 
afterward. In addition, the relative decrease 
of activity due to the increased cooling 
time becomes smaller when burn up 
fraction increases. This means that the 
higher burn up spent fuel needs more 
cooling time than the lower ones. 

In the case of HEU fuel, the initial specific 
activities with different grades of fuel burn 
up range from 8.7 Ci/cm3 (BU = 10%) to 
11.4 Ci/cm3 (BU = 50%). The activities 
decrease averagely 1.5, 3 and 10 times with 
the days after shutdown of 1, 10 and 100, 
respectively. The initial specific activities 
of a LEU fuel assembly range from 9.9 
Ci/cm3 (BU = 10%) to 12.8 Ci/cm3 (BU = 
50%). In this case, the activities decrease 

approximately 1.4, 4 and 11 times with the 
day after shutdown of 1, 10 and 100. 

4. CONCLUSION 
In this research, the WIMSD code with 
“1986” WIMS Nuclear Data Library and 
the discrete ordinates method are applied 
successfully to investigate fuel burn up 
characteristics for VVR-M2 HEU and LEU 
fuels. Some following important 
conclusions can be drawn:  
- To compare the ability of neutron 
generating of these fuels, the infinitive 
multiplication factors with increased burn 
up grades are presented. The result shows 
that at the low burn up fractions, the 
infinitive multiplication factors of VVR-
M2 HEU and LEU fuels are approximately 
similar and at the higher burn up ones, the 
relative differences between these values 
increase with burn up grade. 
- In addition, for transmutation aspect, the 
amounts of 235U and 238U consumed and 
239Pu produced of a VVR-M2 HEU and 
LEU fuel assemblies at the burn up fraction 
of 50% are calculated. It can be recognized 
that the ratio of amount of the fissionable 
isotope (239Pu) produced and the fissile 
isotope (235U) consumed is higher in the 
case of LEU fuel. 
- Finally, the initial specific activities with 
different grades of burn up range from 8.7 
Ci/cm3 to 11.4 Ci/cm3 for VVR-M2 HEU 
and range from 9.9 Ci/cm3 to 12.8 Ci/cm3 
for VVR-M2 LEU fuel. The activities 
decrease rapidly within 20 days after 
shutdown and slowly after this time.  
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ABSTRACT 
Protection zone of a direct lightning protection systems is the limited volume in which the parts of the lightning 
protection system generate a protection against directly electric discharge by collecting lightning rays into those 
parts [1]. Currently Early Streamer Emission (ESE) is used popularly. However, the way to determine the 
protection zone of ESE lightning rod is still controversial [2,3,4]. The application of the electrogeometric model 
theory in determining protection zone of the ESE lightning rod introduced in [5] has shown a few certain 
shortcomings. Still based on the theoretical basis of the electrogeometric model theory this article provides a 
solution to measure the protection zone of ESE lightning rod and remedy the shortcomings in [5]. 

Keywords: Early Streamer Emission, Lightning protection, Electro geometric model, Lightning rod, Lightning 
protection standards. 

 

1. INTRODUCTION 
According to [5], the streamer emitted from 
the ESE can be launched from the top of 
ESE towards all directions to catch the 
downward leader. Therefore, to examine 
the protection zone of receivers, in 
three-dimensional space we can model the 
possibility of discharge of ESE by an 
imaginary sphere whose center is  
mounted at the top of the arrester, and has 
radius is the distance gain ΔL representing 
the length of the streamer emitted by ESE. 
Then we examine the spherical space whose 
radius is the another discharge distance D 
with its center representing the top of 
downward leader appearing randomly in 
every positions. If the D - radius sphere 
contacts with both the ground and the ΔL - 
radius sphere above, we will get the 
protection of receivers ESE. 

The protection zone of receivers equipped 
ESE depends on three parameters: the 
height h of the rod, discharge distance D 
and the distance gain ΔL of ESE lightning. 
Figures 1, Figures 2, Figures 3represents 
protection area of the ESE corresponding 
with 3 cases D>h, D=h and D<h: 

 
Figure 1. Protection areas in  

the case of D = h 

 
Figure 2. Protection areas in 

 the case of D > h 

 
Figure 3. Protection areas in 

 the case of D < h 
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2. THE MAXIMAL PROTECTIVE 
RADIUS (RP) OF ESE ROD 

The maximal protective radius (Rp) of ESE 
rod is simply known as protective radius 
corresponding with the height hx=0. 
According to [5, 6, 7]: 

𝑅𝑅𝑅𝑅 = �ℎ(2𝐷𝐷 − ℎ) + ∆𝐿𝐿(2𝐷𝐷 + ∆𝐿𝐿)(1) 

with : 

Rp_the maximal protective radius, m. 

h_the height of the rod (from ground to top 
of ESE terminal), m. 

ΔL_distance gain of ESE terminal, m. 

D_Discharge distance. Values of D are 
presented in the following Table 1 
[7,8,9,10], m. 

Table 1. Levels of lightning protection and 
values of discharge distance D 

Level D(m) Minimum current (kA) 

I 20 3 

II 30 5 

III 45 10 

IV 60 16 

3. PROTECTION PARAMETER RX 
WITH THE HEIGHT HX 

If we apply the formula in [5] calculated the 
protection in case 0≤rx≤r’x when D=h will 
not get results. In the case of D<h, there 
exists in the region between r”r’ (Figure 6), 
if construction in this area is likely to be 
struck by lightning. 

To determine protection parameter rx 
corresponding with the height hx of the 
construction, we examine protection zone in 
Oxy plane. Choosing origin that coincides 
with the toe of arrester, horizontal axis with 
the ground and vertical axis with the trunk 
of arrester. 

Then, we can see that protection parameter 
rx corresponds with the height hx of  
arrester equiped ESE and has the total 
height is h. Examining in that origin we’ll 
have 3 cases as Figure 4, Figure 5, Figure 6: 

 
Figure 4. Protection parameter rx with the 

height hx in following case D=H 

 

 
Figure 5. Protection parameter rx with the 

height hx in following case D>H 

 

 
Figure 6. Protection parameter rx with the 

height hx in following case D<H 
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With: 

𝑟𝑟𝑥𝑥′ = �Rp �
∆𝐿𝐿

𝐷𝐷 + ∆𝐿𝐿
�             (D ≠ h)

ΔL                          (D = h)
      (2) 

𝑟𝑟𝑥𝑥′′ = 𝑅𝑅𝑅𝑅 − 𝐷𝐷                  (D < ℎ)          (3) 

and  

ℎ′ = �
𝐷𝐷(∆𝐿𝐿 + ℎ)
∆𝐿𝐿 + 𝐷𝐷

(D < h)

h              (D = h and D > ℎ)
     (4) 

ℎ" = ℎ − (𝑅𝑅𝑅𝑅−𝐷𝐷)(ℎ−𝐷𝐷)
𝑅𝑅𝑅𝑅

(D < h)          (5)30T We 
can determine protection parameter rx with 
the height hx in 3 following cases: 

Zone 1: 0≤rx≤r’x(corresponding with 
hx=h)or 0≤rx≤r’’x with case 
D<h(corresponding with h”≤ hx≤ h) 
𝑟𝑟𝑥𝑥 =

�

ΔL                                   (D = h)
Rp �ℎ−ℎ𝑥𝑥

ℎ−𝐷𝐷
� (D < ℎ)

Rp−�ℎ(2𝐷𝐷− ℎ)(D > ℎ)
       (6) Zone 

2:r’x≤rx≤Rp (corresponding with 0≤hx≤h or 
0≤hx≤2D-h’following cases D<h) 

𝑟𝑟𝑥𝑥 = Rp −�ℎ𝑥𝑥(2𝐷𝐷 − ℎ𝑥𝑥)(7) 

Zone 3: r’’x≤rx≤r’x (corresponding with 
2D- h’≤ hx≤ h”, only case D < h) 

Applying (7). When hx≥D, we only 
examine protection parameter of the Zone 
3 in case of the construction having a 
protruding part in this area. If the whole 
construction or its part stands in this area, 
the construction can be stroke by 
lightning. 

4. CRITICAL VALUE OF THE 
RADIUS OF THE LIGHTNING 
SPHERE 

Especially, in case of D < h and h > ΔL we 
need to determine critical value of the 
radius of the lightning sphere 

 
Figure 7. Critical value of the radius of the 

lightning sphere 

Also from [5], we have critical value Dmin as: 

𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 = (ℎ + ΔL) −�2∆𝐿𝐿(ℎ + ∆𝐿𝐿)        (8) 

5. CONCLUSION 
We can say that efficiency of the protection 
of arrester is assessed through its protection 
zone.Thus, studying about protection zone 
of ESE is the issue needing due attention. 
This article has created formulas to 
calculate protection of arrester equiped ESE 
and remedy the shortcomings in [5]. 

However, these formulas are just built 
theoretically, so there will have some 
certain limitations . If  they are considered 
and applied practically, calculating methods 
will have oppotunities to be tested, 
completed and developed an efficient 
measure in designing,calculating direct 
lightning protection using ESE.
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ABSTRACT 
Quantum dots sensitized nanocrystalline TiO2 solarcells (QDSSCs) are promising third-generation photovoltaic 
devices. In this study CdSe quantum dots (Qds) have been prepared via a colloidal route using Mercaptoethanol 
(Thioglycol) (HOCH2CH2SH) as a capping agent, ZnS/CdSe co-sensitized TiO2 photoanodes for QDSSCs were 
prepared by ionic layer adsorption and reaction (SILAR) for improving overall photoconversion efficiency.  The 
structural of materials the ZnS/CdSe/TiO2, optical, morphological and photoelectrochemical properties of Anode 
ZnS/CdSe/TiO2 thin films was investigated by optical spectrum, TEM, FE- SEM, X-Ray.  

Keywords: quantum dots, CdSe, CdSe/ZnS, TiO2, Silar, mercaptoethanol, photoelectrochemical properties, solar cell 
 

1. INTRODUCTION 
Dye-sensitized solar cells (DSCs) have been 
paid much attention in the past decades 
because of their low cost, relatively high 
efficiency and prosperous application future. 
Beside the organic sensitizers, semiconductor 
quantum dots (QDs), which absorb light in 
the visible spectrum such as CdSe, ZnS, PbS 
also have been used as effective sensitizers. 
CdX quantum dots have novel properties 
such as small size, nanoscale controllability, 
strong absorption and fluorescence, narrow 
HWHM, sustainable emission spectrum. In 
addition, through the impact ionization 
effect, it is possible to generate multiple 
excitons from single-photon absorption in 
QDs. So that quantum dots have the great 
potential to reduce the loss of energy when 
the electron absorbs the photon, reduce 
energy loss as heat occurs in the normal 
battery, improve performance capacity and 
maximize the absorption of solar light 
energy. For QD-sensitizers, CdSe and ZnS 
have been paid much attention because of 
their high potential in photoabsorption under 
visible region. In this study, we would 
synthesis and characterize ZnS/CdSe co-
sensitized TiO2 photoanodes for QDSSCs which 
were prepared by ionic layer adsorption and 
reaction (SILAR) for improving overall 

photoconversion efficiency. The optical and 
electrochemical properties of the 
photoanodes and the photovoltaic 
performance of the corresponding solar cells 
were also investigated.  

2. EXPERIMENTS 
2.1 Material 
Cadmium acetate dehydrate  
(CH3COO)2Cd.2H2O, 99%), Dimethyl 
formamide (DMF) (C3H7NO) 99,9%, 
Mercaptoethanol (Thioglycol) 
(HOCH2CH2SH), 98%,Sodium selenite 
pentahydrate (Na2SeO3.5H2O), Methanol 
(CH3OH), Acetone (CH3COCH3) , 
titanium tetraisopropoxide were purchased 
from Merk, respectively. All chemicals 
were used without further purification. 

2.2 Synthesis quantum dots 
Colloidal CdSe quantum dots were from 
precursor compounds dissolved in solutions. 
The process is carried out as follow. A 
sodium selenite (Na2SeO3) solution was 
obtained by dissolving 0.263g sodium 
selenite pentahydrate (Na2SeO3.5H2O) into 
5ml water. The solution was stirred for 15 
minutes. An aqueous solution was prepared 
by dissolving 1.066g cadmium acetate 
dehydrate  (CH3COO)2Cd.2H2O and 15ml 
dimethyl formamide (DMF) (C3H7NO) into 
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threee-neck-flask, next we added 2ml NaOH 
(1M) solution. The solution became milky 
solution. Afterwards,we added 0.1 ml, 0.15 
ml, 0.2 ml, 0.25 ml, 0.5 ml, 0.6 ml 
mercaptoethanol, respectively, 
corresponding to the molar ratio, M=Cd:Se: 
mercaptoethanol is 4:1:1.43, 4:1:2.14, 
4:1:2.87, 4:1:3.58, 4:1:7.17, 4:1:8.60. The 
solution was stirring during 30min. For the 
growth of the CdSe quantum dots, the 
solution of Na2SeO3 was swiftly injected 
into the cadmium -2-mercaptoethanol 
solution with the constant stirring for 30min. 
Then refluxing the solution at 900C 
temperature for 3 hours (do not stir), we 
obtained the solution of CdSe nanoparticles 
is yellow. The residual precipitate settled to 
the bottom. Finally, the product, CdSe 
quantum dots, is obtained with other coating 
rates. The purified CdSe quantum dots were 
then precipitated by adding aceton andwere 
seperated and purified by centrifugation. The 
purified CdSe Qds were re-dispersed in 
chloroform for UV-Vis, PL, transmission 
electron microcopy (TEM) and X-ray 
diffraction measurement. 
2.3 Preparation of ZnS/CdSe co-

sensitized TiO2 photoanode 
The colloidal TiO2 nanoparticles were 
prepared by hydrolysis of titanium 
tetraisopropoxide. The thickness of TiO2 
mesoporous electrodes was around 8 - 10 
µm, which were obtained by screen-printing 
TiO2 paste on FTO glass (TEC-8, LOF) and 
then sintering at 450oC for 30 min in air.  
TiO2 films would be soaked in the solution 
of CdSe with the ratio M for 4:1:2.15 (in 
Section II.2) for 20 hours.  Then TiO2/CdSe 
films were washed with methanol and dried 
at 80oC for 30 minutes. Beside, we 
expressed CdS/CdSe co-sensitized TiO2 
photoanodes by SILAR in the form of 
TiO2/CdS(X)/CdSe(Y), where X and Y are 
the deposition cycles of ZnS and CdSe, 
respectively. The solution of Se2- was obtain 
by dissolving 1184g Se powder, 3.78g 
Na2SO3 into 50ml of distilled water, then 
add 5 ml of 1M NaOH to help the dissolving 
process takes place, and finally refluxed 
solution at 70°C for 7 hours. The 0.5 M Cd2+ 

solution was obtained by dissolving 2.665g 
Cd (CH3COO)2.2H2O into 20 ml methanol. 
The solution of Zn2+ (0.1M) was obtained by 
weighing 1.095g of Zn (CH3COO)2.2H2O 
then dissolved in 50ml of distilled water. 
And the S2-solution (0.5M) was obtained by 
dissolving 3.94g Na2S.9H2O into 50ml of 
distilled water. For CdSe deposition, the 
TiO2 photoanodes were successively 
immersed in two different solutions for 5 
min each Following each immersion, the 
TiO2 photoanodes were rinsed with ethanol. 
All these processes are termed as one 
SILAR cycle. For ZnS deposition, The 
SILAR processes of ZnS were similar to that 
of prepared CdSe QDs. FTO/TiO2/CdSe 
(SILAR 2, 3, 5, 7 layers) photoanodes were 
successively immersed in two different 
solutions for 5 min each. After SILAR 
sensitization, all samples have been coated 
with ZnS passivation layer.  
2.4  Fabrication of QDSSCs 
The CdS/CdSe co-sensitized TiO2 
photoanode and Pt-counter electrode were 
assembled into a sandwich cell by heating 
with a 60 µm thermal adhesive film. The 
electrolyte was filled from a hole made on 
the counter electrode, which was later sealed 
by thermal adhesive film and a cover glass.  
2.5 Measurements 
The optical properties of ZnS/CdSe co-
sensitized TiO2 photoanodes were studied 
through optical absorption, 
photoluminescence and XRD 
measurements. Room temperature UV-Vis 
absorption spectra was measured by  Model 
PB -10, power 200W, Taiwan  
spectrophotometer along the wavelength 
range 400- 900nm. The photoluminescence 
was measured at room temperature using 
Horiba Jobin Yvon, USA Fluorescence 
Spectrometer with the excitation wavelength 
325 nm. The XRD spectra was measured by 
D/max – II Cu Kα  radiation. The current–
voltage (I–V) characteristics of the QDSSC 
were measured under AM 1.5 (100 
mW/cm2) illumination which was provided 
by a solar simulator (Oriel, USA), and 
recorded using a Keithley model 2420 
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digital source meter (Keithley, USA). The 
morphology of the prepared samples was 
observed using field-emission scanning 
electron microscopy (FE-SEM, S4800). 

3. RESULTS AND DISCUSSION 
3.1 Optical properties of CdS/CdSe co-

sensitized TiO2 film 

  
Figure 1.a. UV–Vis absorption spectra of bare 

TiO2 film and the TiO2 films sensitized 
byCdSe and  ZnS/CdSe QDs 

 
Figure 1.b. UV–Vis absorption spectra of bare 
TiO2 film and the TiO2 films sensitized with 

different silar cyles 

Figure 1 shows the UV–Vis absorption 
spectra of bare TiO2 film, the TiO2 films 
sensitized by CdSe and  ZnS/CdSe QDs. We 
saw that TiO2 absorbtion edge in the UV 
region was around 339 nm.  Electrode 
TiO2/CdSe (soaked TiO2 in CdSe 20 hours) 
and ZnS/CdSe co-sensitized TiO2 had the 
absorbtion edge around 510 nm, 
corresponding to particle size was about 2.2 
nm and 2 nm. This showed CdSe quantum 
dots were successfully absorbed onto TiO2 
by soaking methods without the support 
associated molecules and ZnS had been 
coated TiO2/ CdSe. These results proved that 
the optical performance of co-sensitized 
TiO2 thin films can be monitored by studying 
the absorbance and energy band gap of the 
materials. As expected, the absorbance 
increased with the deposition cycles of ZnS 
and CdSe. When the number of SILAR 
cycles increased, the absorbtion edge shifted 
towards the red wavelength, which is 
favorable for increasing the absorption range 
and performance of the battery. 

3.2 XRD spectra 
To examine the structure of CdSe quantum 
dots, ZnS coating on TiO2, we survey the 
X-ray diffraction spectrum. The XRD 
spectra indicated the successfully coating of 
ZnS and CdSe nanocrystals on the TiO2 to 
form TiO2/QDs CdSe/ZnS. Except of peaks 
from anatase TiO2 and Ti substrate, it only 
showed two broad peaks (2 2 0) and (3 1 1) 
corresponding to 42.6o, 51.4o belonging to 
a single cubic phase of CdSe and 48.3o and 
54.8o belonging to a single cubic phase of 
ZnS.  

 
Figure 2.  XRD spectra of  bare TiO2 film (b) and TiO2/ Qds CdSe/ZnS (a) electrod 
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3.3 Photoluminescence spectra 

 
Figure 3. (a) Photoluminescence spectra TiO2/ CdSe  (2), TiO2/ CdSe / ZnS (3) and absorption 

spectra of TiO2/ CdSe (1); (b) Photoluminescence spectra of CdSe solution 
 

Figure 3 (a) and (b) showed that the CdSe 
quantum dots absorbed onto TiO2, 
luminescence intensity  decreased about 80 
times lower than luminescence intensity of 
the solution of CdSe (Figure 3b). 
Furthermore, Figure 3 (a) also showed the 
Stock shift between the absorption and 
photoluminescence peak of the TiO2/QDs 
CdSe about 0.54eV. When ZnS coated 
TiO2/QDs CdSe to construct TiO2/QDs 
CdSe/ZnS, Stock shift between the 
absorption and photoluminescence  peak  

down to about 0.4eV This was due to the 
ZnS layer has surface passivation states of 
CdSe quantum dots, which helped to 
protect the growth of QDs CdSe when heat 
treatment [7]. On the other hand wrapping 
ZnS helped photoelectron of CdSe not to 
move back to the electrolytic dissociation 
solution. This is a very important feature in 
fabrication of quantum dot solar cells. It 
helped to improve performance of the 
battery.  

 
 

Figure 4. FE-SEM images of TiO2 /ZnS/CdSeusing SILAR processes 

(scale bars: (a) 50000, (b)100000) 
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3.4 FE-SEM  study of ZnS/CdSe QDs 
on the TiO2 surface 

In order to get the information on the 
surface of the TiO2/QDsCdSe/ZnS 
electrode, the FE-SEM was carried out. 
Figure 4 showed the FE-SEM image of of 
ZnS/CdSe co-sensitized TiO2 film by 
SILAR. It can be seen that photoanode 
remained porous structure and particle size 
was uniform after immersion in  CdSe, ZnS 
solution and TiO2 films by SILAR method.  

3.5 Photovoltaic performance of 
CdS/CdSe co-sensitized TiO2 film 

In order to understand the effects of 
SILAR cycles of ZnS and CdSe, we 
prepared a series of combinations of ZnS 
and CdSe QDs on TiO2 films, investigated 
their photovoltaic performances with 
polysulfide electrolyte.   

 

 

 
Figure 5.  The I–V curves of the QDSSCs of M1, M2, M3 and M6 

The Figure 5 presented the characteristic 
parameters of the battery, sample M1 
(TiO2/QDs CdSe) without ZnS coating 
performance of battery was low, 0.002% 
and the power conversion efficiencies of 
QDSSCs are increasing with the SILAR 
cycle number of ZnS. The performance of 

M2 (ZnS coating) increased about 30 
times, current density was higher 10 times 
than the M1. This was appropriate to the 
results of other authors [6]. From M3 and 
M6 sample, it can be seen that the power 
conversion efficiencies of QDSSCs are 
increasing with the increasing SILAR 
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cycles. Typically the SILAR cycle 
number of ZnS was 3, battery efficiency 
was η = 0.31%. 

4. CONCLUSION 
In summary, amount of ZnS/CdSe co-
sensitized TiO2 photoanodes for QD-
sensitized solar cells were prepared by 
successive ionic layer absorption and 
reaction (SILAR) processes (after 3 cycles 
of SILAR CdSe). We have evaluated the 
number of CdS and CdSe SILAR cycles 

effect on the optical and electrochemical 
properties of the cells. The increasing 
SILAR cycles of both CdS and CdSe lead 
to an increase in the light absorption, but 
show different impacts on the performance 
of QDSSC. With the deposition of CdS 
increasing, the short-circuit current density 
of device is enhanced, which is attributed 
to higher light harvesting and improvement 
of electron injection efficiency. 
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ABSTRACT 
Function of the direct lightning protection system using ESE (Early Streamer Emission)conductor (ESE lightning 
rod) is to attract lightning to strike into it, and afterwards it transfers electric current generated by lightning into the 
ground safely. Thence, it creates a safe volume called protection zone of lightning rod to protect other structural 
components of the construction which need protecting from direct lightning stroke. The way to determine 
protection zone has been presented in [1,2,3]. But reliability of protection zone of ESE lightning rod has not been 
introduced in [1,2,3]. Based on electrogeometric model theory and collection volume method this article researched 
and proposed the way to calculate reliability of the protection zone of ESE lightning rod. 

Keywords: ESE lightning rod, Protection zone, Electro geometric model, Collection volume. 
 

1. INTRODUCTION 
According to [1,2], the protection zone of 
ESE lightning rod can easily be drawn in 
space and completely determined. The most 
basic condition of a lightning rod is to protect 
constructions located in protection zone from 
lightning appearing in this zone. Thence, the 
reliability of protection zone of ESE is the 
protection ability when performing lightning 
function in a certain period of time at a 
certain operating conditions. 

Thus, we need to consider protection zone 
of ESE with influent parameters : the height 
h(m) of lightning rod, discharge distance 
D(m), distance gain ΔL(m), structure of 
construction, environmental parameters of 
the work place, ability to generate inductive 
electrolysis of the structure of construction 
and the ground around. 

2. THE COLLECTION VOLUME OF 
ESE LIGHTNING ROD 

The collection volume of ESE lightning rod 
is understood to be the space when 
downward leader developed from 
thundercloud to this area, the possibility of 
being struck at the top of lightning rod with 
100% probability. 

According to [1,2] ∆L is modeled with the 
circle having the center is the top of ESE 

with ∆L radius. The set of points cutting the 
above circle (or the body) and the ground  
a distance which is equal to discharge 
distance D, creating a parabol called 
simultaneous ability line. 

Therefore, the collection volume of ESE 
lightning rod is the space limited by equal 
probability locus and a hemisphere whose 
radius is the sum of discharge distance and 
distance gainof ESE (D+∆L). In Oxy axes, 
collection volume is the volume limited by 
equal probability locus and the arc whose 
radius is D+∆L. 

In Oxy axes, draw a circle with center 
O(0,h), put at top of the ESE with radius ∆L 
having equation : 

x2 + (y - h)2 = ∆L2 (1) 

Axis Ox has equation : y= 0 

The circle with center O’(x0,y0), radius D 
having equation: 

(x - x0)2 + (y - y0)2 = D2 (2) 

To O(0,h) contact with O’(x0,y0): 

𝑥𝑥02 + (y0  − h)2 = (∆L +  D)2 (3) 
To O’(x0,y0)contact with Ox: 

y0 = D (4) 

From these conditions having equation: 
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𝑦𝑦0 = 𝑥𝑥02

2(∆L+h) + ℎ−∆L
2

 (5) 

A collection of centers O’(x0,y0) of the 
above parabol is equal probability locusand 
a part of boundary of collection volume. 
Figures 1,2,3 illustrate collection volume of 
ESE lightning rod corresponding with cases 
ofh<∆L, h=∆L and h>∆L. 

 
Figure 1. Collection volume of ESE 
corresponding with cases of h<∆L 

 
Figure 2.Collection volume of ESE 
corresponding with cases ofh=∆L 

 
Figure 3. Collection volume of ESE 
corresponding with cases ofh>∆L 

In case of  h>∆L, equal probability locus 
also includes a part of  lines y=x and  
y=-x. 

3. THE MODEL GEOMETRY OF 
THE COMPONENTS IN THE 
SPACE OF ESE LIGHTNING ROD 

But, If we just base on collection volume in 
space of ESE lightning rod, we can not 
determine danger partition inside protection 
zone. Thus, basing on collection volume, 
geometric model is devided into discharge 
to ESE, discharge to ground separated by 

equal probability locusand especially 
discharges into the bodyof ESE lightning 
rodwhen h > ∆L when considering structure 
standard between ground, body and top of 
ESE lightning rod is uniform. 

According to [1,2], if h>L and discharge 
distance D is smaller than Dmin, it will be a 
discharge areas into the body. Thus,if the 
construction is laid in this area, it will be 
struck in case of  small lightning current 
amplitude corresponding with high 
protection level of ESE. Dmin is calculated 
with: 

𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 = (ℎ + ΔL) −�2∆𝐿𝐿(ℎ + ∆𝐿𝐿)(6) 

Thus, to determine the reliability of ESE 
lightning rod, we need to determine the 
probability of danger zone formation and 
the probability of lightning discharges 
taking place in this region. 

 
Figure 4. Discharge areas corresponding with 

cases ofh<ΔL 

 
Figure 5. Discharge areas corresponding with 

cases ofh=ΔL 

 
Figure 6. Discharge areas corresponding with 

cases ofh>ΔL 
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4. THE PROBABILITY OF 
FORMING DANGER ZONE  IN 
PROTECTION AREA OF A ESE 
LIGHTNING ROD 

Danger zone exists when D<Dmin,when the 
lightning current amplitude appears smaller 
than the critical value Imin. Thus, the 
probability of forming danger zone  in 
protection area of a ESEis P(Imin); 
according to [4.5],I(kA) is determined  
approximately by relationship between 
discharge distance and lightning current 
amplitude as followings : 

D = 10×I0.65 (7) 

In Vietnam, according to [6] the amplitude 
of a lightning current typically ranges from 
2kA to 200kA. According to statistical 
values P(I) in Vietnam as followings: 

1% of lightning currents exceeds 200kA 

10% of lightning currents exceeds 80kA 

50% of lightning currents exceeds 28kA 

90% of lightning currents exceeds 8kA 

99% of lightning currents exceeds 3kA 

5. DETERMINE THE PROBABILITY 
OF LIGHTNING STRUCK IN THE 
DANGER ZONE 

5.1 Areas with 100% probability of 
lightning struck at the top of lightning rod 
According to A.KOPLAN model, similar to 
Franklin’s lightning rod with its height h. A 
simple way, we can consider ESE including 
many top of franklin rod extended with a 
range equal to ∆L appearing at points in the 
circle having center is the top of ESE. hESE 
is the distance from the ground to the top of 
the circle having radius ∆L. If downward 
leader appears at the height with the 
distance to the top of the conductor smaller 
than 3.5hESE, the probability of lightning 
stroke is 100%. If it is bigger than 
5hESE ,the probability is 0%.And if it 
appears in the range from 3.5hESE to 5hESE, 
there will be lightning stroke at top of the 
conductor or at ground. 

 
Figure 7. The ability to discharge 

corresponding with the ESE lightning rod 
5.2 Determine the probability of 
lightning struck in a given area 
After limiting lightning area that can affect 
to lightning rod, we will calculate the 
probability of lightning striking into any 
given areas with the assumption that the 
conductance density of the environment is 
the same. 

Suppose that we consider an area having 
the probability of lightning striking into 
ESE smaller than 100%. To examine, we 
need to devide it into partitions having the 
same width in the direction to the center. It 
can be hypothesized that, if downward 
leader appears at the high navigation in any 
partitions, the dischrage process can just 
develop and end in that partition. 

 
Figure 8. Partitions with probability of 

lightning discharges corresponding linearized 

We suppose Pi (i=1÷n) to be the probability 
that lightning not strikes into ESE if top of 
downward leader appears at the borders of 
partitions.Thus, for each i partition, 
probability of top of downward leader 
orienting not down to ESE is the average 
value of  probability of two margins (P va 
Pi). According to linearization rule, if 
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called Ri and ri are corresponding with the 
distance from the top of the ESE to the 
outside edge and inside edge of i partition, 
then at the height navigation H it easy to 
determine the probability that lightning 
does not strike ESE ongoing discharge 
process in the partition will be: 

𝑃𝑃𝑎𝑎 = (𝑟𝑟𝑖𝑖−3,5ℎ𝐸𝐸𝐸𝐸𝐸𝐸)+(𝑅𝑅𝑖𝑖−3,5ℎ𝐸𝐸𝐸𝐸𝐸𝐸)
3ℎ𝐸𝐸𝐸𝐸𝐸𝐸

 (8) 

According to [6], probability of  lightning 
strike area in a year is the multiplication of 
lightning density to the ground and useful 
area of lightning of that area. Considering 
the projection surface by the survey area 
(circle radius 5hESE) is divided into 
partitions, useful area of lightning area is 
calculated: 

Ac = πR2 = 25πhESE
2  (m2)    (9) 

Also from [6], if the area if there is 
lightning density Ng (times/km2.year) there 
will be a total of lightning strikes Nd is 
calculated as follows: 

Nd = Ac × Ng × 10-6 = Ng.25πhESE
2.10-6 

(times/year) (10) 

Total number of times lightning appeared in 
partition i will be: 

Nn
(i) = Ng.π. (Ri

2 − ri2). 10−6 (times/year)
 (11) 

Theoretically, the probability of appearing 
of lightning in partition i is: 

Pi = Nn
(i)

Nd
= Ri

2−ri
2

25hESE
2  (12) 

Therefore, The probability of appearing and 
proceeding of lightning in i zone : 

𝑃𝑃0 = 𝑃𝑃𝑚𝑚 × 𝑃𝑃𝑎𝑎 =

�(𝑟𝑟𝑖𝑖−3,5ℎ𝐸𝐸𝐸𝐸𝐸𝐸)+(𝑅𝑅𝑖𝑖−3,5ℎ𝐸𝐸𝐸𝐸𝐸𝐸)
3ℎ𝐸𝐸𝐸𝐸𝐸𝐸

� . � 𝑅𝑅𝑖𝑖
2−𝑟𝑟𝑖𝑖

2

25ℎ𝐸𝐸𝐸𝐸𝐸𝐸
2 � (13) 

Therefore, to determine the probability of  
lightning striking into  given danger zone, 
we simply devide the zone having 
probability to be struck less than 100% into 
same partitions as long as each of them can 
contain the whole danger zone. 

 
Figure 9. Illustrating the danger zone without 

considering the works 

 
Figure 10. Illustrations lightning discharge 

partition when considering the works 
Specificly determine partition where 
downward leader appears and proceeds to 
discharge into protection zone. 
From Figure 10, we will have 
Rp

5hESE
= Ri−ri

1,5hESE
 (14) 

with ri = 3,5hESE 

Ri = 3Rp
10

+ 3,5hESE (15) 

From there, getting 

P0∗ = � 3Rp
30hESE

� . �9Rp
2+210hESERp
2500hESE

� (16) 

Rp is the protective radius of ESE having 
the height h. 
6. THE FORMULA FOR 

DETERMINING THE 
RELIABILITY OF THE 
PROTECTION ZONE OF ESE 
LIGHTNING ROD 

6.1 Considering not work, only the effect 
of ESE lightning rod 
As presented, in case of the height h of ESE 
is bigger than distance gain∆L of  ESE, 
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protection zone will not have 100% 
reliability. We call: 
Probability to generate danger zone inside 
protection zone is P(Imin). 

Probability to have electric discharge into 
danger zone is Po which is determined by 
formula (13). 

Therefore, we can calculate total probability 
to have electric discharge into danger zone: 

PΣ = P0 × P(Imin) (17) 

In other words, the reliability of main 
protection zone of a ESE is: 

P = 1- PΣ (18) 

6.2 Considering work and ESE lightning 
rod 
Actually, there will be protected 
constructions laying under protection zone 
of ESE. In this case, with determined 
protection zone, if the amplitude of 
lightning current  is I(kA), we will have 
total probability to have electric discharge 
into protection zone : 

𝑃𝑃Σ∗ = 𝑃𝑃0∗ × 𝑃𝑃(𝐼𝐼) (19) 
Or, the reliability of main protection zone 
of ESE is : 

𝑃𝑃∗ = 1 − 𝑃𝑃Σ∗ (20) 

Therein, probability of electric discharge 
into danger zone 𝑃𝑃𝑜𝑜∗  is determined by 
formula (16). 

If h<∆L, the reliability of main protection 
zone of ESE conductor will be 

(1 − 𝑃𝑃Σ∗) (21) 

In case of h>∆L, the reliability of protection 
zone will be 

(1 − 𝑃𝑃Σ∗). (1 − 𝑃𝑃Σ) (22) 

7. CONCLUSION 
It can be said that the method to calculate 
reliability of protection zone of direct 
lightning protection system using ESE 
basing on electrogeometric model theory 
and the collection volume theory can help 
determine the actual operating efficiency of 
ESE conductors. 

Therefore, to a certain extent, this 
theoretical method can be applied to 
determine the protection ability in 
calculating, designing direct lightning 
protection system using ESE 
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ABSTRACT 
Nowadays, the use of ESE (Early Streamer Emission), a kind of lightning conductor, in anti-lightning has shown 
more outstanding advantages in comparison with traditional Franklin rods. In using ESE, ∆L is crucial in 
measuring the protection zone. In reality, distance gain ∆L is not a constant as provided from manufacturers, it 
will change along with the height of lightning conductor and discharge distance. Algebraic analysis of the 
experimental values has been introduced in [1], but there are still a few shortcomings : basing on old data, 
lacking of consistency, high level of interpolation . Through Lagrange method, this article gives a solution to 
measure ∆L and remedy shortcomings in [1]. 

Keywords: Early Streamer Emission, The average excitation advance, Lagrange interpolation. 
 

1. INTRODUCTION 
According to [2,3] , we have the formula of 
the protective radius of ESE as following: 

)2()2( LDLhDhRp D+D+−=  (1) 

with : 

Rp_the maximal protective radius, m. 

h_the height of the rod (from ground to top 
of ESE terminal), m. 

ΔL_distance gain of ESE, m. 

D_discharge distance, m. Values of D are 
presented in the following Table 1 [4,5,6,7]. 

Table 1. Levels of lightning protection and 
values of discharge distance D 

Level D(m) Minimum current (kA) 
I 20 3 
II 30 5 
III 45 10 
IV 60 16 

From (1), we have: 

∆𝐿𝐿 = �𝑅𝑅𝑝𝑝2 + (𝐷𝐷 − ℎ)2 − 𝐷𝐷 (2) 

Data tables in [8,9,10,11,12,13,14] give us 
values of the experimental 
maximalprotective radius (Rp)  depending 
on the height (h) and discharge distance D. 

Using formula (2), we will have values of  
the corresponding experimental distance 
gainΔL of ESE. The followings are the 
three typical data tables 2, 3, 4, 5, 6 and 7: 
Table 2. Values of the experimental Rp(m)of 

Pulsar 60 
h(m) Level I Level II Level III Level IV 

2 32 35 40 44 
3 48 52 59 65 
4 64 69 78 87 
5 79 86 97 107 
6 79 87 97 108 
8 79 87 99 109 

10 79 88 99 109 
15 80 89 101 111 
20 80 89 102 113 
45 80 90 105 119 
60 80 90 105 120 

Table 3. Values of the experimental ΔL(m)of 
Pulsar 60 

h(m) Level I Level II Level III Level VI 
2 16.7151 14.8219 13.7282 12.8011 
3 30.9215 28.5918 27.4224 26.4523 
4 45.9697 43.7360 43.119 43.4650 
5 60.4114 59.5600 59.9238 60.3079 
6 60.2309 60.2497 59.5466 60.7477 
8 59.9062 59.7385 60.6882 60.7684 
10 59.6304 60.2441 60.0048 59.9208 
15 60.1561 60.2552 60.3613 59.7748 
20 60.0000 59.5600 60.0190 59.8708 
45 63.8153 61.2414 60.0000 59.9417 
60 69.4427 64.8683 61.0660 60.0000 
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Table 4. Values of the experimental Rp(m)of 
Ellips 1.3 

h(m) Level I Level II Level III Level VI 
2 25 28 32 36 
3 38 41 48 53 
4 51 57 65 72 
5 62 71 81 89 
10 63 72 83 92 
20 65 74 86 97 
60 66 75 90 105 

Table 5. Values of the experimental ΔL(m)of 
Ellips 1.3 

h(m) Level I Level II Level III Level VI 
2 10.8058 9.5980 8.6004 8.2642 
3 21.6293 19.0918 18.7809 17.8332 
4 33.4509 32.6498 31.8505 31.2140 
5 43.7887 45.2728 45.3383 44.6231 

10 43.7887 44.7262 45.0777 44.7091 
20 45.0000 44.6726 44.5600 44.9238 
60 57.1751 50.7775 46.2414 45.0000 

Table 6. Values of the experimental Rp(m)of 
Pulsar 30 

h(m) Level I Level II Level III Level VI 
2 19 22 25 28 
3 28 33 38 42 
4 38 44 50 57 
5 48 55 63 71 
6 48 55 64 72 
8 49 56 66 75 
10 49 57 66 75 
15 50 58 69 78 
20 50 59 71 81 
45 50 60 75 89 
60 50 60 75 90 

Table 7. Values of the experimental ΔL(m)of 
Pulsar 30 

h(m) Level I Level II Level III Level VI 
2 6.1725 5.6090    4.7393    4.4050 
3 12.7567 12.6380    11.6392    10.8025    
4 21.2311 21.1077    19.6607    19.9062    
5 30.2892 30.4152    29.6257    29.8109    
6 30.0000 30.0083    29.9466    30.0000    
8 30.4480    30.1664    30.6637    31.2634    
10 30.0100 30.4070    29.7061    30.1388    
15 30.2494 29.9083    30.2396    30.0500    
20 30.0000 29.8415    30.2728    30.3383    
45 35.9017 31.8466 30.0000 30.2552 
60 44.0312 37.0820 31.4853 30.0000 

It is clearly seen from the above data table, 
the alteration rules of Rp and ΔL : 

- From minimum height hmin to hm, 
the alteration of ΔL and Rp along 
with h is very huge. 

- From hm to h0=D, ΔL and Rp 
remain unchanged 

- From h0 to hmax (except D=60), Rp 
is a constant but ΔL changes along 
with h significantly. 

From there we can find the polynomial 
interpolation parameters ΔL with 2 
variables are height h and the discharge 
distance D (function ΔL=f (h, D)) 
Proceed interpolation in pairs (hj, ΔLij) to 
find ΔLi=fi(h), i=1,2,3…. Degree of 
polynomial interpolation was chosen as the 
terms and conditions errors or agreed to 
change the rules of the experimental values. 
After the function ΔLi=fi(h), we again 
proceed interpolation between each pair of 
elements coefficients of the function 
ΔLi=fi(h) for each discharge distance D. As 
a result, we have been content ΔL = f(h,D) 
with degree according to h and coefficient 
with degree according to D. 
From there we can apply Lagrange 
polynomial interpolation proceed founded 
for polynomial interpolation of ESE in two 
ranges interpolated is: 

- Range 1: reviews from hmin to hm to 
have the function ΔL= ΔL1=f1(h,D). 

- Range 2: reviews from hm to hmax to 
have the function ΔL= ΔL2=f2(h,D) 

2. RESULTS APPLICATIONS 
LAGRANGE POLYNOMIAL 
INTERPOLATION TO FIND 
POLYNOMIAL INTERPOLATION  

2.1 ΔL = f(h,D) of Pulsar 60 

In range 1, ΔL1=f1(h,D)  had degree 3 
according to h, and the coefficient had 
degree 3 according to D, as follows: 
ΔL1=f1(h,D)=A1*h3+B1*h2+C1*h+D1 (3) 
With the coefficients determined as follows: 
A1= (-7.78629629629603e-06)*D3 + 
0.000148409259259218*D2 + 
0.0199368333333353*D - 
0.637193333333360 
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B1=(9.60705555555435e-05)*D3 - 
0.00403263611110957*D2 - 
0.0673472500000591*D 
+4.78478500000071 

C1= -0.000369199814814784*D3 + 
0.0223822712962927*D2 - 
0.267762249999873*D + 
5.18186833333206 

D1= 0.000309256666666669*D3 - 
0.0149856500000005*D2 - 
0.0820951666666350*D 
+1.78300999999945 

In range 2, ΔL2=f2(h,D)  had degree 2 
according to h, and the coefficient had 
degree 3 according to D, as follows: 

ΔL2=f2(h,D)=A2*h2+B2*h+C2

 (4
) 

With the coefficients determined as follows: 

A2= (2.57170033670018e-08)*D3 + 
(1.59571296296311e-06)*D2  
-0.000366441893939398*D + 
0.0112756196969697 

B2=(-6.47443602693506e-07)*D3– 
0.000132245787037048*D2 + 
0.0165299473484853*D  - 
0.419717825757581 

C2= -0.000105671262626256*D3 + 
0.0152822972222215*D2– 
0.685972189393908*D + 
69.4795086363630 

Based on the finding polynomial 
interpolation, we calculated values ΔL and 
Rp corresponding as followstables 8,9: 

Table 8. Data calculated ΔL of Pulsar 60 

h(m) Level I Level II Level III Level VI 
2 16.7151 14.8219 13.7282 12.8011 
3 30.9215 28.5918 27.4224 26.4523 
4 45.9697 43.7360 43.1190 43.4650 
5 60.4114 59.5600 59.9238 60.3079 
6 60.3169 59.5262 59.9251 60.2705 
8 60.1567 59.4731 59.9299 60.1993 

10 60.0347 59.4394 59.9375 60.1328 
15 59.8976 59.4394 59.9692 59.9871 
20 60.0000 59.5600 60.0190 59.8708 

45 64.1051 61.9729 60.5382 59.7308 
60 69.4427 64.8683 61.0660 60.0000 

Table 9. Data calculated Rp of Pulsar 60 

h(m) Level I Level II Level III Level VI 
2 32 35 40 44 
3 48 52 59 65 
4 64 69 78 87 
5 79 86 97 107 
6 79.0873 86.2493 97.4078 107.4662 
8 79.2534 86.7262 98.1900 108.3691 

10 79.4075 87.1746 98.9287 109.2332 
15 79.7410 88.1726 100.5909 111.2291 
20 80 89 102 113 
45 80.3036 90.7415 105.5382 118.7875 
60 80 90 105 120 

2.2 ΔL = f(h,D) of Ellips 1.3 
In range 1, ΔL1=f1(h,D)  had degree 3 
according to h, and the coefficient had 
degree 3 according to D, as follows: 
ΔL1=f1(h,D)=A1*h3+B1*h2+C1*h+D1

 (5
) 
With the coefficients determined as follows: 
A1= -0.000105611111111111*D3 + 
0.0128349444444444*D2 
-0.483041111111111*D + 
4.95808333333333 
B1= 0.00120124722222222*D3 - 
0.147034486111111*D2 + 
5.60025458333332*D -58.5793749999999 
C1= -0.00425049722222221*D3 + 
0.522291347222221*D2-20.028947638888
8*D + 223.239741666666 
D1= 0.00452336555555555*D3 
-0.555288127777778*D2 + 
21.2419218333333*D - 236.829410000000 
In range 2, ΔL2=f2(h,D)  had degree 2 
according to h, and the coefficient had 
degree 3 according to D, as follows: 
ΔL2=f2(h,D)=A2*h2+B2*h+C2 (6) 
With the coefficients determined as follows: 
A2= (4.98271043771036e-08)*D3 – 
(7.26601936026924e-06) *D2 + 
0.000212287045454541*D+ 
0.00232794393939399 
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B2= (-7.87486279461287e-06)*D3 + 
0.00126282752104378*D2 - 
0.0588472428030305*D + 
0.713918734848487 

C2= 0.000138799747474740*D3 - 
0.0214579760101001*D2 + 
1.01233837121210*D + 
31.0175477272729 

Based on the finding polynomial 
interpolation, we calculated values ΔL and 
Rp corresponding as followstables 10, 11: 

Table 10. Data calculated ΔL of Ellips 1.3 

h(m) Level I Level II Level III Level VI 
2 10.8058 9.5980 8.6004 8.2642 
3 21.6293 19.0918 18.7809 17.8332 
4 33.4509 32.6498 31.8505 31.2140 
5 43.7887 45.2728 45.3383 44.6231 

10 43.9892 44.8976 44.9935 44.7398 
20 45.0000 44.6726 44.5600 44.9238 
60 57.1751 50.7775 46.2414 45.0000 

Table 11. Data calculated Rp of Ellips 1.3 

h(m) Level I Level II Level III Level VI 
2 25 28 32 36 
3 38 41 48 53 
4 51 57 65 72 
5 62 71 81 89 

10 63.2030 72.1779 82.9086 92.0349 
20 65 74 86 97 
60 66 75 90 105 

2.3 ΔL = f(h,D) of Pulsar 30 

In range 1, ΔL1=f1(h,D)  had degree 3 
according to h, and the coefficient had 
degree 3 according to D, as follows: 

ΔL1=f1(h,D)=A1*h3+B1*h2+C1*h+D1

 (7
) 

With the coefficients determined as follows: 

A1= (-4.25479629629631e-05)*D3 + 
0.00420623425925927*D2 
-0.117743916666667*D + 
0.795018333333335 

B1= 0.000423973888888891*D3 - 
0.0412815861111114*D2 + 
1.13051391666668*D  - 
6.58458500000008 

C1= -0.00127911037037036*D3 + 
0.121292974074073*D2 - 
3.17259066666663*D + 
21.3647066666661 

D1= 0.00123408333333334*D3 - 
0.114155250000001*D2 + 
2.80140416666671*D - 16.3379500000004 

In range 2, ΔL2=f2(h,D)  had degree 2 
according to h, and the coefficient had 
degree 3 according to D, as follows: 

ΔL2=f2(h,D)=A2*h2+B2*h+C2

 (8
) 

With the coefficients determined as follows: 

A2= (2.10463804713806e-07)*D3 – 
(2.02794149831651e-05) *D2 + 
0.000339906186868692*D+ 
0.00635829545454539 

B2= (-1.75488543771043e-05)*D3 + 
0.00196717278198652*D2 - 
0.0600578991161613*D + 
0.367190613636359 

C2= 0.000201866010101012*D3 - 
0.0232796285353539*D2 + 
0.775101007575763*D + 
23.2533395454544 

Based on the finding polynomial 
interpolation, we calculated values ΔL and 
Rp corresponding as followstables 12, 13: 

Table 12. Data calculated ΔL of Pulsar 30 

h(m) Level I Level II Level III Level VI 
2 6.1725 5.6090    4.7393    4.4050 
3 12.7567 12.6380    11.6392    10.8025    
4 21.2311 21.1077    19.6607    19.9062    
5 30.2892 30.4152    29.6257    29.8109    
6 30.1757 30.3211 29.6721 29.8572 
8 29.9891 30.1569 29.7635 29.9449 
10 29.8564 30.0246 29.8531 30.0264 
15 29.7600 29.8334 30.0688 30.2022 
20 30.0000 29.8415 30.2728 30.3383 
45 36.2464 32.8719 31.1181 30.4243 
60 44.0312 37.0820 31.4853 30.0000 

Table 13. Data calculated Rp of Pulsar 30 

h(m) Level I Level II Level III Level VI 
2 19.0000 22.0000 25.0000 28.0000 
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3 28.0000 33.0000 38.0000 42.0000 
4 38.0000 44.0000 50.0001 57.0000 
5 48.0000 55.0000 63.0000 71.0000 
6 48.1830 55.3411 63.6783 71.8214 
8 48.5274 55.9898 64.9660 73.3900 

10 48.8432 56.5946 66.1664 74.8649 
15 49.5082 57.9227 68.8137 78.1757 
20 50.0000 59.0000 71.0000 81.0000 
45 50.3851 61.0563 76.1181 89.1715 
60 50.0000 60.0000 75.0000 90.000 

Different conductors with the same Δt have 
experimental Rp and ΔL calculated by 
equivalent formula (2). Basing on polynomial 
interpolation, we can calculate data table of 
ΔL and Rp corresponding with ESE lightning 
conductors having the same ΔL. 

3. CONCLUSION 
As can be seen from the given data and 
calculated results, in reality, we can select  
Lagrange interpolation method with 
appropriate range and degree to have the 
most accurate result. The application of 
interpolation into realistically technical 
calculations is crucial and practically 
meaningful because it will help us reduce 
the cost of collecting and specifying the 
data by using trend line and correlated 
relationship between parameters calculated 
by interpolation. 
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ABSTRACT 
It is an undeniable fact that poor management of solid waste leads to many serious environmental problems, such 
as pollution of air, water and land, greenhouse effects, acid rain, and so on. While citizens in developed countries 
take active part in reducing the adverse effects of pollution caused by solid waste, the public involvement in the 
task in Vietnam is still unrecognized. The research is aimed at finding out how much English-majored students 
at Ho Chi Minh City University of Technology and Education are concerned about the issue so that practical 
actions will be taken to improve the situation. Interviews with cleaning staff and questionnaires to students in 
Faculty of Foreign Languages were employed as tools to collect data. This research project reveals an optimistic 
fact that the students have keen awareness of properly placing refuse, bad and wide-spread effects of solid waste 
and their important roles in managing solid waste.   

Key words: English-majored students, refuse management, awareness, behavior, involvement 

 

1. INTRODUCTION 
Many countries in the world, especially in 
developing countries, are facing solid 
waste problems (Thanh & Matsui, 2011; 
Nguyen et. al., 2009.). In Vietnam, Thanh 
and Matsui’s (2011) affirm that 
approximately 15 million tons of solid 
waste is produced annually and only a 
small part of this huge amount is properly 
treated by treatment plants. Most of the 
waste is dumped at the landfill sites. 
Besides, street wastes are easily found in 
both urban and rural areas. In general, 
solid waste management in this country is 
alarmingly in need of improvement. 

A lot of reasons have been presented to 
explain for the situation, such as shortage 
of money, insufficient human resources 
and especially lack of social awareness of 
managing the waste. Among those factors, 
people’s attitude is more concerned, 
because their behaviors are determined by 
their environmental awareness 
(Müderrisoglu and Altanlar, 2011). 
However, although education plays a 
crucial role in enhancing people’s attitude 

(Nameghi & Shadi, 2013), what should be 
taught and how environment education 
should be provided must be carefully 
considered. Studies on awareness of 
different groups of residents are needed 
before educational treatments are given. 
Accordingly, this research was carried out 
to find out awareness of solid waste 
management of English-majored students 
who own markedly different 
characteristics from the others at Ho Chi 
Minh City University of Technology and 
Education so that appropriate approaches 
to environment education will be adopted 
for this specific group. 

2. LITERATURE REVIEW 
In order to improve environmental pollution 
as well as solid waste problems, many 
strategies have been introduced. They are 
involved in waste management and 
treatment, monetary factors, policies, 
legislation, social contribution, and 
environmental education (Thanh & Matsui, 
2011). Among them, raising public 
awareness of these issues is one of the most 
important matters.  
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According to Leszcsynska (2010), 
Müderrisoglu and Altanlar (2011), Sarker , 
Sarker, Islam and Sharmin (2012),  and 
Squires (2006), although there are 
differences in awareness of people in 
developed and developing countries, people 
differing in majors, gender, etc. around the 
world are all concerned about 
environmental issues and solid waste 
management. Besides, though these studies 
do not mention whether or not their 
participants are aware of their role in 
municipal solid waste management, they 
showed that the people have knowledge 
about this matter, and a significant number 
of them even take action to protect the 
environment and improve the problem. 

In Vietnam, while many people, mostly 
from urban areas, are aware of managing 
solid waste by putting them in proper 
places, some do not care much about solid 
waste management (Nguyen, 2012; Nguyen 
et. al., 2009).  According to Nguyen (2012), 
quite a few people do not want to pay for 
refuse collection, so they sneakily throw 
wastes into streets or put them in their 
neighbors’ gardens. In contrast, other 
studies show that most participants always 
put refuse at proper places and are willing 
to pay for solid waste collection system 
(Nguyen et. al., 2009), but do not classify 
wastes at home because they do not know 
how to do it, and the scoop dump trucks do 
not have different compartments for 
classified solid waste either (Cu et. al., 
2013). Furthermore, although they are all 
aware of putting the waste in the dust bins, 
they do not care about wastes on streets or 
outside the bins. 

3. METHODOLOGY  
The research is aimed at finding out the 
contribution of English-majored students at 
Ho Chi Minh City University of 
Technology and Education to the 
improvement of environment around them 
by investigating their awareness of and 
reactions to problems of wastes in their 
daily life. Two questions are to be answered 
by the end of the research: 

(1) Are English-majored students at Ho Chi 
Minh City University of Technology and 
Education aware of their roles in solid 
waste management at home and at the 
university? 

(2) To what extent are they actually 
involved in the management and 
treatment of solid wastes? 

Participants in the research were 81 English-
majored students at Ho Chi Minh City 
University of Technology and Education and 
two cleaners in charge of classrooms where 
students of Faculty of Foreign Languages 
have classes from 7.00 in the morning to 6.50 
in the afternoon every day. The students, 
including 35 freshmen, 12 sophomores, 21 
juniors and 13 seniors, were required to 
complete a questionnaire online at 
https://docs.google.com/a/hcmute.edu.vn/for
ms/d/1dc0bQzBT0azyA_Fke2mcwoOK9Ns
F0B7-6Wmdy1-yLH0/viewform?c=0&w=1. 
The cleaning workers were interviewed at 
their break time and the interviews lasted 
approximately eight minutes each.  

4. RESULTS  
First, participants were asked for their 
opinions about the management and 
treatment of solid wastes in Vietnam. Only 
8.64% of the participants think that solid 
wastes are well managed and treated. Most 
of them (88.89%) affirm that this work is 
quite bad in this country. Reasons for these 
assumptions are given in Table 1. 

Table 1: Sources of students’ assumption 
about solid waste management and treatment 

in Vietnam 

 N % 

Teachers informed them of the 
problem 8 9.88 

Family members told them about 
problem 16 19.75 

Friends usually discuss this matters 23 28.40 

The media (newspaper, internet, 
TV, etc.) talk about this problem 26 32.10 

They observe the facts around 30 37.04 

Others  12 14.81 
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It can be seen from the above table that while 
observations and friends have great influence 
on students’ believes of environmental 
situations, teachers play a minor role in 
raising their awareness of the fact.  

When talking about their roles in solid 
waste management, most students (96.06%) 
believe that they play important or very 
important roles because they think solid 
waste is a serious problem posing threat to 
the environment, which needs contribution 
of not only the whole society but also single 
individuals. Other reasons include 
importance of university graduates in 
society, the increasing population of 
students, and their roles in popularizing 
environmental protection practice and 
raising awareness of environmental 
pollution in communities. However, there 
are still some pessimistic students who pay 
no attention to the issue. These participants 
assume that managing wastes is the 
government’s or the society’s job and 
individuals have no or very little effects on 
solving the problem.  

Next, participants were required to inform 
of how they deal with refuse at the 
university. Most of them (93.83%) said that 
they usually put wastes, including food 
wrappers, plastic glasses, plastic bottles, 
food leftovers, and waste paper, in waste 
bins in classrooms or around the campus. 
Three students disclosed that when they 
cannot find a waste bin nearby, they usually 
keep the wastes in hands or in their bags 
and put them at proper places later. Only 
two students admitted that they usually 
leave wastes at their table when they cannot 
find a bin in the classroom. This result 
matches with answers to interviews of the 
cleaners. They admitted that although the 
amount of waste in their area is big, about 3 
full 20-kilo bags for 10 rooms, wastes are 
properly placed in the bins both inside and 
outside the classrooms. Rarely can they find 
refuse on tables or chairs. It is interesting to 
know that the students’ good behavior of 
refuse placement results from their 
conscious and unconscious awareness of 

environment protection. 71 participants 
shared that they want to keep the classroom 
and the campus clean and five stated that 
this practice is part of their habits.  

The students reactions to wastes found on 
the ground differ greatly. Only 50 out of 81 
students answer this question. About half of 
respondents (58%) think they will pick up 
and put the waste in the bin nearby, 16% 
will definitely pick up and place them 
properly, 6% will gather them but leave 
them where they are because they find no 
waste bins nearby, and 12% will ignore 
them. Others have different actions 
depending on the amount and type of 
wastes on the way. Some students disclosed 
that they sometimes want to collect wastes 
found on the paths in the campus or in their 
area but attitudes of other students 
sometimes discourage them. The cleaners 
also shared that their job is very hard 
mainly because of wastes in yards and on 
paths around the campus rather than those 
in the classrooms and along the halls.  

Although students recognize the importance 
of solid waste classification, as shown in 
Table 2, this practice is believed not 
popular among participants. 33 (40.74%) 
students never categorize solid wastes, 43 
(53.09%) sometimes do this job and only 5 
(6.17%) have this habit. A lot of excuses 
are given. While 44 students shared that 
their sorting solid wastes is to help protect 
the environment and save energy, many 
asserted that this practice is not obligatory 
because the government, the community 
and the university have no regulations 
regarding this issue. Other reasons include 
laziness, lack of facilities (i.e. there are no 
different bins for different types of solid 
wastes in public places), responsibility (i.e. 
this job is thought to be the duty of waste 
collecting and processing companies), 
wastefulness of time and efforts (i.e. 
categorized wastes will be placed together 
by waste collectors), and so on. However, 
despite a lot of excuses given above, most 
participants (96.3%) admitted that they 
always or sometimes gather newspapers, 
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waste papers and other recyclables and then 
sell them to scrap dealers. Only 3 (3.7%) 
students said that they rarely do this. It can 
be concluded that students are not always 
fully aware of their contribution to waste 
classification.  

Table 2: Students’ assumption about solid 
waste classification at sources 

 N % 

It’s useless 4 5.0 

It’s complicated and time-
consuming 2 2.5 

It’s very helpful to the environment 40 50.0 

It helps save money and time 32 40.0 

No idea 2 2.5 

5. DISCUSSION AND CONCLUSION  
In general, the results of the research reveal 
that English-majored students at Ho Chi 
Minh City University of Technology and 
Education are well aware of the situation of 
solid waste management and treatment in 
Vietnam which helps them recognize their 
roles in dealing with the problems now and 
in the future. It is clear that the media play a 
more significant role than teachers in 
raising students’ awareness of the problem 
which will turn into their actions later.  

The study also shows that although students 
do not fully recognize their involvement 
into helping manage solid wastes, they take 
active roles in the job. It is their 
environmental awareness and sense of 

responsibility that orient their proper 
placement of refuse in public places, 
thoughtful reactions to street wastes, and 
daily habits of storing and selling 
recyclables. Obviously, the students are 
highly conscious of the importance of 
keeping their living and working 
environment clean as well as their active 
contribution to the improvement of 
managing and treating solid wastes in this 
country. These conclusions are not merely 
from students’ responses in the 
questionnaire but are also fortified by job 
descriptions of cleaning workers 
interviewed.  

It is suggested that education should 
assume greater responsibility for students’ 
awareness of and behavior towards the 
issue so that pessimistic thoughts of 
environmental situations, regulations and 
policies among students can be eliminated 
as soon as possible. Furthermore, in order 
to enhance consistency with the 
encouragement of waste classification, 
more bins for different types of solid waste 
should be placed at public places. It is also 
important that the public should change 
their attitudes toward pedestrians’ practice 
of collecting street wastes, which will help 
delete embarrassment caused by their good 
acts. It is actually uneasy to be stared at as 
if you were from other planets even when 
you do good things for the community.
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ABSTRACT 
Nowadays, CNC machine center is one of the most important facilities in industrial manufacturing. In order to 
operate the CNC machine safely and efficiently, the engineer and worker who operate directly have to be educated 
and trained carefully and strictly. These education and training processes consume much money, time, energy, and 
material. Besides, these processes also might cause collision during the real cutting operation practices. This study 
was focused to tackle the disadvantages mentioned in the above processes. By investigation of many real CNC 
milling centers, and integration of many software about graphic designing, 3D simulation, and programming, a 
Virtual CNC Milling Simulation System (VCNCMSS) was constructed. This system consists of virtual CNC 
milling machines and virtual CNC control systems. The practitioners can learn and operate the virtual CNC milling 
machine simulation system before operating the real CNC machines. This system has been adopted by several 
vocational high schools and universities in education and training to demonstrate potential advantages of this study. 
By this method, an education and training center can reduce the cost, time, and energy. Moreover, this is also a way 
to protect the environment through the reduction of electrical energy, noise and waste of materials.  

Keywords: CNC, CNC machine, Virtual CNC simulation system, VCNCMSS, Machining education and training 

 

1. INTRODUCTION 
It is known that today Computer Numerical 
Control (CNC) technology is being used in 
all types of machinery such as milling, 
turning, drilling, grinding, and so on. CNC 
machinery has become the vital 
components in industrial manufacturing. 
Thus, learning the programming and 
machining operation is crucial for the 
teachers, students, engineers, and workers 
who directly work in a CNC machining. 
The training program of the CNC 
machining is important in the engineering 
education. It becomes the foundation of 
computer aided design (CAD) and 
computer aided manufacturing (CAM) 
training courses. However, these courses 
consume much money, time, energy, and 
material. Besides, these processes also 
might cause collision during the real cutting 
operation practices. Moreover, with the 
limited amount of real CNC machines, the 
learning and practice time for each learner 
will be quite limited, and sometimes it 

could not meet the learner’s requirements 
and desires. 

Many researches were performed and 
applied to solve the above problems. 
Modeling and Simulation were emerging as 
an increasingly important tool to tackle the 
disadvantages of education and training 
processes and to meet the demands of 
learners. Researchers believe that 
supporting simulation tools can improve 
student learning because simulation makes 
learners take active part in learning [1]. 
Simulation was considered as an effective 
and efficient training method. It is also 
suitable in the complex and dynamic 
operation for saving training time and 
training cost [2]. Besides, many virtual 
systems were already applied in education 
and training. By using this way, less 
material is wasted and interruption to actual 
machine on the shop floor can be avoided 
[3]. A number of virtual systems have been 
developed such as Virtual Machine, Virtual 
CNC Machine, Virtual Machine Tool, 
Virtual Controller, Virtual Assembly, 
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Virtual Manufacturing, and so on. 
Development of Virtual Machine Tool 
system has gained interest in the research 
community. These studies focused on 
construction of a complete machine tool [4]. 
Other virtual systems such as Virtual 
Assembly [5, 6], Virtual tooling [7-9] and 
Virtual Prototype [10] have also been 
investigated over the years. Within a 
Virtual environment, a Virtual Machine 
Tool Structural Modular system was 
developed [11]. In the new production 
environment, education and training are the 
major parts of any business. Following this 
approach, a system named VR CNC was 
developed by Kao et all [12]. This system 
includes virtual machine, the virtual 
controller, the virtual operation panel, and 
so on as in the real CNC machine.  

In this study, a virtual CNC milling 
simulation System was constructed and 
applied in education and training. By this 
method, an education and training center 
can reduce the cost, time, and energy. 
Moreover, this is also a way to protect the 
environment through the reduction of 
electrical energy, noise and waste of 
materials. This is one of the most useful 
approaches for sustainable development. 

2. LITERATURE REVIEW  
The investigations and applications of 
virtual CNC milling simulation system 
were mentioned in many researches. K. 
Erkorkmaz et all [13] modeled the virtual 
CNC to predict the contouring accuracy. 
This Virtual CNC accepts reference tool 
path commands generated a CAD/CAM 
system in the form of industry standard 
Cutter Location (CL) format. The CL file 
was interpreted to realize the desired tool 
motion comprising of linear, circular, and 
spline segments. In study [12], Y.C Kao et 
all developed a virtual controller integrating 
virtual and physical CNC. This virtual 
system consists of two modules: virtual 
CNC structure and virtual controller. A 
virtual reality (VR) software and Visual 
Basic 6.0 were used in developing the 
virtual CNC structure and virtual CNC 

control system, respectively. This research 
emulated in a Mitsubishi V30 PC-based 
three-axis vertical machining center. R. 
Neugebauera et all [14] modeled a Virtual 
Reality Machine Model. Firstly, the CAD 
data of the machine tool were generated 
with the format type depending on the type 
of VR software. Virtual Reality Modeling 
Language (VRML) was developed as a 
neutral exchange format for 3D data. 
Secondly, the CAD data were assembled in 
groups following the rotary and linear axes. 
And thirdly, the Material Removal was 
simulated by using a VRML elevation grid. 
This study was applied in the Deckel-Maho 
DMP 45 V linear 3-axes milling machine.  

Although the virtual CNC milling has been 
investigated and applied widely. These 
researches were often performed for different 
machines. A virtual CNC simulation system 
should include many virtual machines and 
many virtual control systems. 

3. METHODOLOGY 
3.1 The research procedure  
The research procedure was performed by a 
scheme as shown in Fig. 1.  

 
Figure 1. Approach to construct the Virtual 

CNC Milling System 

Firstly, from the research goals, several real 
CNC machining centers were investigated. 
Secondly, the virtual machines, virtual 
control systems, the tool, and workpiece 
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model were constructed. Next, the 
movement simulation and the solid cutting 
simulation were verified by experimental 
results. Then, The VCNCMSS was 
constructed by integration of the above 
components. Finally, The VCNCMSS was 
applied in education and training. 

3.2 The assistant tools, devices, and 
software  

In order to construct the VCNCMSS, a 
series of assistant tools and devices were 
used. The real sizes of machine components 
were measured by the rulers, tape measure, 
the clamp rulers, and the micrometers.  

A series of software were used to design the 
solid model of the virtual machine system 
such as Pro/ENGINEER, SolidWorks, 
CATIA, and so all. The Photoshop software 
was used to design the components of the 
virtual control system. Microsoft Visual C# 
2010 was used to program the VCNCMSS 
through the integration of OpenGL based 
library or the EON Virtual Reality 
technology. The obtained results are 
presented in the following Sections. 

4. RESULT AND DISCUSION 
4.1 Virtual Machine System 
Using programming, several virtual 
machines were built with properties as in 
the real machines. Firstly, using CAD 
software (Pro/ENGINEER, SolidWorks, 
CATIA, and so on), the solid components 
and solid parts of virtual machines were 
designed depending on the sizes of real 
components. Secondly, from the 
relationship between the various parts and 
components, all parts and components were 
assembled to construct the virtual machines. 
Next, Microsoft Visual C# 2010 was used 
to programming with the integration of 
OpenGL based library and Virtual Reality 
software. By programming, the properties 
of each virtual machine component were 
built such as movement, material removal, 
collision, and so on. These properties were 
displayed as in the real CNC machine. The 
virtual machines were constructed and 
shown as in Fig. 2 to Fig. 5. 

 
Figure 2. T-T 5-Axis Milling 

 
Figure 3. H-T 5-Axis Milling 

 
Figure 4. Victor Tai Chung Vcenter-4 

 
Figure 5. TMV-760 Milling Center 
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4.2 The Virtual Control Systems 
The virtual control system was constructed 
from the features of the many real CNC 
control systems. In this paper, the 
LNC-M6800 (Taiwan), SYNTEC, FANUC 
31i, and MITSHBISHI control systems were 
investigated and built. Photoshop software was 
used to handle the virtual panel and each 
button on the desired picture images. The 
images were designed by using different tools 
such as line tool, filling color, light, and other 
functions draw. Photoshop designers were 
performed through the properties of each 
button such as the overhang, angled, light, and 
other design. By using Microsoft Visual C# 
2010, the virtual control systems were 
programmed and constructed with bottom 
panel button configuration allowing the user to 
feel like the real control systems. There virtual 
control systems were built and described as in 
Fig. 6. Besides, the virtual CNC Hand Wheels 
also were constructed as shown in Fig. 7. 

 
a. LNC-M6800 Controller 

 
b. SYNTEC Controller 

 
c. FANUC 31i Controller 

 
d. MITSHBISHI 

Controller 

Figure 6. Virtual Control System 

  

Figure 7. CNC Hand Wheel 

4.3 Tool and workpiece models 
The tool model was designed in a separate 
window. It consists of many tool parameters 
such as the tool types, tool diameter, tool 
length, tool’s helix angle, number of flutes, 
the material, tool color, and so on as shown in 
Fig. 8. All tool parameters were used to 
simulate the solid cutting. 

 
Figure 8. The tool model 

The workpiece model also was designed 
with other separate window that includes 
the geometry, coordinates, color, and 
material of workpiece. These parameters 
were used to calculate the cutting 
conditions and simulate the solid cutting 
when machining in VCNCMSS. The 
workpiece model can be selected with block 
type, cone type, and cylinder type. The 
workpiece model was described in Fig. 9. 

 
Figure 9. The workpiece model 
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4.4 Verification of the cutting simulation 
Before completing the VCNCMSS, by 
programming, a system was constructed 
with integration of virtual machines and 
virtual control system. The properties of 
this system such as movement, material 
removal, etc. were simulated and verified 
by experimental results as shown in Fig. 10. 
The comparison results showed that the 
simulation results and experimental result 
were close to each other. This virtual CNC 
milling simulation has been successfully 
verified with very promising results. So, 
this virtual system can be applied in 
education and training. 

 
(a) Virtual milling simulation result 

(b) Workpiece 

(c) Real machining process 

(d) Real machining result 

Figure 10. Verification of the cutting 
simulation 

4.5 Virtual CNC Milling Simulation 
System 

After all the virtual machines and virtual 
controllers were verified successfully, 
a VCNCMSS was constructed by 
integration of all above components. From 
the main window of VCNCMSS, the virtual 
machine, the virtual control system, and 
virtual CNC Hand Wheel can be chosen for 
each milling process as shown in Fig. 11.  

 
(a) Select the Virtual Machine  

(b) Select the Virtual Controller 

(c) Select the Virtual CNC Hand Wheel 

Figure 11. The main window of the 
VCNCMSS 

The demo process of VCNCMSS was 
performed and displayed in Fig 12. In this 
window, almost components of VCNCMSS 
were displayed. The three main parts of this 
virtual system that are virtual machine with 
virtual tool and workpiece, virtual operation 
panel, and virtual control panel. 

 
(a) Virtual milling machine 

(b) Operation panel 

(c) Control panel 

(d) Tool model 

(e) Workpiece model  

Figure 12. The machining simulation window 

4.6 Application of this system in 
education and training 

This system was structured, developed, and 
applied in education and training. Using this 
system, a virtual CNC machine learning 
room was organized. At least 20 computers 
were installed this system, and each student 
or learner can learn operating many CNC 
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machines from only one computer. Besides, 
with 3D technology, this virtual system was 
applied effectively in teaching and learning 
as shown in Fig. 13.  

 
Figure 13. The VCNCSS in 3D environment 

Moreover, the 3D projector systems with 
the touch screen were used in this Lab. By 
this way, the VCNCSS was applied in 
training as in a 3D environment where the 
users can operate the CNC machine hand 
by hand as in the real CNC machine as 
shown in Fig 14.  

 
Figure 14. Operating the 3D-VCNCSS by hand  

5. CONCLUSION  
In this study, a virtual CNC milling 
simulation system was successfully 

constructed through the integration of many 
software about the graphic designing 
(SolidWorks, CATIA, PhotoShop, etc.), 3D 
simulation software, and programming 
(Microsoft Visual studio C#). This virtual 
system was built from many virtual CNC 
machines and many virtual control systems. 
These virtual machines and control systems 
have the features as the features in the real 
CNC machines and real control systems, 
respectively. Besides, with the cutting 
simulation part, the machining processes 
were displayed vividly and clearly as the 
real machining processes. By these 
outstanding features, this system has been 
adopted into education and training in 
several vocational high schools and 
universities in Taiwan. These beginning 
applications show that this system is very 
convenient for education and training. 
These applications were performed to 
demonstrate potential advantages of this 
study. When this system is applied, the time 
and cost in training will be reduced, and the 
environment will also be protected through 
the reduction of electrical energy, noise and 
waste of materials. On the other hand, this 
system can be developed to extend for other 
machining processes such as Turning, 
Grinding, Wire EDM, Water jet cutting, 
3D-Printing, and so on. These will be the 
future works. 
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ABSTRACT 
In Vietnam, environmental education has been implemented regularly from primary schools to high schools but 
rarely in undergraduate. Environmental education has been organized by integrating into subjects or 
extracurricular activities. This paper refers to the ways of integrating environmental environment into System 
thinking subject at University of Technical Education Ho Chi Minh City. The results of implementing the 
learning project showed that students not only improve the awareness of the role of recycling waste in 
sustainable development but also create useful products for daily use and learning activities. 

Keywords: environmental education, sustainable development, integrate subject, learning based project... 

 

1. INTRODUCTION  
In Viet Nam, environmental education has 
been implemented in national education 
system towards building a green society 
and sustainable development. 
Environmental education has been 
implemented in formal education system 
through extra - activities or integrating into 
subjects to change students’ awareness, 
attitude and behavior about protecting the 
environment. However, compared to the 
general education levels, environmental 
education is less likely to be interested in 
undergraduate level. 

Since the academic year of 2012 - 2013, Ho 
Chi Minh City University of Technology 
and Education (HCMUTE) has begun 
implementing the training program 150 
credits which has been built according to 
the CDIO (Conceive; Design; Implement; 
Operate) approach. In this new training 
program, beside fundamental subjects and 
professional subjects, students can choose 
10 elective subjects such as Presentation 
skill, Plan skill, System Thinking   ... 

Since the academic year of 2013 - 2014, in 
order to improve awareness of the role and 
signification of recycling waste materials to 
create useful products for life and learning 

activities, the integration environmental 
education into System Thinking was 
conducted. The changes in students’ 
awareness of recycling   waste not only help 
them save and use national resources 
reasonably, but also minimize the rise of 
climate change in the world.  

2. SOLVING THE PROBLEM 
System thinking is the elective subject which 
belongs to the training program 150 credits 
built by CDIO approach. This subject helps 
students to have basic knowledge about 
system and system thinking methodology, 
thinking skills and creative solutions, and be 
able to solve problems systematically, 
logically and creatively.  
While teaching System Thinking, we have 
found that, we could integrate environmetal 
education into  study topics like System 
overview, the method thinking and seeking 
innovative solutions. We asked students to 
deal with learning tasks in which integrating 
evironmental education such as recycling 
waste, proposing innovative ideals to 
energy-saving devices or devices using solar 
energy ... These tasks  were carried out 
through project based learning with limited 
time. The project were done in the spirit of 
making lessons more vivid and reflecting the 
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practical need of society toward the green 
life and sustainable development. In this 
paper, we will focus on presenting the 
results of integrating educational education 
into the topic “system overview” for the 
sophomore at HCMUTE. 

There are contents in System overview such 
as defining system, system features, 
analyzing and designing system. Generally, 
these contents do not refer   directly to the 
environment and environmental education. 
However, if environment is considered a 
system and this system plays an important 
role in the sustainable development, so the 
system overview contents have relationship 
indirectly with the environment. So the  
environmental  education has been 
integrated into the content of analyzing and 
designing system. The integration was done 
through the project based learning about 
recycling waste materials to create useful 
products for students’ life and learning 
activities. 

We organized the project based learning in 
which integrating environmental education 
into the following steps: 

The step 1: Identifing the themes and the 
time of the project 

In the first step, lecturer asks students to 
implement the learning project: “Design 
and make a physical product (toys, 
souvenirs, decorations, objects used in 
learning and life ...) by waste  materials 
(ice cream sticks, carboard, straws, 
bamboo sticks, used paper ...)”. 
The limited time is 2 weeks. 

The step 2: Making plans for the learning 
project 

Students plans to implement the learning 
learning under the direction and 
organization of lecturer. In the plan, 
students have to identify the work to be 
done, the expected time, materials for 
project implementation, implementation 
methods, divided works to team members, 
expected results ... 

The step 3: Implementing the  learning 
project 

During two weeks, students have to follow 
the plan. In this step, lecturer is willing to 
answer students questions or helps them 
gradually overcome the difficulties.  

The step 4: Presenting and evaluating the 
project results 

After 2 weeks, the project results were  
physical products which have been created 
by combining theory and practical 
activities.  

With 4 steps to implement the project, 
students made products such as a green 
house, a lights pull troop, a water rocket, a 
generator, a cooler laptop, laptop table, a 
lamp, weather forcast vase...   

These recycled products will be analyzed 
more fully in the section below. 

 
Figure 1. The model of a green house 

The model of a green house made from 
used ice cream sticks and bamboo sticks. 
This is product of a student group in the 
class SYTH 220505 - 03.  

Ho Chi Minh City is located in the tropical 
equatorial monsoon. The general 
characteristics of the climate in HCM city is 
high temperatures, so ice cream is one of 
the most popular dessert. After eating ice 
cream, people often throw away ice cream 
sticks. Similar to the ice cream sticks, 
bamboo sticks which use for grilling  meat, 
fish ball, sausage ... are thrown away. This  
not only increases waste, but also  affect the 
health when people  step on.  

After collecting these wastes and making 
them clean, students designed the model of 
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the green house. This model will be used as 
a decoration in house. Miss My Phuong 
(the member of the team) said: “With the 
model of the green house, we want to send 
a message to young people - Let us 
preserve and protect our green earth. Do 
not throw waste away. Use waste to make 
useful products for life ”.  

 
Figure 2. The lights pull troop  

The lights pull troop is a traditional toy 
which is made from bamboo and colourful 
paper. Since ancient times, the lights pull 
troop has been attractive all ages, especially 
children. Nowadays, the way of playing of 
children has changed rapidly due to the 
present of various types of online games or 
offline games.  Many traditional games, 
including the lights pull troop have  
attracted to   children any longer. So the 
lights pull troop seems to be absent 
gradually in the lives of children.  

In order to implement the learning project, 
other student group in the class SYTH 
220505 - 03 made the lights pull troop from 
used materials like colored lights, bamboo 
sticks, can of soft drinks ... This handmade 
product not only recycles waste materials to 
save the natural resources, but also revive a 
folk game in the context of fewer such 
games in the life’s of young people. .  

The lights pull troop operates under the 
principle: using the convection currents was 

created by the heat of the light. The heat 
from the light will spin the holed soft drink 
can. The colored light shines through the 
holes with the attached smooth sound. In 
the evening, the lights pull troop will make 
the living room in your house or the outside 
space more colorful, shimmering and 
magical.   

. About this products, Nguyen Tung Lam 
(the leader of the team) said: “Through the 
implementation of the project, we found 
that, recycling waste materials to create 
useful products for our life  not  only saves 
and uses more reasonaly  the natural 
resources, but also to reduce waste into the 
environment. Members of the team were 
very ingenious and creative to combine the 
traditional way with modern elements to 
create the lights pull troop more suitably 
with the current context. This product has 
proved that the combination creatively and 
suitably between tradition and modern will 
make folk games become more attractive 
before the rapid development  of virtual 
games. On the other hand, creating 
products like the lights pull troop by 
recyling waste materials will help young 
people to live in a pratical world instead of 
immersing in the virtual world”. 

 
Figure 3. The lamp  

This product comes from the group of 
students in the class 220505 -. 04. The 
group made this lamp from waste materials 
such as colored lights, colored paper, wire, 
plastic drinking cups .... With the lamp, 
students not only save money, but also to 
help students to improve the awareness 
about the use natural resources reasonably. 

513 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

 
Figure 4. The vase 

The product belongs to a student group of 
the class SYTH 220505. The vase was 
made from waste materials such as colored 
straws, ice cream sticks ... We can find it 
easily because they are thrown everywhere: 
on the streets, in front of school gates, on 
the campus universities ... in Vietnam. 
Throwing waste materials is significantly 
increasing the amount of waste in the 
environment. In order to carry out this 
learning project, students collected waste, 
cleaned up waste and made the decorative 
vase for life. We can put the vase in a living 
room, a bedroom, on a desk ... to make our 
room more beautiful.  

In summary, the sophomore at Ho Chi 
Minh City University of Technology and 

Education made usefull products from 
waste materials when they implemented the 
learning project related to the content 
“system overview ”.  The learning project 
not only helps students link theory and 
practice but also improve the awareness of 
students about the role of recycling waste to 
save and use natural resourses reasonaly. 

3. CONCLUSION  
In Vietnam, environmental education has 
been implemented regularly through 
integrating into subjects or extracurricular 
activities in the high school levels. 
However, environmental education seems 
less to be interested  in undergraduate level. 
So, the organisation for the second students 
at UTE to implement the learning project 
which integrating environmental education 
into System Thinking subject has 
contributed to improve the awareness of 
students about the role of recycling waste 
materials to create usefull products for life. 
In addition, the implementation of the 
project helps students form the awareness 
of saving and how to use natural resourses 
reasonably. The results of implementing the 
project have reduced significantly the 
amount of waste into the environment, 
thereby  minimizing climate change to 
build a green society and sustainable 
development. 
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ABSTRACT 
Applying technology in education for sustainable development is a prevalent tendency in Vietnam. Thanks to 
using e-learning tools rather than printing materials, a remarkable amount of paper has been saved, which results 
in reducing logging and preserving the environment. This study aims to design computer-based objective English 
tests for non-English majors at Ho Chi Minh City University of Technology and Education. This system is 
definitely an effective tool for learning English and saving paper. To conduct the study, software programs are 
used as supports for creating test system with 11 question models, explanations, and audio-visual illustrations. 
Conveniently, teachers and learners can use it online or off-line with a DVD containing randomly blended 
questions. Finally, this study was the basic step in the research of applying computer-based tests to improve 
students’ English level. 

Key words:  technology, education, development, objective test, learning, environment 

 

1. INTRODUCTION  
Applying modern educational approaches 
has been a more and more prevalent 
tendency in many universities on over the 
world and in Viet Nam. Among a vast 
majority of approaches, CDIO becomes the 
first choice of engineering and technology 
higher institutions. On one hand, teaching 
and learning can benefit from CDIO. On the 
other hand, with only 150 credits in 
curricula for numerous subjects, CDIO 
results in the cut of class time. This issue is 
absolutely a challenge with English 
subjects. In detail, students are required to 
self-study much more at home. In order to 
sort out this question, designing computer-
based objective English tests is carried out. 
Obviously, this test system is advantageous 
to not only students but also teachers. 
Students can get a reliable source for 
learning by themselves to be well prepared 
for final exams. Teachers can assess 
students’ learning by using formative and 
summative tests from this system. Besides, 
the third party – universities – can improve 
their students’ learning quality for 

sustainable development. Last but not least, 
when using computer-based tests, a 
dramatical amount of printed paper has 
been saved, which results in reducing 
logging and preserving the environment.  

2. LITERATURE REVIEW 
2.1 Applying objective test method as an 
assessment tool for education 
In higher education, assessment does not 
need to be used solely to make summative 
evaluations of student performance; thus, 
teachers should include episodes of 
formative assessment following phases of 
teaching (Bloom B.J. et al, 1971). During 
these episodes teachers should provide 
students with feedback and correction as a 
way to remediate student work. Most experts 
now consider formative assessment as an 
ongoing part of the teaching and learning 
process. Formative assessment thus becomes 
a central element in teaching and learning.   

Using objective test method for formative 
assessment increasingly attracts many 
teachers in schools. Recent studies have 
actually demonstrated that dozens of 
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standalone and web-based applications are 
currently made use of to administer tests and 
exams (Faizi, R., Chiheb R., 2009). Thanks 
to ready-made computer-based testing tools, 
numerous web sites offer software programs 
that allow teachers to generate their own 
interactive on-screen quizzes with no need to 
do any programming, scripting or coding.  
No longer do the teachers remain using the 
tests on paper that is merely used the 
“True/False”, “Fill in blank” and so on. By 
using manual or attending the training 
courses, in short time, teachers can exploit 
and apply a couple of professional software 
such as QuizMaker or QuizCreator with 
strongly supportive tools for creating the 
objective test system. It plays an essential 
role for revising the teaching technology in 
universities. 

It is obvious that testing is definitely a tool of 
measuring levels of students’ knowledge and 
skills (Narciss, S., 1999). From the result of 
the tests, students can recognize strengths 
and weaknesses to make progress in their 
learning. In addition, the feedback of 
students’ scores can facilitate teachers’ 
modification of teaching methods in order to 
suit best with their learners. Moreover, the 
result of assessment can help teachers predict 
their students’ result in the near future. One 
more advantageous feature of objective test 
system is when combining with Learning 
Management Systems (LMS), the teacher 
can provide the feedback as to why each 
question option is correct or incorrect.  This 
will be really useful for students to get 
experiences for their future learning. 

In order to design the objective English test 
system, there are various software programs 
which can support teachers in the field, such 
as Articulate QuizMaker, Wondershare 
QuizCreator, Tanida Quizbuilder, ToolBook, 
Adobe Flash, Captivate, Teaching Templates 
Global, Quiz Extreme, Tac-Multichoice, 
Survey, AceBIT WinSurvey, AirMagnet 
Survey Professional, and Survey Solution. 
Each program has both benefits and 
drawbacks, so teachers need to select the 
most suitable one for their own purposes.  

2.2 Criteria to select the best program for 
the test system 
According to Duong Thieu Tong (2005) 
and Lam Quang Thiep (2008), the selection 
for best program can be based on the 
following criteria: 

1. Is the program easy to be installed and 
used on computer? 

2. Is it supportive for many forms of 
questions (e.g., True-False, Filling in 
the Blank, Multiple Choice, Matching, 
and so on)? Is it combined with non-
testing surveys?  

3. Is it compatible with different fonts of 
words as well as different languages?  

4. How to import the questions? Should 
questions be imported directly to the 
system, or indirectly through Word 
program? Is it possible to combine two 
methods?  

5. Does it allow to insert images, videos, 
audios as well as other media forms 
into the test systems? 

6. Which websites can be used for 
system’s operation? Is it possible to run 
the program on different websites? 

7. Is it feasible to run the program on off-
line computers or online? 

8. Which format can the objective test 
system be dumped? (Word, Flash, 
Html, PowerPoint, LMS). Are these 
formats compatible with e-learning? 

9. Can results of tests be saved into 
system database or e-mailed to the 
administrator? Is it allowed to print the 
test papers along with answers for test-
takers’ references? 

10. Can teachers distribute marking 
scheme for each answer or the system 
will do marking automatically? 

11. Can the program statistic the results of 
many test-takers in order to introduce 
suggestions and modifications for a 
better test system? 
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12. Is it practical to give feedback for each 
test-taker or each test? 

13. Is it possible to exchange answers of 
each question as well as to mix or 
transfer the order of questions each test? 

14. Does it allow the test-takers to choose 
questions in their favor randomly or it 
is required to do the test regarding the 
order of questions? 

15. Does it limit the number of random 
questions in the test system? 

16. Does it allow teachers to set timing for 
examinees? Can the program lock 
automatically after the time is up? 

17. Is the cost of the program suitable with 
financial ability of teachers? 

These 17 criteria all contribute to find out 
the best program which can maximize the 
efficiency and effectiveness in examining 
students and enhacing learning.  

2.3 QuizMaker – an effective tool 
Regarding the above-mentioned criteria, 
QuizMaker – a free software program of 
Articulate Corporation- is selected to be an 
effective tool in designing objective English 
tests. Teachers find QuizMaker a useful 
facilitator to assess students and expand the 
benefits of e-learning, without complex 
knowledge of computer programming. In 
detail, QuizMaker is definitely easy to carry 
out with a transparent interface and a 
flexible organization in varied question 
styles, together with illustrations for the 
answers. Moreover, the compatibility of 
word font with Unicode can create flash 
interface which is also an advantage for 
dissemination on the Internet. In addition, 
teachers can insert images, audios, videos 
into the questions for illustrating purposes 
and making the system livelier. In 
QuizMaker, the styles of question and 
survey are diversified with 11 graded quiz 
forms including True/False, Multiple 
Choice, Multiple Response, Fill in the 
Blank, Work Bank, Matching Drag and 
Drop,  Matching Drop-down, Sequence 

Drag and Drop, Sequence Drop-down, 
Numeric, and Hotspot. 

Furthermore, QuizMaker has many 
distinctive effects on designing the 
objective tests. Firstly, it is possible to 
collect the results of test-takers and send 
them to the administrator through a system 
of electronic mails or post the results on the 
host website. Thus, there is no need to 
check the results by Microsoft Outlook or 
other mailing software. Secondly, 
QuizMaker does not only create a chance 
to make 11 question styles but also allow 
teachers to insert media into the questions, 
such as images, animated pictures, flash 
videos, and audios. Thirdly, the designers 
can change the templates of color scheme 
in different styles of quiz. It is allowed to 
change colors of background and 
information bar, as well as colors for 
correct and incorrect answers. Next, this 
program can help teachers access the test 
system with different methods. One more 
advantage of QuizMaker is that when the 
user answers questions and submits them, 
these questions will be marked in the list of 
questions in administrator’s management 
interface. Hence, teachers can observe the 
procedure of doing test of all examinees. 
At the end of the test, the users can have 
access into a URL address to get feedback 
for the answers, along with the 
explanations for them. This is really 
strength of the system because the learners 
can have opportunities to understand why 
the answer is right or wrong and get 
experiences for the next test with flying 
colors. In terms of reliability of the test, 
teachers can export the test system into 
Microsoft Word and resit for a checkup. 

3. DESIGNING THE OBJECTIVE 
ENGLISH TEST SYSTEM 
3.1 The design of 11 graded question 
forms 
In terms of content, the questions are 
designed from the outcomes in the 
curriculum of the General English course. 
In detail, these tests cover English 
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grammar, vocabulary, reading 
comprehension and communicative 
functions. In addition, some simulated 
achievement tests are introduced in order to 
help students get familiar with not only the 
final tests but also the TOEIC tests which 
are absolutely useful for their future career. 
The content of these tests are mostly based 
on the coursebook “International Express – 
Pre-Intermediate” and other reference 
books which are in pre-intermediate level. 
In details, there would be 500 questions 
from which many different randomly 
blended tests are presented. 

In terms of question format, there are 11 
question forms in the objective English tests 
for non-English majors. The first question 
form is “True/False”, which has only two 
answers of “True” or “False”. There are few 
“True/False” questions due to the fact that 
students can guess out the correct answer 
with 50 per cent of good luck. However, 
this form of question is reliable when the 
teacher creates it carefully and cleverly. 
Thus, “True/False” questions are designed 
in the system but the amount is limited. 
Secondly, Multiple Choice is the most 
popular kind of questions in the tests. The 
users will see a list of four answers which 
are almost wrong except for the only one. 
Once defining the final choice, the user will 
confirm it by clicking the circle in front of 
that answer. The challenge of this question 
form is that there are many tricks and traps 
in four options, thus the test-takers need to 
think critically and make intelligent 
decision. The next form is Multiple 
Respond which is almost similar to 
Multiple Choice except for the fact that this 
question style has many correct answers. 
Besides, students can get Fill-In-The-
Blank question. For this question form, 
there are various correct options to be filled 
in a gap. Thus, it is difficult and challenging 
for teachers to predict all possible answers 
for each question. In addition, Word blank 
is another kind of question which asks test-
takers to drag their choices to the blank; and 
if they are incorrect, there will be a request 
to redo.  

Furthermore, we can find other question 
styles in the test, such as Matching Drag 
and Drop, Matching Drop-down, 
Sequence Drag and Drop, Sequence 
Drop-down, Numeric, and Hotpost. 
However, the amount of such questions is 
not big due to the fact that there are very 
few questions like them available in the 
international English. The aim of these 
question forms is to help students 
consolidate their knowledge and have a 
lively approach to the test system. With 
these 11 question styles, the teachers can 
get easy to design the system with 500 
questions originated from 10 paper tests. 
Once teachers blend the questions, there 
will be many different computer-based tests 
to assess students’ learning and contribute 
to enhance teaching quality. Conveniently, 
teachers – for testing purposes- and students 
– for independent learning purposes- can 
use the system online or off-line with a 
DVD containing blended questions. 

The illustration for the objective English 
test with 11 question forms  is demonstrated 
as in Table 1 and the illustration for 
answers as well as explanations and visual 
aids is presented in Table 2. 

4. EFFECTS OF THE OBJECTIVE 
ENGLISH TEST SYSTEM 

4.1 On non-English majored students: 
This computer-based objective English test 
system is able to help students improve 
their knowledge, systemize and consolidate 
old lessons. Moreover, students can 
generalize what they have learnt and 
develop their creative thinking. Once 
finishing the tests, students can recognize 
their weaknesses and ask teachers for 
strategies to supplement their knowledge. In 
addition, the test system can also enhance 
students’ independence in learning as well 
as their autonomy, the ability of searching 
for learning resources, discussing in groups 
and solving problems in study. 

4.2 On teachers: 
From the results of students after doing the 
tests , teachers can have one more channel 
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to  assess and modify their teaching in order 
to improve students’ learning quality. 
Therefore, teachers can revise teaching 
methods and class managements to make 
teaching-learning procedure more effective. 
One more benefit form the system is that 
teachers can classify the English level of 
each student to have a detailed plan for 
extending high-level students’ knowledge 
and consolidating lessons for low-level 
students. As a result, the students’ English 
level is guaranteed enough to meet the 
learning outcomes in the curriculum of the 
subject. 

4.3 On universities and students’ parents  
Regarding universities, the objective 
English test system can support them in 
mastering students’ learning progress in 
order to have one more channel in assessing 
teachers’ performance. Regarding students’ 
parents, the system can also allow them to 
observe their children’s learning in order to 
give help when necessary. In addition, it 
can create a closer relationship between 
schools and students’ families. The system 
can make it possible for education 
authorities to know students’ levels exactly 
in order that they can revise the curricula 
and make suitable supplementations. 

4.4 On saving paper to preserve the 
environment 
According to Conservatree Organization in 
The United States of America 
(http://conservatree.org/learn/EnviroIssues/
TreeStats.shtml), 1 ton of uncoated virgin 
(non-recycled) printing and office paper 
uses 24 trees, and 1 ream (500 sheets) uses 
6 per cent of a tree. According to Office of 

Academic Affair in Ho Chi Minh City 
University of Technology and Education 
(http://www.tuyensinh.hcmute.edu.vn), 
there are about 3250 students taking 
General English test each semester, which 
means approximately 3250 paper tests are 
required. Generally, with a test of 80 
questions as in curriculum, we need 5 
sheets of paper; thus, the number of paper 
sheet can add up to 16,250. This amount of 
paper accounts for cutting 19,5 green trees. 
In case of preparing paper tests for an 
academic years (2 semesters), 39 green 
trees will be cut to serve the need. 
Therefore, it is obvious that if all of these 
paper tests are carried out online, we can 
save 39 green trees each year. This is 
absolutely a dramatic amount of tree in 
terms of preserving our environment, 
reducing global warming, and building a 
sustainable life. 

5. CONCLUSION 
The objective English test system with 500 
questions based on QuizMaker software 
program is definitely a useful resource for 
teachers in testing and students in learning 
autonomy. Moreover, universities and 
students’ parents can have a reliable 
channel to observe and assess the learning 
progress of the learners. In addition, this 
system is really beneficial to reducing 
logging trees and saving our environment. 
To sum up, this test system can cover the 
effectiveness, objectiveness, reliability, and 
feasibility in order to improve teaching and 
learning quality. 
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APPENDIX: Illustrations for The objective English test system 
 

Table 1. The objective English test System with 11 question forms 
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Table 2. The objective English test System with answers, explanations, and illustrations 

QUESTION 1:  

Answer : False 
Explain: The right sentence 
is: “In the hotel, a twin room is 
a single room with two single 
beds; whereas, a double room 
has a double bed”. 

                        
a double room      a twin room 

QUESTION 2: ( Multiple Choice) 

Answer : D. check-in desk  
Explain: This is because the 
activities such as “handing 
suitcases; showing ticket and 
passport” all happen at the check in 
desk of the airport, NOT security 
check, baggage claim, or 
information desk. 

QUESTION 3: (Multiple Respond) 

Answer: A, C, E  
Explain: Lawnmower, freezer, and 
vacuum cleaner are electronic devices, 
so they can be the products of an 
electronic company. Hamburger is the 
product of a food company, and 
furniture belongs to wood-working.  

QUESTION  4: (Fill-In-The-
Blank) 
Answer: The investigating 
committee announced that it 
would put  off  its findings for at 
least another week. 

Explain: From the phrase “for 
another week”, it can be inferred 
that the investigating committee 
would delay its findings. “ Off” is 
suitable for the blank because “put 
off” means “delay”. 

QUESTION 5: (Word bank) 
Answer: D 
Explain: In the first sentence, we 
can see the phrase “are going to” 
which signals the near future time. 
Thus, the second sentence needs to 
be in the future, and “will be” is the 
best choice. Is = simple present, had 
been = past perfect, was = simple 
past. 

 

QUESTION 6: (Matching Drag and 
Drop) 
Answer: play squash, do weight training, 
go sailing, have a meeting 

Explain: “Play” is used for a competitive 
sport, in team, and usually with a ball, 
e.g., play football, and play golf .Do” is 
used for an individual sport and without a 
ball, e.g., do yoga, do aerobics. “Go” is 
used with gerund (Vying) to indicate an 
activity or entertainment, e.g., go 
camping, go fishing 

QUESTION 7: (Matching 
Drop-down) 

Answer:  
Electrolux - Washing machine 

Unilever - Washing powder 
Renault - Automobile 

Global Training -Cross-
culture Journal 

QUESTION 8: (Sequence Drag 
and Drop) 

Answer: 
Communication skills are very 
important for shop supervisors to 
interact with customers. 

Listening:  

QUESTION 9: (Sequence Drop-down) 
Answer: 
I’m going to carry on without you. 

  

Listening:  

QUESTION 10: (Numeric) 
Answer: US$ 500 
Explain: One TV costs US$ 
250; so two will cost US$ 500, 
plus 1 free TV. Therefore, three 
TVs just cost US$ 500. 

 
 

 

QUESTION 11: (Hotpost) 
Answer: Washington DC 
Explain: According to American 
geography, Washington DC is the 
capital of that country. 
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LIVING VALUES FOR A SUSTAINABLE VOCATIONAL ORIENTATION 
 OF UNIVERSITY STUDENT 

 
Do Manh Cuong ,  Do Thi My Trang 

Ho Chi Minh City University of Technology and Education 
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ABSTRACT 
Vocational education for Vietnamese high school students focuses on vocational orientation, for which the main 
activities include communication, recommendation, and advice for the student to choose an appropriate 
university and take a national entrance examination for it. Many parents believe that a university diploma is a 
guarantee for a bright future for their children. However, occupational activity takes most of the time of one’s 
life, in the sense that it is not only a physical need but also a means to fulfill their living values. This article aims 
to find a relation between the student’s living values and a sustainable vocational orientation. The results have 
shown that the higher the awareness of living values is, the clearer and more sustainable the vocational 
orientation should be. Moreover, it is necessary to change the vocational education thinking in Vietnam so that it 
should be begun earlier in terms of a strong collaboration of the family, the school and the society.      

Key words: Vocational education, vocational orientation, living values 

 
1. INTRODUCTION 
Education for sustainable development is a 
concept that was carefully explored by the 
United Nations in 1987. The concept gives 
a new vision of an education that is able to 
help people of all ages to assume their 
responsibility to create and enjoy a 
sustainable future. Sustainable development 
has to assure an effective economic 
development, a fair society, and a safe 
natural environment. It balances human and 
economic well-being, and natural resources. 
Human being is a decisive factor to make a 
sustainable world. The people’s activities 
come from their demands and motivation. 
They are also controlled by their awareness. 
Achieving sustainable development 
therefore requires teachers and learners to 
understand the world in which they live, 
identify the non-viable elements in their 
lives, and find out the possible conflicts 
between the living values and goals. 

Education helps people to solve relevant 
problems in life, by equipping individuals 
and societies with knowledge, skills, and 
values to live and work and satisfy their 
needs. One’s living values and goals are 

always linked to his/her life, and depend on 
their choices to make them sustainable. 
According to UNESCO, there are twelve 
common living values that everyone needs 
to be taught, namely: Peace, Respect, Love, 
Cooperation, Honesty, Happiness, 
Humility, Responsibility, Simplicity, 
Tolerance, Freedom, and Unity. The value 
has positive meaning, the values are always 
inside the subject because it is a thinking 
state, so if there is no subject, no values 
exist. And every activity is considered by 
its values. If people are aware that the value 
is true, they will get a need, then a 
motivation appears clearly, and work 
becomes more sustainable. Education of life 
values helps people develop their 
personality completely. They have 
knowledge, skills, and desire to live and 
work for their happiness.  

Mr. Abraham Harold Maslow, an American 
psychologist, suggested his Theory of 
Human Motivation in 1943. Maslow's 
theory is based on the Pyramid of Human 
Needs. According to Maslow, human 
behavior is related to an individual’s needs. 
In his theory, Maslow identifies five types: 
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1) Physiological (or Biological) Needs: 
These are the basic needs for a 
sustainable human life. These include: 
food, water, clothing, air, rest, sleep, 
sex,… The physiological needs are at 
the lowest in the pyramid of needs but 
they have priority over all other needs. 
Unless they are satisfied, other needs 
will not motivate. 

2) Security/safety Needs: These needs 
come after meeting the physiological 
ones. They include the safety for the 
body, employment, family, health, 
property, morality, and environment.  

3) Belonging (or Social) Needs: everyone 
is a human. They always desire to stay 
in a group, to belong to one or other 
group. They feel that they should be 
loved by and shared with their friends 
and society. This is considered as a 
basic social need of an individual.  

4) Esteem Needs: an employee needs to be 
respected by others, to be appreciated 
by others, to have power, and 
prestigious position in society. 
Moreover, he/she also needs to be 
respected by himself/herself, such as: 
self–confidence, self–respect, 
competence,…He/she just meets these 
needs when the previous  ones are 
satisfied.  

5) Self-actualization Needs: This is the 
highest among the needs in the pyramid 
of needs. It is the desire to become what 
one wants to be. People work efficiently 
if they feel happy. They strive for the 
true, the good, and the beauty. 

Maslow divides needs into two levels: low 
needs, such as: physiological needs and 
safety needs; and high needs, such as: 
belonging needs, esteem needs, self–
actualization needs. Low needs are satisfied 
from the outside, but high needs are satisfied 
inside. It is characteristically human that 
people have increasingly higher needs... 
Everyone works for various reasons. In this, 
money is one among the most important 
reasons: everything needs money, it helps 

people assure their lives, satisfying their 
lower needs. When these are satisfied, 
higher needs become a motivation. People’s 
performance goes through competency, 
power, and fame in family and society. 
Therefore, money, power, and fame are the 
things in which people are most frequently 
interested in their life. They become core 
values in their lives. A person’s opinion of 
money, power, and fame vary greatly. If 
people truly understand the value of money, 
power, and fame, they will act wiser and 
become happier. There are two common 
attitudes toward the values: either positive or 
negative. 

- Money: if people consider money as a 
means, they will strive for more 
valuable things than just money in their 
work. Otherwise, money will become 
their boss taking control of them. In this 
case they can do anything to get as 
much money as possible. Money will be 
their criterion to evaluate people, 
making them change their jobs, friends, 
and life. 

- Power: there is a soft power and a hard 
power. Soft power is a capacity to exert 
influence by attraction, persuasion, 
aiming at a common good. On the other 
hand, hard power is orders, imposing 
things on people. In the long run, it is 
difficult to succeed with hard power.  

- Fame: It’s often true that everyone 
wants to become famous. But, fame 
obtained from competency, experience, 
or intelligence is more sustaining. On 
the other hand, a fame got from wealth, 
position, or the like, is unsustainable.  

In sum, Vietnamese high school 
students mostly enter a university where 
they can be trained in their choice major. 
Because occupational activity takes most of 
the time of one’s life, a stable occupation is 
very important. However, Vietnam’s 
vocational orientation in these recent years 
has not been interested in this problem yet, 
but just sits advertising goal. This research 
is the first one in the problem. Starting from 
the above analysis, this study is going to 
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consider which values (money, power, or 
fame) most influence the students in their 
choice of a job, and how their attitudes to 

these values are. If their attitudes are 
positive, we can then conclude that their 
occupation is sustaining. 

 
2. SIMULATION MODEL 
Model of this research is: 

 
Figure 1. Process of the research 

(1): The research finds out the influence on 
the choice of a career and evaluates what 
attitude the student has to the values of 
money, power, and fame. This is based on 
the living values and on the pyramid of 
human needs. 

(2): The research objectively designs a 
questionnaire with 36 questions: 

 6 questions on a five-level influence 
of money, power, and fame on 
choosing career. 

 10 questions on the value of money 
with two choices: A (negative 
tendency) and B (positive tendency). 

 10 questions on the value of power 
with two choices: A (negative 
tendency) and B (positive tendency). 

 10 questions on the value of fame 
with two choices: A (negative 
tendency) and B (positive tendency). 

(3): A survey has been made of 169 
students at the Ho Chi Minh City 
University of Technology and Education 
(HCMUTE). These students are chosen by 
accident. 

(4): Process: input data was processed by: 
frequency, percentage, Chi square, φ’ 
correlation. 

• Chi square (λ²) = ∑(O – E)²/E     [1] 
O: observed frequency 
E: expected frequency 

• φ’= √𝜆𝜆²/ 𝜆𝜆²𝑚𝑚𝑚𝑚𝑚𝑚         [2] 

λ²max = N(A-1)           
N: sum of observed 
A: sum of rows or columns  

Output data: frequency choice of A and B; 
difference between student’s attitude to 
money, power, and fame; difference 
between male and female students. 
3. SIMULATION RESULT  
3.1 The influence of the values on 

choosing career 
Result is shown in the following table: 

Table 1. Counting levels of the values 
influence on choosing career 

Level Money Power Fame 

L5 10% 15% 17% 

L4 17% 29% 48% 

L3 45% 32% 26% 

L2 22% 12% 4% 

L1 6% 12% 5% 

L1: lowest; L2: low; L3: average; 
L4: high; L5: highest 

Table 1 shows that: 
At L5, L4, percentage of fame is the 
highest, 17% and 48%.  Fame is the first 
priority that most students consider to study 
at Ho Chi Minh City University of 
Technology and Education. This is 
understandable because students are often 
biased by their families in choosing a 
career. However, when fame is merely an 

Objective research 
Design 

questionnaire Survey Process 

(1) 
(2) 

(3) (4) 
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external and unnecessary need, it is difficult 
for them to achieve a sustaining career. 

3.1.1 Student’s attitude to the values  
Result is shown in the following table: 
Table 2. Describing student’s attitude to the values 

Tendency 
A 

(Negative) 
B 

(Positive) 
SUM 

Money 
320 

(19%) 
1370 

(81%) 
1690 

Power 
609 

(36%) 
1081 

(64%) 
1690 

Fame 
587 

(35%) 
1103 

(65%) 
1690 

SUM 1516 3554 5070 

Chi square 
test 

λ²= 146.1;  df=2, 
choose α=0.001, λ .001 = 13.82 

From this result, the research finds that: 

With α=0.001, there is a clear difference 
between attitudes towards money, power, 
and fame. Such as:  

- Most students have a positive attitude to 
money, power, and fame. They do not 
consider money as an important meaning 
of life. And, they tend to show their 
competence, hence soft power.  

- Attitude to money clearly differs from 
attitude to power and fame. The students 
are more interested in money than in 
other things. 

3.2 Finding difference between male 
students and female students 

Ninety-seven male and seventy-two female 
students were surveyed regarding the values 
of money, power and fame. It is shown in 
the table 3. 

From this result, the research finds that: 

φ’ being small, there isn’t a difference 
between male and female students about 
their attitude to money, power, and fame.  
Table 3. Counting male students and female ones 

Gen
der 

Money Power Fame 
A 

(Negat
ive) 

B 
(Positi

ve) 

A 
(Negat

ive) 

B 
(Positi

ve) 

A 
(Negat

ive) 

B 
(Positi

ve) 

M 
199 

(21%) 
771 

(79%) 
352 

(36%) 
618 

(64%) 
341 

(35%) 
629 

(65%) 

F 
122 

(17%) 
598 

(83%) 
257 

(36%) 
463 

(64%) 
246 

(34%) 
474 

(66%) 
φ’ 0.05 0.04 0.01 

M: male; F: female 

4. CONCLUSION 
Living values education is very important 
in helping the students have living skills. 
The results show that students nowadays 
still keep good values to live their lives. 
And the higher the awareness of living 
value is, the clearer and more sustainable 
the vocational orientation should be. 
Moreover, it is necessary to change the 
vocational education thinking in Vietnam 
so that it should be begun earlier in terms of 
a strong collaboration of the family, the 
school and the society. 
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ABSTRACT 
Career choice has implications for national development. In every society, the quality of workers as well as their 
job satisfaction contributes directly or indirectly to economic stability and social affairs of the nation. Career 
orientation is effected by many variables, in which family plays a very important role. Attitudes about work and 
careers of young people are formed by interactions with the family. Family background provides the basis from 
which their career plans and decision making evolve. In Vietnam Society, students usually grow up under the 
support of their family, so family is not only the first educational environment but also the first vocational school 
for the youth, and specially the first vocational teachers - their parents. However, within each family, the level of 
involvement can vary, offering both positive and negative influences. Generally, it is believed that the primary 
motive behind the pursuit of various occupations is the fundamental human need to satisfy needs. Human need is 
affected mostly by family background. Occupation and family background form a way of life. They shape one’s 
character, determine one’s social status, style of life…. These implies that the choice of occupation and family 
education has a closed connection and after that one’s entire way of life.This research studies deeply into the 
influence of family factors on career choice. Specifically, it picks on the influence of family variables (parental 
background, labor value viewpoints, self-awareness) on the career choice of more than 500 students from Nong 
Lam University 

Keywords: Greentech2014, Career choice, Job sastifaction, Career orientation, Vocational orientation, labor 
value viewpoints. 

 

1. INTRODUCTION  
Education for Sustainable Development 
means including key sustainable 
development issues into teaching and 
learning; for example, climate change, 
disaster risk reduction, biodiversity, poverty 
reduction, and sustainable consumption. It 
also requires participatory teaching and 
learning methods that motivate and 
empower learners to change their behavior 
and take action for sustainable development. 
Education for Sustainable Development 
consequently promotes competencies like 
critical thinking, imagining future scenarios 
and making decisions in a collaborative 
way. It is required the changing in the way 
of education. 

On the other hand, vocational education is 
an education that prepares trainees for jobs 
that are based on manual or practical 
activities. In the school, vocational 
orientation introduces children and young 

adults to the world of employment, a world 
that is, for them, terra incognita. Given the 
limited tangibility of this world in its 
complexity and diversity, good vocational 
orientation must, at the very least, equip 
young people with an understanding of the 
basic expectations which they are bound to 
encounter through the course of their 
education and career paths.  

At the same time, good vocational 
orientation must facilitate their capacity to 
develop a realistic view of their own 
abilities and individual talents. Schools can 
deliver on these points only when 
vocational orientation activities are 
integrated into their overall educational 
framework and are subject to continual 
updates and qualitative development. 
Reliable coordination teams and an 
established framework for quality 
management are key pillars in achieving 
long-term success in these areas. 
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In this paper, the research studies deeply 
into the influence of family factors on 
career choice. Specifically, it picks on the 
influence of family variables such as 
parental background, labor value 
viewpoints, and self-awareness on the 
career choice of more than 500 cases from 
the Nong Lam University. 

2. LITERATURE REVIEW 
In the previous researches, the family has 
profound influence on the evaluative 
aspects of the child’s development 
including judgment of which career to 
pursue. They considered that it not only the 
individual’s personality but also his 
vocational interests, at least to some 
appreciable extent (Bear and Roeber, 1969). 
The vocational orientation ‘s  
influencedbyparents, the change and 
dynamic socio-economic conditions in the 
country (Onyejiaku,1980).  

Besides, Paul (1962) classified parental 
work attitudes into four main factors such as 
silent attitude, resentful attitude, 
participating attitude and candid 
attitude.Padunny (1994) and Nwankwo 
(1996) concluded that the higher the 
occupational status of the student parents, 
the positive their attitude. Hence, higher 
occupational parents would want their child 
to be higher position in society. The parents 
factor in the development of students interest 
in vocational or technical subjects is not only 
influence on students but also on student’s 
choice of educational career. Moreover, the 
socio-economic status of parent determines 
the type of career one choose to do, some 
parents have biased and rigid thoughts 
regarding the occupational choices. 

Purpose of the Study 
The study was meant to investigate the 
influential factors that affect vocational 
orientation of student towards: parental 
background, labor value viewpoints, 
self-awareness 

- Determine the influence of parental 
background, family history towards 
student’s vocational orientation. 

- Determine the influence of labor value 
viewpoints in the student’s choice 
- Determine the influence of self-awareness 
towards student’s vocational orientation. 
Research Questions 
The following research questions guided 
the study 
- How doesfamilybackground provide the 
basic values to their children? 
- What do parents teach their children labor 
value viewpoints in dailylife? 
- What are the levels of students interest in 
the study of vocational orientation and their 
self-awareness? 
3. METHODOLOGY 

This research adopted design base on some 
factors: 
Research design: Copies of the 
questionnaire given to 500 the respondents 
in the respective schools. The data collected 
were represented in tables and analyzed 
using chi square statistics. The three research 
hypotheses formulated for the study were 
tested at p=0.01 level of significance with 
appropriate degrees of freedom. 
Area of study:Nong Lam University 
Population: about 16000 students 
Sample: 478 students 
Method of data analysis:  Chi-square (χ2) 
was used inanalyzing the data. 
4. RESULT AND DISCUSSION 
The choice of occupation has a persuasive 
connection with one’s entire way of life. 
This research delves into the influence of 
family factors on career choice. Specifically, 
it picks on the influence of parental 
background variables toward the career 
choice of secondary school students in 
Nong Lam University.  
Family influence is an important force in 
preparing students for their roles as workers. 
Young people develop interest about work 
and careers as a result of interactions with 
the family. Family background provides the 
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basis from which their career is planning 
and decision making evolve. In addition to 
parental attitude towards work, parental 
occupation and education also impact 
strongly on the occupational choice of 
children. Children raised in a home 
dominated by a certain occupation are 
likely to be influenced by that occupation.  

4.1 Family background 
The family background factors found to be 
associated with career development 
includes parents' socio-economic status, 
their educational level, and biogenetic 
factors such as physical size, gender, ability, 
and temperament, family background focus 
to some issue below: 
- Parents’ occupations and students’ 
occupational choice: 
The study showed that Parents’ 
occupations do not significantly influence 
the career choice of students. However, 
students’ occupational choices do 
influence by living environment where 
they were born and grown up. In this study, 
79% students who come from rural areas 
chose agriculture group consist of 
Agronomy, Fisheries, Forestry, Animal 
science & Veterinary Medicine. A similar 
result is 80% for geologygroupas well as 
Environment and Technology, Land and 
Real estate management group. This result 
reveals that most of students chose careers 
relatingto fields which they knew when 
they were young. 
Another result proved that Parents’ 
occupations in this research is farmer, 53% 
students say that their parents is farmer, so 
career they are studying related to 
agriculture, forest, fish is unavoidable result. 
The interesting result from this survey 
clearly demonstrated that students did not 
recognize that their parents’ occupation 
influenced on their career. Maybe, they 
believed that it did not influence but their 
choice proved that. 

 Beside, most of students come from 
families have traditional career is agronomy, 
therefore their parents (85 percent) do not 

want students to chose career as them 
because they want their children have a 
good job than they do, they do not want 
their children do work hard as they do. 

- Parents’ educational background and 
students’ career choice: 
Parents’ educational background has a large 
effect to students’ career orientation. In this 
research, most parents (64 percent) have 
educational background from high school to 
high academic. So many students come 
from families their parents have education 
level enough to orient them in the career 
choice is suitable to their ability and 
professional interest not following to their 
parents own view. 

4.2 Parents teach their children labor 
value in daily life  

Students grown up in environmental that 
their parents always teach children the 
value of labor, encourage them to do more 
to realize the value of labor. This 
hypothesis is tested in Table 1 below: 

Significant at p=0.001 level (df=10; 
calculated value of X2=346.49; critical 
X2=29.59) 

It could be observed from the analysis in 
Table 1 that the calculated value of X2 is 
346.49 whereas the critical value at 0.001 
level of significance, and 10 degrees of 
freedom, is 29.59. In view of this, the null 
hypothesis was rejected. This implies that 
students grow up when their parents usually 
recommend them about labor value in daily 
life such as: doing housework, analyzing 
advantage/disadvantage in their work, 
guiding how to save material, 
recommending to help people, encouraging 
to do part time, advising to imitate the 
virtues of good people. Especially, parents 
always teach their children, guide them how 
to save material and recommend students to 
help people. So, labor value viewpoints in 
daily life are taught by parents. Results also 
showed that the children do not have to care 
about household activities, but spend time 
on their homework as much as possible.  
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Thus, parents respect and encourage their 
children confidence, responsible for 
themselves and their families through 
vocational orientation. They not only guide 

their children in vocational orientation but 
also spend more time to teach their children 
to do exercise, to save material and to help 
people. 

 

Table 1. Parents teach their children labor value viewpoints in daily life 

Item Never Usually Always Total 

My parents assignmyhousework  96 243 139 478 

My parents tellme about advantage/disadvantage in their work 132 248 98 478 

My parents guide me how to save material(how to practice saving habit) 42 262 174 478 

My parents recommend me to help the others 66 257 155 478 

My parents encourage me to do part time jobs 266 158 54 478 

My parents advice me to imitate the virtues of good people 94 257 127 478 

Total 696 1425 747 2868 

Table 2. Career trends of students 

Item No important Important Very important Total 

Teacher 184 262 32 478 

Friend 216 225 37 478 

Parents 85 270 123 478 

Hobby 51 219 208 478 

Internet 140 249 89 478 

Experts 127 254 97 478 

Total 803 1479 586 2868 

Table 3. Meaning of career to student 

Item No important Important Very important Total 

Ability 46 301 131 478 

Hobby 33 287 158 478 

Great career opportunity 55 265 158 478 

Family conditions 111 239 128 478 

Traditional 156 246 76 478 

Low tuition fee 165 233 80 478 

Social trends 168 209 101 478 

Short learning time 230 198 50 478 

Total 964 1978 882 3824 
 

4.3 Self – Awareness: 
Students ’sSelf – Awareness ‘s display by 
some factors: career trends, meaning of 
career to student… This hypothesis is tested 
in Table2 and 3: 

Table 2: Significant at p=0.001 level 
(df=14; calculated value of X2=584.76; 
critical X2=36.12) 

Table 3: meaning of career to student 
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Significant at p=0.001 level (df=10; 
calculated value of X2=453.81; critical 
X2=29.59) 

In daily life, students realize the importance 
of the following factors: Family conditions, 
ability, hobby, social trends, traditional 
…and they considered that teacher, friend, 
parents, hobby, internet…is important to 
them. However, great career opportunities, 
hobby are the most important to them. 
Students are career-oriented early, this 
orientation is consulted by many people. 
Students take very seriously the opinions of 
teachers, parents, friends as well as their 
own preferences. However, according to the 
survey, students said that their hobby and 
parents’s opinion is the most important. 
Parents direct their children attention to Self 
– Awareness mainly. In particular, according 
to the survey, 51% students said that the 
reason they do part time is to accumulate 
more experience. They prefer to do 
housework, plan their learning and self- 
serving without the support of Parents. 
Students’ self – awareness are so high. 
Students said that they should accumulate 
more experience before entering into the 
working environment. So, students are Self – 
Awareness, they choose career base on their 
hobby, they are aware about importance of 
career choices with parents’ orientation. 

5. CONCLUSION 
To have a job one loves and enjoys can be 
one of life's great joys. People have a much 
greater choice in the career they pursue. A 
career is no longer just a means of 

financially supporting one's family; it is a 
major part of one's life. Impacts of family 
variables to student’s vocational orientation 
are important but they are indirection 
impacts. They grow up in environment that 
my parents teach their children labor value 
viewpoints in life daily. Parents direct their 
children attention to Self – Awareness 
mainly. 

The study showed that the family 
background is large effect to the choice of 
their career, whether it is only indirectly 
affected. Most children grow up in families 
which their parents aware of the value of 
labor, from the sense that they have made 
choices consistent with industry capabilities 
and personal preferences 

Based on the outcome of this study, it is 
clear that the occupation of parents may 
have some decided influence on children’s 
vocational interests as children raised in 
homes dominated by certain occupations 
are likely to be influenced by that 
occupation especially if the impression they 
have of the occupation is favorable. This 
research confirms students’ hobby and 
opinion of parents is the important. Labor 
value viewpoints in daily life are taught by 
parents. Parents always teach their children, 
guide them how to save material and 
recommend students to help people. Finally, 
parents should be sensitized on the need to 
acquire adequately vocational information 
and discuss freely with their children so that 
they will be able to make well informed 
decisions about their future careers.
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ABSTRACT 
This subtle and small-sized study aims at testing the two most common assumptions on environmental 
awareness. An online survey was conducted in order to reach the aim. 211 participants were involved. The 
results of the survey reveal that there is no correlation between implicit knowledge and explicit actions for the 
environment. In addition, gender, family background and income – the three socio-economic factors to be 
included in the study – were tested for the dependence of environmental awareness. Statistics shows that 
environmental awareness is not significantly dependent on gender, family background and income. However, 
family background has significant influence on the level of knowledge about the environment. Participants with 
intellectual background have better environmental knowledge than the other groups. It is concluded that family 
is important in educating people about the environment.   

Keywords: environmental awareness, action, knowledge, correlation, socio-economic factors 
 

1. INTRODUCTION 
Environment and environmental issues 
have been of interest to many people. 
Studies report that education is the key to 
these issues (Day, B.R. and M.C. Monroe, 
2000). Changing people’s awareness on 
environment and environmental problems 
can help change the situation. As the quote 
“Think green, live green” goes. 
Nevertheless, it is said that environmental 
awareness is dependent on a wide range of 
variables (De Le Vega, 2006). In this very 
small-size study, the research relies on 
both descriptive and statistical data for the 
observation of environmental awareness of 
more than 200 people.   

This research is designed based on several 
assumptions: 

(1) People who have better knowledge of 
the environment are more prone to 
taking actions for the environment. 
(Fahlquist, 2008) 

(2) Environmental awareness is dependent 
on a wide range of socio-economic 
variables. (Alibeli, M.A. & C. 
Johnson, 2009) 

Therefore, the aim of the current study is to 
answer the following research questions: 

(1) Is there any relationship between 
environmental knowledge and 
environmental actions? 

(2) Is environmental awareness dependent 
on socio-economic factors? 

2. METHODOLOGY 
In order to find out the answers to the 
research questions, an online survey was 
carried out. Details are as follows: 

2.1. Participants 
More than 200 people participated in the 
research. These participants answered the 
questions provided in the questionnaire in 
a voluntary manner. There was no time 
pressure or else for the participants as it 
took only 5 minutes for online survey 
completion. 

2.2. Design and analysis 
An online survey was carried out within a 
week. There were totally 10 questions in 
the survey which had been compiled from 
different sources on environmental 
awareness and protection. The survey can 
be approached at 
https://docs.google.com/a/hcmute.edu.vn/f
orms/d/1bshTz_6ojjvREYnKhZw2KjRHE
kGPffjD5xZdo6op9nQ/viewform. The 
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aim of the survey was to collect 
information on age, gender, family 
background, environmental knowledge, 
actions taken, etc. for further analysis and 
discussion. Questions 1 to 5 were 
designed to investigate the background 
information of the participants. Question 6 
is involved with the knowledge about 
environment and environmental protection 
whereas questions 7-10 focus on the 
actions the participants actually took to 
help protect the environment. The 
environmental awareness which is based 
on two factors, environmental knowledge 
and actions is calculated by using the 
Pythagorean equation. 

Raw data was collected and treated in MS-
Excel where figures and tables were 
drawn. SPSS was then employed for 
obtaining statistical results.  

3. FINDINGS AND DISCUSSIONS 
3.1. Environmental knowledge  
Participants were provided with 5 
statements about environmental 
knowledge, which had been adapted from a 
Japanese study (Environment Waikato 
Technical Report 2001/02). In statements 1, 
4 and 5, ‘agree’ response meant a high 
level of environmental knowledge whereas 
in the other statements 2 and 3, agreement 
was understood as a low level of 
environmental knowledge. 

 

Table 1. Knowledge about the environment 

Statements Strongly 
agree 

Partially 
agree Disagree No 

idea Total 

1. The balance of nature is very delicate and easily upset 57% 35% 6% 2% 100% 

2. Modifying the environment for human use seldom causes 
serious problems 17% 32% 46% 5% 100% 

3. Plants and animals exist primarily to be used by humans 21% 46% 31% 2% 100% 

4. The earth is like a spaceship with only limited room and 
resources 55% 23% 19% 3% 100% 

5. There are limits to economic growth 63% 24% 9% 5% 100% 

 

The data from Table 1 reveals some 
positive signals. Particularly, most 
participants (92%) agreed that the balance 
of nature is very delicate and easily upset 
(Statement 1). Similarly, 78% agreed that 
the earth is like a spaceship with only 
limited room and resources (Statement 4). 
87% of the participants agreed there are 
limits to economic growth (Statement 5). 

However, 49% and 67% of the participants 
agreed with Statements 2 and 3 
respectively, which indicates a low level of 
environmental knowledge.  

3.2. Environmental actions 

 
Figure 1. Have you ever taken part in Earth 

Hour? 

Figure 1 is involved with the participation 
into Earth Hour – a very common 
movement for environment. The number of 
participants who have ever taken part in 
Earth Hour is 48%. A similar proportion 
admits that they will join this movement in 
the coming time.   

14% 

34% 42% 

10% Every year

1 or 2 times

Not yet but I
will

Never
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Figure 2. Have you ever searched 

information for a better understanding about 
our environment? 

The question about searching environment-
related information uncovers the fact that 
only 13% of the participants frequently did 
this action. The number for ‘sometimes’ 
responses is 55%. However, up to 30% 
rarely looked up information to get 
understanding about the environment or 
environmental problems. 

 
Figure 3. Have you ever done any voluntary 

work for the environment? 

When a more demanding action is 
concerned, the responses show no 
difference between ‘yes’ and ‘no’. 57% of 
the participants have volunteered to do 
something for the environment while 43% 
have never. 

 
Figure 4. Are you willing to buy an 

environmentally friendly product which is a 
bit more expensive than the other product? 

 This question touches the economic matter 
of the participants. 18% of the participants 
expressed their willingness to buy 
environmentally friendly products whereas 
the majority of them (78%) said ‘it 
depends’. A minority of the participants 
will definitely not spend money on more 
expensive products. According to 
Soontonsmai (2001), green purchase 
correlates positively with gender and 
income. The result of this study fortifies 
Soontonsmai’s findings since most of the 
participants are students with no income 
and female in gender. 

Relationships between environmental 
knowledge and environmental actions 
A correlation test was conducted to test 
whether there is any relationship between a 
certain level of environmental knowledge 
and environmental actions. The test 
produced an insignificant result with the 
significance level equaling to 0.29 (higher 
than the alpha level set at 0.05). 

3.3. Relationship between environmental 
awareness and socio-economic factors. 

Firstly, gender is taken into consideration. 
A cluster of independent samples t-tests 
were performed to produce the result that 
the environmental awareness between 
males and females do not significantly 
differ. Details are in Table 2 below: 
Table 2. Gender vs. environmental awareness 

 Gender vs. 
environmental 

knowledge 

Gender vs. 
environmental 

action 

Gender vs. 
environmental 

awareness 

p 0.09 0.54 0.25 

Secondly, when income is concerned, a 
similar result is obtained. The statistic 
computation leads to the fact that 
participants with different levels of income 
do not have any significant differences in 
level of environmental awareness. 

The third factor that is included in this 
study is family background. There are four 
groups of family background: intellectual, 
farmer, worker and businessman. Statistics 
produce the following outcome: 

13% 

55% 

30% 

2% 

Frequently

Sometimes

Rarely

Never

57% 

43% Yes

No

18% 

78% 

4% 

Certainly

It depends

Never
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Table 3. Family background groups vs. 
environmental awareness 

 Family vs. 
environmental 

knowledge 

Family  vs. 
environmental 

action 

Family  vs. 
environment
al awareness 

Level of 
significa
nce 

0.04 0.54 0.15 

 

Table 3 allows the researcher to conclude 
that family background significantly 
affects environmental knowledge. People 
with different backgrounds have different 
levels of knowledge about the 
environment. Participants originating from 
intellectual background have better 
environmental knowledge than those 
coming from the other three groups. This 
entails the fact that family education plays 
an important role. 

However, family education does not 
suffice for the formation of environmental 
action. That is why participants with 
different family backgrounds do not 
significantly differ in environmental 
actions. A similar situation goes with 
environmental awareness. 

4. CONCLUSION 
The answers to the aforementioned 
research questions have been found. For 
question 1, there is no significant 
correlation between environmental 
knowledge and environmental actions. For 
question 2, environmental awareness does 
not significantly depend on gender, income 
and family background separately. 
However, family environment and 
education has some significant influences 
on the formation of environmental 
knowledge.

 

REFERENCE 
[1] Alibeli, M.A. & C. Johnson. (2009). Environmental Concern: A Cross National 

Analysis. Journal of International and Cross-cultural Studies, 3(1). 
[2] Day, B.R. & M.C. Monroe. (2000). Environmental education and communication for a 

sustainable world. Handbook for international practitioners. Washington DC: Academy 
for Educational Development. 

[3] De Le Vega, E. (2006). A preliminary evaluation of awareness, knowledge and attitude 
in environmental education specialist, instructors, students and parents in Southwest 
Florida. PhD thesis. Florida Gulf Coast University, Fort Myers, FL, USA. 

[4] Environment Waikato Technical Report 2001/02 prepared by Key Research & 
Marketing Ltd &Eclectic Energy 

[5] Fahlquist, J.N. (2008). Moral Responsibility for Environmental Problems-Individual or 
Institutional? J. Agric. Environ. Ethics, DOI 10.1007/s10806-008-9134-5. 

[6] Soontonsmai, V., 2001. Predicting intention and behaviour to purchase environmentally 
sound or green products among Thai consumers: An application of the Theory of 
Reasoned Action, Unpublished Doctor of Philosophy, Nova South-eastern University. 

534 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

RELATIONSHIP BETWEEN CAREER CHOOSING AND 
PERSONALITY OF VIETNAMESE STUDENTS IN VOCATIONAL 

COLLEGES 
 

Nguyen Tan Toi 1,a, Tran Nguyen Thanh Tin2,b 
1Ho Chi Minh City University of Technology and Education 

2Ho Chi Minh University of Technology 
apherotoi@gmail.com; btintran@daynghebanh.vn 

 

ABSTRACT 
An appropriate occupation, somehow, is one of the significant factors that takes an influence on the right and 
sustainable development of individual’s personality. Therefore, vocational orientation can not be separated from 
personality education for students. Students at the age of 16 to 20 may have many projections and ambitions to 
achieve, and one of the most crucial is career. To students, a right career will be the beginning of successful life 
and a sustainable development, at this point the purpose of vocational orientation was fulfilled. In fact, haft of 
students of vocational college drop out of school after first years and some still not satisfy with their choice after 
graduation. From our experiences other studies, a good personality has a strong relationship with career 
choosing. Therefore, we focus on two issues: 1). Good values from family and school that students be 
influenced; 2). How those values correlated with career choice. In this study, methods used are questionnaire, 
interviews and meta data analysis. From the results, our recommendation is “Reinforcing comprehensive 
education at primary education”. 

Keywords: GTSD’14,  vocational orientation, career choice, personality, good values.

1. AN INTRODUCTION TO CAREER 
CHOOSING AND PERSONALITY 

Each person is an unique individual and it 
is reflected through their personality. 
Therefor personality is an important 
characteristic to distinguish between one 
person to others. 

The roles and values of individual have 
shown fully by their working life. In 
vocational education, scientists have 
confirmed the link between personality with 
choosing and developing career. 

There are many ways to understand about 
personality. According to J.F. Donceel, 
personality is: "A self-motivated structure 
where each individual, including physical 
systems defined center moves thinking 
personalityistic of him"[1]. But personality 
is not a fixed factor. Personality is a self-
motivated structure of emotion, thinking is 
sustainable relative stability also although 
influenced by the educational environment 
in adulthood. Several main factors affecting 

personality as environmental, genetic, 
reason and willpower, but the most 
important because of education and 
practise. Especially in a family environment 
and vocational schools.  

The reason that we research is the general 
personality of Vietnamese has many issues 
in labor, young people has many difficulties 
in recruitment, regional discrimination when 
recruiting, interior problems and upside 
donw connection etc... are put forward 
through specific statistics. These problems 
are educators concern, this research found 
that where the source of the problem. Is that 
with respect to the choice of vocational 
training in Vietnam today, the trend of good 
personality and sustainability of career 
choices correlation sustainable or not. 

There are many ways to consider and assess 
personality depend on the social system and 
education of each country. According to 
general standards, UNESCO advanced 12 
of  human life values: unity, love, peace, 
cooperation, tolerance, simplicity, humility, 
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happiness, honesty, responsibility, respect 
and freedom. However, today the school 
system in Vietnam is being organized 
following the school system of J.A. 
Comenius (classes are separated their age 
groups and different grade levels). He  is 
interested in the human personality in 
general overview and simple, including 
four personality groups: toleration, 
moderation, fairness and cautiousness [2].  

This research is the first survey to help us 
direct and continue to further study the 
relationship between personality and the 
sustainability of career options. 

2. CORRELATION BETWEEN 
CAREER CHOICE WITH GOOD 
LIFE VALUES 

2.1 Designing questionnaire  
2.1.1 Occupational questionnaire 
In this section the respondents were asked 
to issues related to careers such as: The 
impact of choice career, who's suggest 
career, do you have long intend. Job’s 
stability and career interests and vocational 
learning is it the same, Is your extra work 
related to major which you are learning. 
Now can you continue with the previously 
planned, do you intend to continue and 
develop in the future? 

With these aspects in choosing career in the 
past, in present and future planned, we built 
10 questions with two choices a-b with the 
opposite. We study about personality and 
the stability in development of their career 
who attend vocational learning today. 

2.1.2  Personality trend’s questionnaire 
Research four virtues according to 
Comenius, every virtue will be surveyed 
with 4 questions which has more options 
with increasing levels. After surveying, we 
completed the questionnaire that has 16 
questions. That is the initial reseach, the 
scope research is convenient for sampling, 
with the typical vocational school system 
from vocational primary, vocational 
intermediate, vocational college and 
university.  

Results emits 280 votes, after data 
processing, the results are statistically valid 
with 264 votes. This section has 16 
questions related to personality trends. Each  
four consecutive questions to ask about 
focusing on a virtue. All virtues are: 
moderation, concession, fairness and 
cautiousness. If students choose answer (a) 
their personality trend poorly. Conversely, 
if they selected (b), (c), (d), they have good 
personality trend, and the increasing value 
from (b) to (d). 

Surveyed 264 convenience samples showed 
results like the following statistics: 

2.2 Occupational questionnaire 
2.2.1 The impact of choice career in the 

past 
Table 1. Survey results of the impact of 

choice career in the past 

Survey 
table 

Level Q.1 Q.2 Q.3 

a 187 163 165 

b 77 101 99 

     

Chi 
squared 

χ2 
46 14.6 16.5 

The students who were surveyed, like any 
careers in the past. However, this factor was 
impacted by relatives and their families, that 
have relative affected to choice career each 
of students. Almost answer “a” is the most 
popular choice, they have even like a 
previous job. Also in the past and current 
choice careers are more or less the impact of 
their family or relative.  

2.2.2 Aspects of the current occupation  
Table 2. Survey results of Aspects of the 

current occupation 

 
Survey 
table 

Level Q.4 Q.5 Q.6 Q.7 

a 96 221 136 140 

b 168 43 128 124 

      

Chi 
squared χ2 19.6 120 0.24 0.97 

536 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

Although interested careers are not the 
same in the past and current, the most of 
students who were surveyed prefer their 
career in the present. When we caculated 
chi-squared, the surveys of interested career 
in present is nearly absolute.  

2.2.3 Provision for future career 
Table 3. Survey results of provision for 

future career 

 
Survey 
table 

Level Q.8 Q.9 Q.10 

a 186 200 239 

b 78 64 25 

     

Chi 
squared χ2 44.2 70.1 173 

When taking about career planning in the 
future, the students had preparation and 
clearly direction. When the career was 
choiced  suitable with aspirations and their 
abilities, the students had a long thought 
process to guide in the future. Therefore, 
when they were asked, they choose answer 
10 the most with frequency 239, equivalent 
91%. Next is answer 5 with frequency 221, 
84%. Two questions were selected with 
roughly the same frequency as question 1 
(with frequency 187,  71%) and question 8 
(with frequency 186, 70%). The statistics 
showed that 232 students selected answer 
(a) with frequency over 5 times, equivalent 
87% of total students. There are 221 
students like career which they are 
studying, equivalent 84% of total students. 
Therefore certainty of career is rather high. 
A notable result of chi-squared: χ2 is found 
in table is 21.17. So, statistical result of 
question 1, 5, 8, 9 and 10 are greater than 
chi-squared which is found in table. That 
means that between yes or no answer to 
mentioned questions, correlated 
together.This is the premise for comparison 
and control with the second questionnaire 
which is about the trend of personality. This 
is the basis to find correlations between 
personality questions and professional 
certainty questions.  

 

2.3 Personality trend questionnaire: 
2.3.1 Moderation  

Table 4. Survey results of moderation 

 
 

Survey  
table 

Level Q.1 Q.2 Q.3 Q.4 

1 1 83 10 9 

2 13 32 34 4 

3 28 0 42 35 

4 222 149 178 216 

      

Chi  
squared 

χ2 497 192 262 463 

Moderation is a virtue which necessary for 
life. Everyone needs to moderate from 
eating to learning. Students who have 
moderate virtue, specifically through: there 
is a schedule for every day, streamlined and 
science in learning time, resting, eating, 
playing sports. Results of survey show that 
they have moderation in learning and other 
activities.  

2.3.2 Toleration 
Table 5. Survey results of Toleration 

 
 

Survey 
table 

Level Q.5 Q.6 Q.7 Q.8 

1 3 3 0 27 

2 3 1 8 16 

3 128 22 85 93 

4 130 238 171 128 

      

Chi 
squared χ2 241 601 290 130 

Students who have  toleration virtues, 
specifically through: they are polited, 
peacefully; to be kind and always help their 
friends. 
The toleration also implies that not insist on 
keeping their rights or the right to impose 
their opinions to others. This is reflected in 
the results of question 6th nearly absolute, 
they respect people's opinions on public 
issues. 
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2.3.3 Fairness 
Table 6. Survey results of fairness 

 
 

Survey 
table 

Level Q.9 Q.10 Q.11 Q.12 

1 10 8 6 25 

2 8 12 87 29 

3 54 141 58 19 

4 192 103 113 191 

      

Chi 
squared 

χ2 341 201 94 316 

According to Aristotle, the fairness is a 
virtue by which each person receives their 
share and according to the provisions of the 
law. The fairness represents arises from the 
notion of social issues, lifestyle. To achieve 
the fairness with everyone, foremost, they 
must be fair with themselves in life.  The 
students choose the fairness, expressed 
through honest lifestyle such as not 
cheating in tests and examinations.  

2.3.4 Cautiousness 
 Table 7. Survey results of cautiousness 

 
 

Survey 
table 

Level Q.13 Q.14 Q.15 Q.16 

1 37 14 4 50 

2 52 10 27 3 

3 12 16 57 103 

4 163 224 176 108 

      

Chi 
squared 

χ2 203 505 266 112 

Students who have cautiousness, 
demonstrated by the implementation of 
practical exercises, a thorough 
understanding teacher’s knowledge, 
practice to solve problems in learning 
logically and carefully. 

The significance of the chi-squared for 
questions which about trend of personality 
as: when the chi-squared was calculated 
have greater value than chi-squared is found 
in table(χ2 = 69.957), then the questions’s 
content and the choices are correlated 

together. Thus, when comparing the 
surveyed chi-squared  with the table chi-
squared, they are larger. That means that 
the content of the questions and choices are 
correlated together. Is there a correlation 
between virtue with career choice? From 
the results we can consider: There is a 
correlation between definitive questionnaire 
of career trends and questionnaire of 
personality.  

Table 8.  φ'  Correlation coefficient 

Question φ' Q.1 φ'  
Q.4 

φ'  
Q.5 

φ'   
Q.8 

Moderation 

Q.1 0.11 0.1 0.13 0.21 

Q.2 0.27 0.2 0.21 0.21 

Q.3 0.71 0.4 0.84 0.71 

Q.4 0.51 0.5 0.75 0.51 

Toleration 

Q.5 0.14 0.1 0.24 0.21 

Q.6 0.13 0.1 0.25 0.11 

Q.7 0.71 0.4 0.84 0.71 

Q.8 0.52 0.5 0.74 0.5 

Fairness 

Q.9 0.12 0.1 0.15 0.22 

Q.10 0.14 0.2 0.11 0.15 

Q.11 0.71 0.4 0.84 0.72 

Q.12 0.52 0.5 0.75 0.51 

Cautiousness 

Q.13 0.27 0.2 0.15 0.2 

Q.14 0.17 0.2 0.15 0.11 

Q.15 0.71 0.4 0.84 0.71 

Q.16 0.51 0.5 0.76 0.52 

The question 2,3,4,7,8,11,12,15,16 of 
personality trends correlated rather strongly 
with the question of definitive occupation. 
In the society, peace create equilibrium and 
thus society flourish. Peace was achieved 
by the toleration in the way of conduct. 
Therefore, selecting the toleration elements 
in question 6th was selected the most 
popular with frequency 238 equivalent 
90%. The cautiousness help them to success 
for a decision, or a job. This element was 
focused more by students and is ranked 
second with  frequency 224 approximate 
85%. Besides moderation creating an 
equilibrium of mind, peace, relaxation and 
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happiness. Moderation element is that 
students prefer: question 1st with frequency 
222, equivalent 84% and question 4th with 
frequency 216 approximate 82%.  

An other statistically significant of results is 
the rate of average options. As presented, in 
the personality survey: if the students 
choose answer (b, c, d) more, the 
personality of the students trend to be good. 
The statistical results showed that the 
average 93% choose answer (b, c, d). Such 
personality trends of the students who 
surveyed as well, along with vocational 
factors such as occupation directed before 
choosing a career, investing a lot of time for 
apprenticeship and major which are 
attending is interest job, definitive 
occupation that they are pursuing is very 
high.  

3. CONCLUSION  
Today, in Vietnam vocational education 
system, students have a sustainable career 
choice. Schools should enhance moral 
education for children through four virtues: 

moderation, toleration, cautiousness and 
fairness. By these virtues could educate and 
orient for students thinking positively, 
maturely and thoroughly.  

Thus, the definitive occupation and 
personality trends well correlated together. 
Another way, the students have good 
personality will achieve the definitive 
occupation. The sustainability of a building 
must to have a solid foundation. Student’s 
career and a good personality depends on 
the initial foundation.  

Combining vocational education and 
personality education will create a 
sustainable education. Through the 
personality education, educators formed a 
student how to live in harmony with others, 
how to live in magnanimity with 
themselves. Going to the vocational work, 
educators help students choose the right 
profession through appropriate lifestyle and 
talents of themselves. Need strengthening 
vocational work and personality 
development rightly from primary school.   
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ABSTRACT 
The core purpose of Chuang Tzu’s phylosophy of inaction is to have discussion on such issues as: being 
accidentally, unsolicitous, senseless, impersonal and unemotional in order to leave all things take its natural course 
without interference, by which they promote their effectiveness, so do human beings. Therefore, “inaction” 
means do but don’t and do nothing but nothing isn’t done. In the modern times, the phylosophy still remains the 
intactness of its meanings shown on various aspects of social life, especially it is of great value in the current 
environmental issues. 
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1. INTRODUCTION 
The world in which we live is of great 
changes. Humanity has witnessed the 
extraordinary achievements of the modern 
scientific and technological revolution with 
the emergence of the knowledge economy 
and the intensive and extensive 
globalization, which has a direct impact on 
the our social, politic and economic life. 
Besides, humans have been also facing such 
great challenges on a global scale as: 
cultural, politic and economic crisis, local 
wars with various forms of ethnic and 
religious conflict, terrorism, population 
explosion, poverty, disease and etc, of 
which environmental pollution, global 
climate change, energy and resource 
depletion are the news matters. Based on 
the Chuang Tzu’s concept of inaction,  this 
article analyzes the objective and subjective 
causes leading to serious environmental 
pollution and suggest practical implications 
to make contribution to environmental 
protection in this time. 

2. CHUANG TZU’S PHILOSOPHY 
OF INACTION 

The specialty and the most importance of 
Chuang Tzu’s ideology of human is his 
concept of inaction inherited from the 

forebears in the Taoist sect, specifically Lao 
Tzu. However, Chuang Tzu’s “inaction” 
goes beyond Lao Tzu’s, of which the latter 
is “inaction but action all” and the former is 
“not excessive” and specially highlights the 
removal of  what prevents the development 
of all things’ nature. Thanks to this, they all 
get freedom and equality to follow the path, 
and operate in accordance with the nature. 
Here, the question raised is whether there 
have been any philosopher mentioning 
inaction before Lao Tzu - Chuang Tzu or 
not. The answer is quite clearly, because the 
existence of “action” shows that of 
“inaction” inevitably. There existed many 
deputes on Confucius and Mozi’s “action” 
among hermits considered as the 
progenitors of the theory “inaction” such as 
Than Mon, Ha Quy, Tiep Du, Ha Dieu, 
Truong Nhan, Truong Thu and etc. 
However, they did not leave any 
masterpieces and their names are even 
known only through the masterpiece of the 
confucianism. 

It can be said that Yang Chu was the first 
storing a philosophy. Yang Chu’s 
ideology of Inaction is to respect the 
individualism and do not want to become 
servants to the kings and lords who did 
not live for the people, but ask people to 
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serve them for their sake instead. 
However, Yang Chu’s individualism is 
respectable at the point that being 
“selfish” is not to harm the people but to 
keep integrity oneself, to conserve 
natural, esteem life, and not leave foreign 
objects to hurt oneself and if everyone 
knows how to save themselves, the 
society would become peaceful. 

Following Yang Chu, that is Hoa Tuz and 
Thiem Ha, they did not leave any a 
masterpiece. Their names were mentioned 
only in Chuang Tzu and La Thi Xuan Thu. 
However, the focus of their ideology 
resembled Yang Chu in “selfish”, “esteem 
life”, because the great work of life is to 
preserve and esteem life. 

Turning to Lao Tuz’s theory,  his “inaction” 
has shown profound, systematic and farther 
than that of previous philosophers. Lao 
Tzu’s theory of “inaction” did started from 
the ontology. It means that the Path is taken 
as a basis for reasoning the human nature, 
human life and the remaining problems in 
social life. So, unlike Yang Chu’s theory of 
“selfish”, he advised all human action must 
be inaction, because inaction is obeying the 
nature and in accordance with human 
nature. Meanwhile, the “action” is naughty 
everything. As for him, the more efforts 
people make to impriove the nature, the 
more faults/damage they make, because 
anything born by the Path was complete. 
Lao Tzu’s book wrote: “using action to rule 
the people is not the case. The people is 
considered as a miraculous object which 
action and intolerance can not do anything. 
The action harms the people, the 
intolerance loses the people”[1]. 

However, inaction, as for Lao Tuz, 
does not mean “do absolutely nothing”, but 
“do not anything  in contrast to the nature”. 
He highlighted humble and hates 
competition. Because anything that is 
humble is softness, while softness is 
frequently tied closely to life. And, the 
competition is hard, while hard is 
frequently tied closely to death. Therefore, 
as for him, nothing is more flexible than 

water and nothing is softer than vegetation 
which are very strong and immortal. 
Human is a small creature and weak in the 
universe. Therefore, it is necessary to 
follow the nature in order to promote the 
nature of oneself and not to compete each 
other so that society becomes peaceful. 

Moreover, Lao Tuz’s inaction advocate 
human is “unsolicitous”, which means not 
being greedy for fame and wealth and 
dependent on foreign objects. He thought 
that it is not necessary to respect oneself, 
which is different with Yang Chu. Lao 
Tzu’s book wrote: “Why do we fears great 
misfortune? It is because that we have our 
bodies. If we don’t have bodies, we do not 
need to fear the misfortune”[2]. 

Besides, Lao Tuz’s inaction does not mean 
“to turn a deaf ear to social affairs”, but 
“sought to save life, stablize the society to 
prevent trouble fire and sword”. It can be 
seen that if we consider this aspect, he is a 
politician rather than philosopher. If we 
want to save life with the theory of inaction, 
it is necessary to put action away and obey 
the nature. So, Lao Tuz had criticize human 
virtuousness, civility, and righteousness of 
Confucianism. Lao Tzu’s book wrote: “to 
escape from the saint and mind, people 
benefit hundredfold; to escape from the 
humanity and reject righteousness, people 
arrive charitable; to bring the (mind) crafty 
to an end to reject the benefits, there is no 
steal invader”[3] However, how can we 
keep the natural character and heaven truth? 
Probably only great sage can do and turning 
the society back to nature and obeying its 
nature becomes more difficult. So, we see 
that Lao Tuz’s Path is in fact profound and 
very high. 

It can be said that coming to Chuang Tzu, 
Taoism’s philosophy of life had finished. 
His inaction can be understood that: “if 
everything consented the nature and was 
ingenuous with its nature without 
improvement and intervence, they promote 
their effectiveness, so does human, that is, 
consenting nature. So, do but don’t and do 
nothing but nothing isn’t done”[4]. As for 
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Chuang Tzu, Inaction is doing action 
naturally, being in accordance with the 
nature of all things, being unprejudiced, do 
not calculated and consider advantages and 
disadvantages and do not be compelled by 
any dogmatic prejudices. This means being 
completely “accidentally” before foreign 
objects and preventing the affect from 
foreign objects on the ingenuous nature of 
all things. Simultaneously, he 
recommends that human must be 
“unsolicitous”, that is, being unsolicitous 
(foreign objects) to keep one’s life intact. 
Chuang Tzu’s stated: “Ba Di died because 
of his name on Tho Duong hill, Dao 
Chich died because of the advantages at 
Dong Lang; although the cause of their 
deaths were different, they both do harm the 
life and hurt the nature at all, but why 
praised Ba Di but criticize Dao Chich”[5]. 

Therefore, human’s action must come 
back to the Path and consent with the rule 
of all things, which is right with nature 
one’s life. And, attaining the nature means 
human will get happiness because of 
absolute freedom and equality, which the 
society get peaceful. So, Chuang Tzu had 
criticized the philosophy of action that the 
contemporary society had acquired, to 
accuse the humanity, civility, righteousness 
of Confucianism because they go against 
Path and lose the true nature of human. 
“using the hook, the wire (line), the rules 
(compass), the square rule (set square) to 
repair means damage the nature; using 
barbed wire rope and glue to keep strong 
means being contrary to the nature. 
Retraining people with civility music and 
soothing human with righteousness means 
losing their nature”[6]. Being inaction once 
and in accordance with nature, people are in 
harmony with nature and promote their 
nature. It is also a method of life 
conservation for oneself. “doing good 
implicates the reputation and doing evil 
suffers punishment. Only people obeying 
the path preserve themselves and life, to 
take care of the parents and live full sun 
age”[7]. 

To achieve the status of Inaction, human is 
not only accidentally, unsolicitous but also 
senseless, impersonal. Being unsolicitous, 
not thinking at all, completely consent with 
nature, and being in harmony with things 
means achieving the Path and coming to the 
realms that Chuang Tzu said “nothingness”, 
that is, removing“intellectual” to consent 
with the nature and using our mood to treat 
with mood of all things, then we will forget 
us and things at all. 

Whenever human is identified with the 
universe and achieve “impersonal”, they are 
called “perfect man”, followed by “divine 
man” who does not make any contributions 
in life, and then to “sadhu” who does not 
have the name. “As a person who control 
the right path of heaven and earth and 
dominates the six kinds of weather to keep 
go for a walk in boundless universe, there is 
no need to depend in anything. So, it is said 
that “the perfect man (who has great 
virtuousnes) sacrifices oneself, the divine 
man does not achieve a feat, the sadhu does 
not leave their names in life”[8]. The divine 
man makes contributions in life but because 
of being “inaction” no one know them; the 
sadhu is completely natural, so they don’t 
have any contributions; the perfect men is 
completely self-sacrifice, so they are 
impersonal. The “perfect men” are also 
called enlighted-monk. “Take god as lord, 
virtuousness as the basic, the Path as the 
door, do not feel  touched by anything, 
because life and death, high and low, 
wealth and poverty, probity, praise and 
blame, hot and cold … are Path 
transformation and inherent of nature. “the 
ancient Enlighted-monk was unsolicitous, 
not afraid of death, not happy to be born, 
not sorrowful to be died (do not refuse), 
came and went suddenly, that’s all; did not 
forget where they were born, did not pray 
for death, and were happy to welcome 
coming things, and then when something 
was lost, they thought that they returned to 
the nature. Therefore, the person who do 
not take the heart to hurt the Path and use 
human power to help heaven power is 
called the enlighted-monk”[9]. 
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Therefore, having being “impersonal” 
means not only “accidentally”, 
“unsolicitous”, “senseless” but also 
“unemotional”, that is the Inaction path of  
perfect man. Chuang Tzu’s wrote: “the 
perfect man is deities. The fired grassland 
don’t make them hot, the freezed rivers 
don’t make them cold, the lightning 
breaking the mountain and the win make up 
waves do not make them threatened”[9]. 
Being unemotional is because the heart does 
not mind, which is because it consented with 
laws of nature, of all things and of heaven, 
not be happy when attaining something and 
not be sorrowful when losing something, 
not be happy to live and not be sorrowful to 
die.  To reached the state of unemotional is 
in fact high, but the perfect man even can 
go further. As for Chuang Tuz, they 
“control the wind and clouds, ride the Sun 
and the Moon to to go around the four 
oceans”[9]. Chuang Tzu, in fact, refers the 
figure of the perfect man described above to 
the mind state of the people having reached 
the extreme of Inaction, salvation under all 
circumstances life, that is the example life 
of the enlighted-monk. 

However, Chuang Tuz advocated salvation 
but not hermit like Yang Chu (440 - 380 
BC), Liet Tuz (430 - 249 BC), that is the 
salvation not to depend on the foreign 
objects and to consider things as equal, 
from which there would be the ways to 
behave with the life fairly, equally, and 
without bias, dwelling,  good and evil, taste, 
and beauty. “A man lying in the dank place 
(in the mud) backache and paralytic, so how 
is an eal in this situation? A man sitting on 
the tree tremble, so how is a monkey in this 
situation? The accommodation of the 
humane and those two animals that, which 
is ideal?(right dwelling)? Humans eat beef, 
pork, meat of goat and meat of dogs; while 
cervids eats grass; centipede like to eat 
small snakes; owls and crows like to eat 
mice. The tastes of the four, what is ideal 
(right taste)? Male monkeys live with 
female gibbon; stag live with hind; Eel live 
together with fishes; Mao Tuong and Le Co 
are complimented nicely by everyone, so 

when they come, the fish dive deeply; the 
bird fly highly; the cervids run long. The 
beauty of the four, which is the ideal (right 
beauty)? How to differentiate civility, 
virtuousness, goodness and evil [10].   

Therefore, the conduct by Chuang Tuz is 
“centrist” with all things, with life. There is 
not anything called useful and useless, 
talent and incapable, good and evil. There is 
no noms for all creatures, because 
everything has their own nature and works 
according to different laws. Humans are 
cells of the millions of cells in a big body, 
that is, the immense universe. Anything that 
live their own life, implement radially its 
nature will achieve freedom and equality 
absolutely. Therefore, nobody has the right 
to raise a standard for humans to follow. 
Doing so is contrary to the nature and 
unsuitable for the ideal of life of human and 
all things. 

With this sense, Chuang Tuz’s “Inaction” is 
to keep the heart level-headed, the attitude 
calm, consent with nature but not own 
ideas; if so, not only ignore in front of 
changes of life, do not expect, do not 
compete for the merit, do not pray for the 
fame, but also forget oneself, that is, being 
“egolessness” but reconcile with universe 
and all things is also the harmony with Path 
already. So, the inaction had appeared with 
the  hermits during Confucius’s time. 
However, coming to Yangtze’s time, it 
became a doctrine and had influence with 
the ideology of Confucianism and Mac Gia; 
to Lao Tzu, it became a systematic 
philosophy, and to Chuang Tuz, it 
developed to the utmost and became  
complete.     

Yangtze wanted to live like a hermit but 
was inaction, that is, he did not make 
anything helpful for life; Lao Tzu wanted to 
save the world but  was inaction, that is, 
action according to the laws of the nature; 
Chuang Tuz wanted to go back to the 
“nature” but was inaction, that is, he wanted 
to sefl-improve to get “accidentally”, 
“unsolicitous”, “senseless”, “impersonal” 
and “unemotional”, completely salvation. 
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Because of inaction, Yangtze valued 
“selfish”, Quan Doan (440 - 360 BC) 
highlights “probity”, Liet Tuz focused on 
“empty”, Lao Tuz appreciated “virtue 
humble flexible, survival quiet, 
unsolicitous”, Chuang Tuz payed much 
attention to the equality (uniform), the 
absolute freedom (wander), the concord of 
all things in the universe.  

3. THE CAUSE OF 
ENVIRONMENTAL POLLUTION 
ACCORDING TO CHUANG TZU’S 
PHILOSOPHY OF INACTION 

Chuang Tuz’s philosophy of human is 
valuable not only in terms of historical 
aspects but also of the theoretical and 
practical ones in today’s society. Although 
the world in which we live is of great 
changes, the conept of  “inaction” remains 
its value intactly. 

Considering Chuang Tuz’s philosophy of 
human, it can be seen that the man take 
much action on the world. They act despite 
the laws and do not consent with the natural 
regulations. They want to use the “ego” to 
dominate and consider themselves as the 
“chief”, the highest in the evolution of all 
things. Consequently,  it leads to the 
disagreement between all aspects of social 
life. Until now, addressin the above 
consequences is not the own task of any  
particular nation but of the whole world. 

In recent years, with the practical efforts, 
such international organizations as 
UNESCO, WHO, FAO, HRW… has had 
solutions to the above consequences. Those 
efforts was really great for the overall 
development of humanity. However, it is 
obvious that the key of those consequences 
has not had been resolved, because the 
benefit is the big demand of each country 
today. All countries have been using every 
trick to win the advantage for his part. 
Disputes on the market, market share, 
territory, religion ... have been becoming 
fierce among countries in the world. 
Therefore, losing freedom and equality  
among humans and nations have been 
developing strongly in the world today. To 

sum up, the world is currently complicated 
and instable in many areas of social life. 
From Chuang Tuz’s philosophy of 
“inaction”, we would interprete its value in 
the current environmental issues. 

In the primitive period, the human 
harmonized with nature and depended 
much on the product available in the nature. 
Humans’ habits were similar to some 
animals, which was inclined on the instinct 
and did not intend to threaten the existence 
of some other species. At this stage, the 
population was less, means of production 
was primitive, so the human easily 
familiarized with the natural environment. 
Obviously, right at this time the human had 
begun to have impact on environmental at 
low levels, so the function of the 
environment was quickly restored. 

When human societies turned to produce 
farming methods, the human has had more 
food and has been more active in living 
resources. Therefore, rapid population 
growth required exploitation of land and 
forest resources. This means the human had 
been impacting the environment on a larger 
and larger scale. Specially, over the past 
200 years, human society has undergone 
two industrial revolutions, which created 
much giant development. The enhanced 
productive forces have also created much 
possession to meet humans’ increasing 
need. The enhances productive forces have 
consumed raw materials and fuel more and 
more, which has demanded the human to 
exploit natural resources. In the other hand, 
although modern industry has brought 
humanity to the civilized world, it also 
resulted in the exhaust fumes, industrial 
waste water which have been seriously 
polluting the atmosphere, the water source 
and the environment around. So, the 
development of science and technology has 
fundamentally improved human life, but it 
has leaded to resource degradation and 
environmental pollution. 

Food production must requires more land. 
The arbitrary reclamation unavoidablely 
desertification some parts and erode land; 
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the inappropriate irrigational can make 
farmland sour and salty with the 
accumulation of such salts as NaCl, KCl, 
CaSO4 và Na2CO3. According to United 
nations statistics, the expansion of irrigated 
lands within the last 20 years has made 
25% of irrigated land affected by 
salinization, especially in the countries of 
Iraq, Iran, Pakistan, Egypt ... [11]. The 
usage of the achievements of science and 
technology with the “artful mind” to make 
profits has leaded to the fact that many 
people have used amphetamine, pesticides, 
chemical fertilizers,  toxins on the 
production and on the product, which has 
had direct influence on human health and 
the existence of many other animals. Today, 
many of the bays and estuaries were heavily 
contaminated with fertilizer products. It is 
the littoral of North and South America; 
Africa, India, Southeast Asia, Australia, 
China and Japan. 

The air is the relatively serious polluted 
environment, because people have been 
using too large source of energy to perform 
the process of industrialization and 
modernization and daily living needs. 
Therefore, the concentration of CO2, CH4, 
CFC ... have been causing greenhouse 
effect increase, which leads to global 
warming, the melting polar ice, rising sea 
level invading the land. The compounds 
containing S and N are the causes of acid 
rain which has disastrous effects on the 
human’s ecology environment of human on 
Earth. 

The exhausted resources make the 
environment deteriorating, the depleted 
minerals urge people to find and exploit 
small mines, the rocky mountains digging 
out with miscellaneous ore is the 
environmental problems for the country. 
The creature resources which can be reborn 
are also devastating and overfishing by 
human. Several animal species and rare 
plants are at greater risk of extinction. 

In the war, not only the environmental 
resource was depleted by direct 
devastatation from lethal weapons but also 

thoroughly exploited. Because more than 
ever, people need more weapons, military 
equipment, and food to serve the battles, so 
minerals, forests, and land are thoroughly 
exploited leading to depletion or 
degradation.  

4. THE SIGNIFICANCE OF CHUANG 
TZU’S PHILOSOPHY OF 
INACTION IN ENVIRONMENTAL 
PROTECTION ISSUES TODAY 

Environmental pollution status has caused 
serious consequences for humanity. In the 
world today there are more than forty 
countries lacking fresh water; the Earth is 
heating up; many countries have been in the 
state of seawater invasion including Viet 
Nam; respiratory diseases, cardiovascular 
diseases, throat inflammation, chest pain, 
breathlessness, cancer and more are 
increasing. On the holistic perspective, the 
Earth is the unified whole, the human living 
on Earth is closely related to all things and 
they have mutual influence. So, facing that 
situation, instead of destroying nature, 
following sex desire, and conquering 
nature, the human needs to understand to 
adapt and be in harmony with nature, 
protect the nature and consent with the 
nature. Thanks to this, humans both benefit 
muchs and protect their own habitat. This is 
one of the contents of Chung Tuz’s 
philosophy of inaction from two thousand 
years ago and is still valid until now. 

As for Chuang Tzu, the human should not 
contrast to the nature and see themselves 
as “chief” of the nature. They must consent 
with the nature and adjust the relationship 
between human with the nature in 
harmony. The achievements of science and 
technology today should be applied in “the 
nature improvement”, protect the nature, 
work in accordance with the laws of the 
nature. They should not be used to 
encroach the mankind’s living 
environment. The more the human get 
“action”, the more foreign objects invade 
us, therefore Chuang Tzu advises that 
“Cows and horses have four legs, that is 
the heaven (nature); tiding the horse head 
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and threading cow nose is made by man 
(to create). Do not take the things humans 
make to destroy the nature. Do not take 
action to destroy the order of the universe 
(fate), do not take their own nature to 
sacrifice for reputation. Do not forget to 
follow that advise, if not forget, they 
would turn back to their nature (difference 
true)”[12]. And that was reminded by 
Friedrich Engels that: “humans should not 
be too proud of our successes over the 
nature, because the truth reminds us that 
we do not completely dominate the natural 
world as an invader dominating another 
nation, as someone who lives outside the 
natural world, and all of our domination 
are different from other all other creatures 
in the fact they are aware of the laws of 
nature and use the rules properly”[13]. 
This is a profound warning to mankind by 
Friedrich Engels from the nineteenth 
century, while humans have made great 
strides in industrial civilization, and also a 
reminder of Chuang Tzu to humans from 
two thousand years ago. 

The civilization society is the society 
which has absolute freedom and equality, 
peace and happiness and in which the 
human life is simple and in harmony with 
the natural world. Despite modernization 
and civilization people reach, the man is 
only the one who is “diving the canal in 
the sea, the mountains begin mosquitoes” 
when their habitat and living conditions 
can not be guaranteed and always 
threatened. So, the Chuang Tzu wrote: 
“Formerly, there was a sea bird landed 
outside the citadel Lu’s state. King of Lu 
dwelled out to catch and bring it to the 
imperial temple, then celebrated a party, 
demanded to perform Nine Heaven music, 
and organized a slaughter ceremony (kill 

cows, sheep and pigs) for it. However, the 
bird confused, felt sorrowful. It did not eat 
any piece of meat and drink any drops of 
alcohol. It died three days after. It is taking 
the method of caring themselves to nourish 
the birds, but not  take the manner of 
breeding birds to feed birds. To take the 
manner of breeding birds to feed birds, it is 
necessary to leave it in the deep forest, 
give it freedom to go around the wetlands, 
float in rivers and lakes, eat eels or small 
fish, fly with other birds, land wherever 
that they want freely and relaxedly. 
Moreover, listening to the people’s voices 
make them hate, so how can they listen to 
that noisy music”[14]. 

5. CONCLUSION 
Thus, Chuang Tuz’s philosophy of 
inaction was born over two thousand years 
ago, while human societies was born from 
the fairy story, myths to advance to the 
civilized world with full of turbulence, but 
clearly on the naive materialism and 
primitive dialectics, he had exactly 
surmised about disastrous consequences 
that people have used their artful mind, 
machine, and own desire to lose the 
harmony between man and nature. This is 
a advance ideas and of practical value in 
the current era. If the human know to 
listen, understand and apply his philosophy 
to the current achievements of modern 
science and technology to protect the 
environment, it makes sure that the 
environmental protection will be much 
more effective and that will bring 
happiness to people and be also the desire 
through Chuang Tzu’s philosophy of 
human life. 
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ABSTRACT 
As a developing nation, located in areas with high growth economy of the world, Viet Nam is one of the nations 
has been facing with grim challenges of climate change for the achievements of social economy development of 
the country. The unforeseen consequences of climate change in a tropical coastal countries like Viet Nam is very 
serious. So, dealing with climate change, disaster prevention in Viet Nam is really long-term strategic issues and 
have a practical significance. 
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1. VIET NAM COMMUNIST PARTY 
WITH PROBLEM RESPONSE TO 
CLIMATE CHANGE, 
CONTRIBUTING TO ENDURING 
DEVELOPMENT THE COUNTRY 

From the fact that, in the Platform for 
national construction in the transitional 
period to socialism (additional and 
development 2011) adopted at the XI 
Congress, Our Party indicated: 
“Environmental protection is the 
responsibility of the political system, society 
and obligation of every citizen. Incorporates 
between control, prevent and overcome the 
pollution with overcome and protect the 
ecological environment. Developing clean 
energy, clean manufacturing and clean 
consumption. Attach special importance to 
researching, forecasting and implementation 
of solutions to dealing with climate change 
and natural disasters”[1]. Along with the 
process of promoting industrialization and 
modernization of the country associated with 
international integration, Viet Nam 
Communist Party has made a strategic 
adjustment about social economic 
development. It is fast, enduring develop, 
combine to protect resources, environment, 
and actively dealing with climate change, 
prevent natural disasters. Continuous 
concretize the Platform in the construction 

and development of the country, in 7th 
Conference, the Central Executive Board of 
session XI has issued Resolution No. 
24/NQTW about Actively dealing with 
climate change, enhancing resource 
management and environmental protection. 
In there, about initiative in response with 
climate change, the Resolution confirmed: 
“Climate change is a global problem, a 
serious challenge for mankind in the twenty-
first century. Dealing with climate change 
must be put in global relations; not only a 
challenge but also an opportunity to promote 
the growth pattern transformation towards 
sustainable development. Must be done 
simultaneously both adaptation and 
mitigation. Among them, dealing with 
climate change, actively prevent and avoid 
natural disasters is the focus” [2]. This is the 
first time, Viet Nam Communist party refer 
climate change problem into a Resolution of 
a term of Congress. Renovation work of the 
Party and Viet Nam’s people have deepened 
and touched on the problems of the world, 
the values of human. 

2. VIET NAM IS A COUNTRY THAT 
SEVERELY AFFECTED BY 
CLIMATE CHANGE 

As a coastal country has a coastline nearly 
3. 000 kilometers, located on the shores of 
the Pacific Ocean, Viet Nam was ranked 13 

549 

mailto:cand@hcmute.edu.vn
mailto:chunglq@hcmute.edu.vn


 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

on the world’s top 16 countries affected by 
climate change. The most clearly 
expression of climate change are natural 
disasters such as storms, floods, 
landslides…increasing. According to the 
research agencies about environment, 
effects of the storms to the social economy 
development is the largest. Damages caused 
by storms in Viet Nam occupied 80 - 90 
percent damages of all natural disasters. 
Almost 70 percent of storms formed in the 
Pacific Ocean and East Sea have landed in 
Vietnam. In the years, the storms 
continuously landed in Viet Nam, with 
great intensity, caused unpredictable 
damage about material foundations and 
human, as years 2010, 2011, 2013. 

Extremist weather events with 
unpredictable changes taking place in 
Vietnam increasing, such as Haiyan storm 
(Hai Yen) have full of twists and turns way, 
unpredictable and terrible intensity. Tidal 
phenomenon continuous broke the record of 
the meteorological and hydrological 
agencies’s forcasts in Ho Chi Minh city. 

According to calculations of scientists, in 
the last 50 years, the annual average 
temperature in Viet Nam has increased by 
about 0.7° C, the sea level has risen about 
20 centimeters. El-Nino and La-Nina are 
strongly effects to Vietnam more and more. 
Climate change has been made disasters, 
particularly storms, floods, droughts 
increasingly fierce. Scientists have 
predicted temperatures in the North will 
increase from 0.8° C to 3.4° C by 2050, and 
continues to increase until the end of the 
21st century. Number of hot days will 
increase (over 35°C) and can last up five 
days, affect agricultural production. The 
rainfall on seven climates will change, 
ranged from under 16% to over 36% by 
mid-century, and change faster at the end of 
the 21st century. Along with that, the 
summer rainfall can reduce in most 
territories, in the Central, rain tends to 
increase in all seasons. Activities of the 
storms on East Sea tend to reduce but the 
intensity may be stronger, could cause flash 

floods and landslides, especially in the 
Northern mountainous provinces, Central 
and Western Highlands. 

Thus, natural disasters caused by climate 
change extended to regions, has many 
expression and effect on many aspects of 
life, social economy of the nation. In 
particular, the consequences of natural 
disasters are very serious. In regions, soil 
becoming a desert after floods, many 
villages are falling back into poverty, 
infrastructures were damaged, it takes many 
years to overcome. The repetition annually 
of storms, floods has made some localities 
underdeveloped, lag behind provinces and 
cities in the nation. 

In Vietnam, from time immemorial to 
nowadays, dealing with natural disasters 
has become a tradition, a specific 
characteristics of Viet Nam’s people. After 
the Democratic Republic of  Viet Nam was 
established, the natural disaster prevention 
has been considered, and by the Ministry of 
Irrigation, Ministry of Agriculture, Flood 
and Storm Prevention Committee carried 
out. Step into renovation period, the 
Government has established Flood and 
Storm Prevention, Search Rescue 
Committee. At localities, have flood and 
storm prevention, search rescue parts. The 
Government has instructed the Ministry of 
Defence, Ministry of Public Security, 
Ministry of Agriculture and Rural 
Development and localities carried this 
tasks. This is a major effort of the 
Government and levels of Government to 
respond with natural disasters and climate 
change. With line “4 on the spot” 
(Commanding on the spot, forces on the 
spot, supplies - and means on the spot, 
logistics on the spot), the works of dealing 
have contributed minimize damage, hold 
fast security, oder of regions when the 
natural disaster happened. 

3. SOME MEASURES TO 
RESPONSE WITH CLIMATE 
CHANGE IN VIET NAM TODAY 

Extremist weather phenomenons such as 
rain storms, flash floods, high tides ... caused 
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by climate change has been increasingly 
serious changes, and more difficult to predict 
in the world as well as in Vietnam. 
Therefore, along with the macroscopic 
policy decisions of the Government, need to 
have specific measures in localities, 
locations at risk from a major impact of 
climate change. From tracking process and 
reach out to prevention and control of 
natural disasters mission throughout the 
country, we recommend some major 
solutions following to positive and actively 
dealing with climate change in Vietnam. 

The first, push up construction, reinforce, 
repair, newly built transportation system 
infrastructure, ensuring the smooth 
throughout the country and in each region. 
Attach special importance to side - track 
systems, docks, ports, shelters to shelter 
boats from storms, floods. 

The second, restructuring the economy, 
adjusting the economic structure of the 
country and towards actively dealing with 
climate change, protect against remotely 
damages caused by natural disasters. 
Special focus on the agricultural sector, 
rural areas and farmers. 

The third, building system of sigs to 
warning about dangers caused by climate 
change in the regions and localities are at 
high risk. Setting up warning stations, 
rescue centers in the localities, which are at 
high risk to timely cope on the spot with 
consequences of climate change. 

The fourth, quickly build the legal system 
about cope with climate change and protect 
against natural disaster to bring to life. 
Bringing contents in cope with climate 
change and protect against natural disaster 

into the training program from secondary to 
management leaders at all levels. Attaching 
special importance to disseminate 
experiences, disaster prevention skills, cope 
suitably with climate change for all citizens, 
enterprises and whole society. 

4. CONCLUSION 
The Earth is more and more warming, 
industrial exhaust gas and the greenhouse 
effect does not tend to decrease, the black 
holes on the universe are getting 
increasingly darker, bigger, and making 
climate change become hazards are 
threatening human life. With Vietnam, the 
risks and disasters of natural already exists. 
In which, there are the risks have impact 
acceleration becoming stronger. 
Threatening the green and sustainable 
development of national economy. That is 
sea level rise leading to extensive disaster 
salt - marsh in the Cuu Long river delta and 
some coastal provinces; drought and 
dwindling water resources to serve the 
people's life and production activities; the 
appearance of more and more extremist 
weather events. To take the initiative, adapt 
and go to control climate change problem to 
serve the road to develop social economy, 
must have an national overall strategy with 
the participation of the political system and 
every citizen. Must building the sense, 
practical skills to cope with climate change 
for each individual, organizations and 
whole society. This is a new job, 
desperately in need of basic investment, 
uniform according to the provisions of law, 
we can control the impact of climate 
change, ensure the sustainable 
development, green, clean of national 
economy in the twenty-first century./. 
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ABSTRACT 
Ho Chi Minh acquired the common principles of Marxist Leninist to lead the Vietnamese Revolutionary 
Movement. He mastered the Marxist Leninist philosophical principles which were used to form the rationale for 
the very right revolutionary methods. He understood the role of theory to practice profoundly. During his time of 
leading our nation’s revolution, Ho Chi Minh always reminded all Party members of mastering the theory of 
Marxist Leninist in order to steer the revolutionary movement. He asked the revolutionists who want to work 
efficiently to get the hang of the consistency between theory and practice, consider it as the principle, the motto 
in their thoughts and action. 
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1. HO CHI MINH IDEAS ABOUT 
THEORY 

Ho Chi Minh had acquired the common 
principles of Marxist Leninist to lead the 
Vietnamese Revolutionary Movement. He 
mastered the Marxist Leninist philosophical 
principles which were used to form the 
rationale for the very right revolutionary 
methods. He understood the role of theory 
to practice profoundly. 

During his time of leading our nation’s 
revolution, Ho Chi Minh always reminded 
all Party members of mastering the theory 
of Marxist Leninist in order to steer the 
revolutionary movement. 

Ho Chi Minh stated the definition of theory; 
which is the summary and the 
generalization of the humankind’s 
experiences throughout the history, the 
system of humankind’s knowledge about 
nature and society so that the party 
members could understand the formation 
and the role of theory to practice. He said 
that:” theory is the summary of 
humankind’s experiences, the synthesis of 
natural and social knowledge accumulated 
throughout the history” [1]. 

In order to have theory, people have to rely 
on practical activities, the reality in history, 
and the experiences drawn from practice. 
From which they compare and contrast, 
analyze and synthesize and generalize into 
theory. He stated clearly that the theory of 
Marxist Leninist was the experiential 
summary of workers’ movement from now 
and then in all countries, “the science of the 
revolution of the oppressed and exploited 
masses, the science of the success of the 
socialist in all countries, the science of   the 
Communism building” [2]. 

Therefore, the Marxist Leninist is the 
illuminating torch, the theoretical base for 
revolutionary movements of proletariat. 
President Ho Chi Minh had confirmed that 
the   theory   of   Marxist   Leninist   is   the 
“lodestar”  “which shows us the direction in 
practice” [3]. 

He always reminded that all Party members 
have to master the theory in order to do 
well in their job, since “without theory, we 
will be perplexed, just like walking with 
closing eyes” [4]. 

As for the relationship between theory and 
experience, president Ho Chi Minh said 
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that, experiences are invaluable. In practical 
activities, the humankind has to draw the 
experience, know the experience and need 
to have experience to direct activities. Men 
without experience will not have the base, 
the condition to summarize and draw the 
theory. However, it is not enough if we just 
stop at experience level. Because 
experience reflects each face, each part; it 
does not go into the nature and find out the 
operating regulations of things and 
phenomena. Experience only has its role in 
small scale. Therefore,  the  Party members  
are  required not to stand at experience 
level, appreciate experience which lead to 
underestimating the theory. As a result, we 
need to combine the accumulation of 
experience and theory harmoniously. The 
role of experience and theory had been 
compared to the role of our eyes by 
president Ho Chi Minh, “experience 
without theory is like a man with a bright 
eye and a blind eye” [5]. 

2. HO CHI MINH IDEAS ABOUT 
PRACTICE 

Ho Chi Minh not only confirmed the role of 
theory   but   also   confirmed   the   role   of 
practical activities. He stated that theory 
was born on the basis of practical social 
activities. Practical activities of human 
beings are the origin  from  which  people  
draw  experience and summarize and 
generalize into theory. The practice is 
always on the move and changes. 
Therefore, theory is also supplemented, 
developed according the new condition and 
new situation. He stated that: “theory is 
always supplemented by conclusions drawn 
from vivid reality” [6]. 

Theory was born in order to direct the 
humankind  to  reform  circumstances, 
renovate the nature and the society when 
theory was applied in practical activities of 
the masses. Reality is the target of 
awareness and of theory. President Ho Chi 
Minh said:” theory is for applying in real 
work, theory that is not applied in reality is 
vain theory” [7]. 

As a result, the correctness of theory is not 
proved by theory; it has to base on social 
practical   activities.   During   his   time   of 
leading our nation’s revolution, Ho Chi 
Minh always asked the cadres, the party 
members to both study and master the 
theory to direct the revolutionary activities 
to the right way and understand well the 
situation, the condition of objective reality. 

The condition of objective reality of each 
nation, people, area and region has different 
characteristics. Therefore, mastering the 
theory has to base on the application  of 
theory into specific situation of each 
country, each region. Cadres, party 
members have to oppose to the bureaucratic 
thoughts, being far from the public, from 
the practice. 

But what is practice? According to 
president Ho Chi Minh, practice is the 
specific condition, situation; the conflicts 
arisen from things that  the  subject is  
aware of dealing with.  He  showed  that:  
“practice  is  very broad, it includes from 
working experience and personal thoughts, 
the policy and line of the party to national 
and international problems. The concept  of 
practice that  Ho Chi Minh used was 
broader than the concept of reality. Reality 
is used to refer to the physical activities  of  
human  beings.  But when using this 
concept, he intended to make it more 
understandable and more applicable. Even 
in daily language, the concept of reality is   
similar   to   the   concept   of   practice 
<Vietnamese Dictionary> 

As a result, these two concepts are not 
totally identical and cannot be replaced 
each other. Therefore,   Ho   Chi   Minh   
never   wrote ‘theoretical and reality 
agreement’ but he wrote ‘theoretical and 
practical agreement’. 

3. DIALECTICAL RELATIONSHIP 
BETWEEN THEORY AND 
PRACTICE 

As for the dialectical relationship between 
theory and practice, president Ho Chi Minh 
always stood on dialectical materialism 
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point of view. He always considered the 
agreement between theory and practice as 
the basic regulation of Maxist Leninist, the 
motto of Marxist’s activities. The party 
members have to oppose to the thoughts of 
idealizing the role of theory, looking down 
on the role of practice which leads to the 
separating from revolutionary practice, 
separating from the public, heavily relying 
on theory in thinking and actions. 

On the other hand, it is necessary to oppose 
to the thoughts of underestimating theory, 
idealizing the role of experience; which 
leads to being lazy in studying theory, too 
weak in theory, working gropingly, freely 
and unmethodically. Theory plays the part 
of a compass,  the  guideline  for  practical 
activities.  But if  theory is  just theory,  just 
sentences and words, and is not attached to 
social reality; it cannot renovate the world. 
Hence, when emphasizing the importance 
of the agreement between theory and 
practice, he said: “theory that does not 
related to practice is vain theory” [9]. One 
of the requirements of revolutionary 
officers is to oppose to vain theory, theory 
which is separated from practice, separated 
from the needs of the public, separated from 
objective   reality.   Cadres,   party   
members have to have theory, revolutionary 
movement has  to  have  revolutionary  
theory  to illuminate. All Party’s policies 
have to arise from the particular situation 
on one hand; theory has responsibility for 
explaining to the masses on the other hand 
so that they understand and carry out those 
policies. By that way, “theory is not 
separated from practice”. 

Ho Chi Minh not only saw the relationship 
between theory and practice, opposed to vain 
theory; but also realized that practice needs 
theory to guide. He emphasized: “practice 
without theory is blind practice” [10]. 

Practice that is not illuminated by theory is 
lack-of-guiding practice. Activities that are 
not illuminated by theory are groping, 
unmethodically activities, separated from 

objective laws. Practical activities are the 
base,  the  aim  of  awareness  and  theory. 
Theory  is  the  guideline  for  practical 
activities. That is the dialectical relationship 
between theory and practice. In practical 
activities, we have to oppose to the 
thoughts of heavily relying on theory, vain 
theory; at the   same   time,   we   also   
oppose   to   the thoughts of looking down 
on theory, scorn for theory, idealizing 
practice; which lead to experientialism. 

Idealizing the role of theory or idealizing 
the role of practice both lead to extreme and 
misleading thoughts. President Ho Chi 
Minh required the revolutionists who want 
to work efficiently to get the hang of the 
consistency between theory and practice, 
consider it as the principle, the motto in 
their thoughts and action. 

4. CONCLUSION 
In reality, the past twenty years of 
innovation in Vietnam has proved that   
being steadfast in  socialism,  developing  
economy,  culture and organizing and 
managing the society through a series of 
innovative practical methods which are both 
suitable with our nation’s characteristics and 
adaptable to the new   trend   are   the   
foundation   ensuring healthy and active 
development of our innovation. 

With the reality in innovation, especially 
the innovation in the awareness of 
socialism, the way to socialism in Viet Nam 
is more and more obvious and adequate. 
This has become a source to ensure each 
economic, cultural and social activity in the 
process of building and developing our 
nation. 

Awareness is always a simple to complex, 
imperfect to perfect procedure. Moreover, 
socialism is a new moving phenomena in 
human   society.   As   a   result,   following 
practice, studying and summarizing practice 
are the huge requirements set for our Party 
to carry out the innovation successfully in 
contemporary revolutionary period. 
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ABSATRACT  
The concept of "sustainable development" first officially appeared in 1980 with content emphasizing economic 
aspects and the natural environment, and today this concept has been extended to many fields, it is now people 
pay more attention to the development of synchronized harmony of all the fields, the elements, the constituent 
parts of social life, from economy to politic, culture, society, from infrastructure to superstructure. So in this 
article I try to mention issues to build a sustainable “law gorverned state” in Vietnam under Ho Chi Minh's 
perspective. President Ho Chi Minh is an adept politician. He is a paragon of the harmonious and reasonable 
combination of “rule by ethics” and “rule by law”, he has always focused on moral education but also constantly 
improve the role and power of the law. That is because according to him in every society, the awareness and the 
use of ethics and law awareness are different. However, one can not deny the impact between them. Therefore, 
management of society by law and the  improvement of ethics is inevitable. 

Keywords: Ho Chi Minh; ethics and law, rule by ethics, rule by law... 
  
1. IDEAS OF "SUSTAINABLE 

DEVELOPMENT"  
The concept "sustainable development" first 
appeared officially in 1980 in "World 
Conservation Strategy" published by the 
Association of international nature 
conservation with very simple content: 
"The development of humanity not only 
focus on economic development but also 
respect the essential needs of society and 
the impact on ecological environment”. 
However, through time the concepts on 
sustainable development have been 
expanded in terms of content and have 
formally become widespread in the world 
since the report "Our Future" of the 
International Committee on Environment 
and Development (WCED) of the United 
Nations (1987). 

Recently, in the process of approaching the 
concept “sustainable development”, there 
has emerged a different research direction. 
That is to understand and to build patterns 
and social mechanisms for sustainable 
development, which primarily aimed at 

three basic factors as market economy, the 
rules of law and civil society. Many 
scholars consider this as the three pillars of 
modern society. The development and their 
interaction has influenced on the lives of 
modern society in various degrees which 
contribute to ensure for society to develop 
stably, sustainably and harmoniously. The 
main tasks of leadership and management 
of the Governments as well as the role of 
international organizations are to ensure for 
the unified development, compatibility and 
harmony of those three major pillars. There 
are some other ideas that, in addition to 
those three pillars, we also need the fourth 
pillars which are of nature and ecology. It is 
both limitation and a condition for the 
movement and development, mutual 
interactions of the three pillars, forming "A 
two-wheeled horse-drawn vehicle" on the 
path to bring humanity to the development 
in a sustainable and harmony way. 

Thus, there was a long step forward in the 
concept of sustainable development. Instead 
of emphasizing the economic aspects only 
and the natural environment, now we pay 
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more attention to the synchronized harmony 
development of all fields, all elements, the 
components of social life, from economy to 
politics, culture, society, from infrastructure 
to superstructure. In this article, I try to 
mention the problem of how to build a 
legitimate state to manage the country of 
Vietnam to be sustainable. 

To ensure the sustainable development of 
the country and bring the country to the 
socialist path, we must establish a 
management mechanism which is strong 
enough to manage the country and people. 
But to regulate human behavior, make 
people to become the most important 
motivation for national development, there 
are many different tools, in which ethics 
and law are very important tools. In every 
moral and legal society, these tools are 
perceived and used differently. However, 
the complementary interaction between 
them is undeniable. Therefore, managing 
society by law incorporating with 
upgrading legal ethics is inevitable. 

2. OPINIONS ON "RULE BY 
ETHICS" AND "RULE BY LAW" 
OF EASTERN PHILOSOPHERS 

President Ho Chi Minh is an adept 
politician with lucid insights on valuable 
lessons in the cultural treasures of human 
beings has cleverly manipulated those 
lessons creatively, smoothly. He is a model 
of harmony and reasonable "rule by ethics" 
and "rule by law", always focuses on moral 
education, but also enhances the role and 
power of law. 

According to Ho Chi Minh, there should 
have laws to govern the country but the 
more important thing is to bring laws into 
life, creating mechanisms to ensure that the 
law is enforced in practice. In 24 years as a 
president, Uncle Ho contributed the biggest 
effort in forming constitutional and 
legislative power in our country. 

Uncle Ho respected the law but he did not 
consider it as a universal key to solve all 
problems of life. He is the epitome of 
harmony combination between the "rule by 

law" and "rule by ethics", always focused 
on building a strong legal background, and 
simultaneously interested in education, 
revolution ethic training for staff and 
people. 

The views of Ho Chi Minh on state 
building in general and legislative state in 
particular has been being applied and 
gradually turned into reality by our Party 
and our State. Bring our country to the 
more sustainable development and 
prosperity. 

Throughout his life, Ho Chi Minh always 
foster care ethics revolutionary cadres and 
party members. Opening files "Đường Kách 
Mệnh". The mention of "As the revolution"; 
which stresses the need, saving, investment, 
public death, not curious name, is not 
arrogant, rich sacrifice, less materialistic 
desires. From 1945, after the People's 
leaders took power, the Party became the 
ruling party, President Ho Chi Minh was 
placed on top of the moral education of 
officials and party members. He said: "Just 
as there are new sources of river water, 
river water is shallow, the tree must be 
original, no withered tree, the 
revolutionaries have no morals, no ethics 
despite their talent is also leaders are not 
people" (1) Moral Revolution by President 
Ho Chi Minh proposed: "Not for fame or 
individuals for the common good of the 
Party, for the Fatherland, because people 
then proceed to place their public-
mindedness, he was even the very from the 
fewer defects, which are calculated 
following more good. " For the good that is: 
Human, meaning, mind, courage, integrity. 
Uncle Ho has persistent struggle against the 
risk away from life, away from the masses, 
falls into a degenerate of the ruling party. 
He said: "The public just loved those as 
ethics. Wanting to guide the people, we 
must do our ink mimics the size." (2) 
According to Ho Chi Minh, wanted to 
manage the country, first of all the leaders, 
managers must "self-improvement". No 
religious body is not able to "bin" the 
galaxy. Before his death, Người wrote 
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wills: "Each Party members and cadres 
should really instill moral revolution, really 
thrift, honesty and righteousness, 
impartial". 

Along with moral education, Ho Chi Minh 
City is also interested in the development 
and promulgation of the law. Nguoi said 
that state law is state controlled by the law 
society. Rule of law in political life - 
society of a country's basic characteristics 
and the most important of the rule of law. 
That put themselves under state law, only 
active in the legal framework, compliance 
with laws they passed. 

From very early on, in “Requirements of 
 Annamites" (Vietnamese: Yeu sach cua 
nhan dan An Nam"), Ho Chi Minh has 
shown the ideological requirements of law: 
"Legal Reform in Indochina background by 
indigenous people are entitled to make 
legal protection as the Europeans ... 
Change the mode to the edicts of the law 
regimes " (3). In "Vietnam requires ca", he 
re-affirmed the role of the law in question: 

“... Everthing must have The Spirit of Law” 
(Trăm điều phải có thần linh pháp quyền) 

By 1926, the Great National Assembly 
submitted claims, he set out to "build up a 
platform for constitutional and political 
aspects of society, according to the ideals 
of civil rights", which is considered the 
basic content state of democracy and the 
rule of law. 

According to Ho Chi Minh, a state ruled the 
country, the society managed not by law 
but by the edicts and directives can not be 
called a democratic state. State was 
democratic state, to ensure democracy, 
there must be law, by legal role as midwife 
to democracy. All freedom equality, 
legitimate freedoms and rights of the people 
to be institutionalized by law and must be 
guaranteed by law. 

Even in the first session of the Government 
dated 03.09.1945, Ho Chi Minh had asked 
the government to quickly implement two 
important elections are held and 
promulgated the Constitution. He said: "We 

had lived in monarchical rule, so we did not 
have the constitution. Our people were not 
entitled to freedom and democracy. We 
must have a democratic constitution " (4). 
On 01/06/1946, democratic elections in the 
history of the first peoples of Vietnam 
National Assembly election. First National 
Assembly elected the country's first 
Government of independent Vietnam. Then 
there are state elected by the people, Ho Chi 
Minh immediately formed to promote 
legislation to govern the country's first 
constitution. That's the extraordinary efforts 
of our State in the field of construction law 
and enacted. 

Ho Chi Minh always keeps in mind: 
Society can not live a day without law. 
Therefore, the absence of the Constitution 
and the law, he signed a series of decrees of 
urgency about ensuring individual freedom, 
abolished poll taxes, property confiscation 
and colonization of Vietnam time, the court 
held and a variety of other necessary 

Edicts. 

Derived from the interests of the people, Ho 
Chi Minh requires to use of law as a 
weapon so severely punish offenders, who 
it is, now holds what positions. In 1946 the 
National Command by Signer, specify 
commands issued 10 Things to executed if 
"information with the enemy, treason; left 
military command; the game voluntarily 
withdrew; self vandalize traffic; destructive 
ordnance; for the damage to the people; 
unprovoked murder of foreign nationals; 
theft of; rape; looting; guilty of kidnapping, 
assassination." (5) 

According to Ho Chi Minh, there should be 
laws to govern the country but what is more 
important is to take the law into living, 
create a mechanism to ensure the law is 
enforced in practice; checking mechanism, 
which monitor the implementation of the 
State authorities and the people. According 
to him, the law is not yet published any 
work done, to educate a new long-term 
performance is better. People are not 
satisfied before the law would not be 
implemented strictly, unfair trial, 
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"sometimes too large bonus which shall not 
serious" and confuse the offense. Having 
enjoyed it, an error must be fine, "not 
because of the fault forget, because 
forgetting the error." 

At the second session of the National 
Assembly I (November 1946), the National 
Assembly has questioned the Government 
about the Chu Ba Phuong, who was the 
Minister of Economy in the coalition 
government resistance, Representatives of 
Vietnam's Nationalist Party, complemented 
engaged our Government delegation to 
attend the Fontainebleau Conference. 
During that trip, he brought to smuggle 
gold, the French authorities were caught; 
French press touted advantage, in order to 
lose the impact of the government 
delegation. President Ho Chi Minh, on 
behalf of the Government replied bluntly: 
"The current government has tried very 
integrity. But in government, from Ho Chi 
Minh to those who work in the village 
committee, crowded, complicated. Anyway, 
the government has very exemplary, and if 
do not mirror finished, it will use those laws 
that treat bribery. Has value, worth and 
value is for the best "! 

He said and done exemplary. In the French 
war, Colonel Tran Du Chau, who was also a 
revolutionary, but when the director of 
military need, took advantage of their 
positions and trim down coat rice already 
hardship, lack of our soldiers to live with his 
accomplices Traditional scrap and waste ... 
The case was prosecuted, launched a 
military court, he was sentenced to death. 
Tran Du Chau and family appeal to Uncle 
Ho, please be tolerant. Uncle case has 
caused a deep sadness. But with the kind of 
insects gouged people, treat a person who 
wants to save, though very painful, he signed 
an order of the Court of Appeals dismissed 
Tran Du Chau. The case has been executed. 

Thereby can see, President Ho Chi Minh is 
highly permit the country, coupled with 
political ethics law. The loving staff but if 
they make a loss in face of people and 
property, loss of reputation and prestige of 

the Party and State, is whether to whatever 
position is to bring to trial accordance with 
law.  

3. HO CHI MINH IDEALISM  
ABOUT “RULE BY ETHICS” AND 
“RULE BY LAW” TO ASSEMBLE 
THE SUSTAINABLE “LAW 
GOVERNED STATE” IN VIET 
NAM 

Twenty four years in his capacity as 
president, Ho Chi Minh is the largest 
people in the constitutional and legislative 
business in our country. The two-time chief 
editor is the 1946 Constitution and the 1959 
Constitution; 16 signed announce statutes, 
ordinance 613 series and other bylaws. 

However, the concept of rule of law in Ho 
Chi Minh completely unfamiliar with the 
rule of law under the feudal dynasties or the 
rule of law under capitalism. Thought of Ho 
Chi Minh treatments not opposing "rule of 
law" part of the law with "important 
people" of Confucianism. Emphasizing the 
role of law in building new socialist regime, 
but he did not uphold to the deification of 
state law as the rule of law in bourgeois 
places has led to making society dependent 
on legal law. 

Ho Chi Minh respected law but never 
considered it as master key to solve all 
problems of life. The model is a 
combination of harmony and proper "rule 
by ethics" and "rule by law", has always 
focused on building a strong legal 
background, also interested in the cause of 
education, ethics training People and 
revolutionary cadres. 

Throughout his life, Ho Chi Minh 
exemplary observance of discipline and 
water, and persistent moral education 
officials and party members, especially 
those who have positions of authority. 

4. CONCULUSION 
The 45-year away, but what about Nguoi 
leaving the State in general construction, in 
particular the rule of law has been applied 
Party and gradually turn into reality. 
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Central Conference Third Party Central 
Committee dated 01.23.1995 VII came 
back to Ho Chi Minh thought about 
building the rule of law. Party identified 
"socialist legislation needs to be 
strengthened, building the rule of law and 
social management Vietnam by law, and 
respect education, improve the socialist 
morality". Congress XIII, IX, X, XI Party 
continues to confirm this view. Party said 
that the State law is state of the people, by 
the people, for the people; State 
management of society by law; all agencies, 
organizations, public officials, citizens are 
obliged to abide by the constitution and the 
law. Congress needs to consolidate, 
enhance operational efficiency of the 
National Assembly, the focus is to 
strengthen legislative work, building long-

term program of legislative, perfecting the 
legal system. Besides, to promote 
democracy, maintain discipline, discipline, 
strengthening socialist legality; proceed 
resolutely building staff and employees in 
clean, capable and actively fight against all 
manifestations of corruption, authoritarian, 
bullying masses to make our country truly 
in clean, strong, effective in the 
management and administration of the 
country, is highly effective to gradually 
regain confidence in the people's true 
wishes of beloved Uncle Ho. 

The views of Ho Chi Minh on state-
building in general and France in particular 
has the right to be our Party and state and 
apply gradually turn into reality. Make our 
country more sustainable development and 
prosperity
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ABSTRACT  
Sports stadiums where competition events take place regularly attract tens thousands to hundreds of thousands of 
spectators. Response to activities such as lighting yards, showing score boards and screens, cutting grass, 
collecting and processing waste ... requires enormous energy and consumes lots of cost. This article synthesized 
the ideas, the practical application of "green technology" to stadium operations to save costs and reduce 
greenhouse gas emissions on a global scale. 

Keywords: solar energy, stadiums, lighting system, sound systems, screen and scoreboard …. 

 
1.  INTRODUCTION 
The production of electricity from energy 
sources such as oil, 
coal, electricity and exhaust heat from 
factories, vehicles, along with the burning 
and destruction of forests has 
caused environmental pollution, flooding 
and global climate change. 

Stadiums are a remarkable factor which 
devastates the common energy and impact 
environmental seriously with a large 
amount of waste. Therefore, cost-saving 
initiatives for energy issues, water, waste 
treatment, ect, applied to stadium activities 
deserve to be taken into consideration. 

2. ENERGY-SAVING SOLUTION 
FOR THE STADIUM SECTIONS 

Stadiums are the venue for organizing 
cultural sports events attracting and 
gathering a huge number of fans. Of course, 
to satisfy the demand for public 
entertainment, they also need huge energy 
supplies, which contributes to exhaust the 
local and national electricity network. 

Thus, stadiums are also the object 
which needs more urgent solutions than 
ever to be environmentally friendly, highly 
efficient and economical. Among which 

solar energy applied to some stadiums has 
been initially proven practically effective 
and promising. 

2.1 Solar energy is a new trend for the 
design of stadiums in the world 

With an average area of tens of hectares for 
each stadium, it is a real waste if we only 
struggle to meet energy needs instead of 
making the best use of the available 
space to create clean, green and 
convenience energy sources from the sun. 

Solar energy is the energy 
of the electromagnetic radiation from the 
sun, plus a fraction of the energy 
of other subatomic particles emitted 
from this star. Compared with other energy 
sources, we do not have to 
worry because solar energy is 
almost endless. It will take about 5 billion 
years for fuel necessary for nuclear 
reactions in the sun to run out.   

In 1839, French physicist -
 Alexandre Edmond Becquerel -
 discovered the photoelectric effect. It was, 
however, not until 1883 that a new solar 
cell was invented 
by Charles Fritts. Russell became the 
creator of the first solar battery later in 
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1946.. Next Sven Ason Berglund devised 
a method of increasing the light-
sensibility of the battery. 

On a sunny day, solar 
energy radiating down the earth's surface is 
approximately 1 kw/1m2. 
Solar irradiance on the Earth in one hour is 
enough meet energy needs for the whole 
world in one year. 

If solar panels are installed 1/100 on the 
globe area, the world will be able to feel 
secure about the power supply adequate to 
our demand. Therefore, we can see solar 
energy as a promising solution for the 
future. For years many countries such 
as Thailand, Malaysia, China, Korea and 
Taiwan have seen development of 
renewable energy as a national policy. 

The U.S., Hungary, Germany, Switzerland 
have long been speeding up the 
construction of solar cell manufacturing 
factories, which serve many areas 
especially the applications of installing 
solar panels on the stand roofs of stadiums 
which are highly efficient, environmentally 
friendly and more cost saving than 
expected. 

2.2 Meeting energy needs and reducing 
emissions causing the greenhouse 
effect 

Energy from the sun has been applied and 
operated successfully in many areas of 
contemporary life, as well as opening up 
opportunities to exploit new energy for 
humanity. 
Some examples of solar energy applications 
are: laptops, cell phones, cameras, ipods or 
even solar energy robots (information 
technology); vehicles, aircrafts, 
submarines powered by solar 
energy (transport and 
military), lighting houses, streets, parks, bus 
stations, cooking, heating water 
(residential activities); creating oxygen for 
the shrimp farming industry 
(aquaculture production), etc. 

On this foundation, stadiums have been 
applied solar energy successfully in many 
specific activities and brought a lot of 
practical efficiency and significant cost 
savings by installing the solar panels on the 
roof or areas of parking and services. 

3. SOLAR APPLICATIONS IN THE P
ROFESSIONAL ACTIVITIES AT 
STADIUMS 

3.1 Installing solar batteries on the 
domes of stadiums 

With the installation of hundreds to 
thousands of solar panels generating 
electricity power up to millions of 
megawatts / year, stadiums will be able to 
meet fully or partly on-site energy needs as 
well as supply power for the neighboring 
residential areas. 

An example such as Dragon Stadium 
(Taiwan) with a total of 8844 solar roofs 
enough power to supply to 3.300 bulbs and 
two huge screens. Power produces around 
1.14 million KWh annually [3]. The 
redundant energy power can be supplied for 
80% of households around the region. 
Reducing to 660 tons of carbon dioxide 
emitted into the atmosphere compared to 
using the traditional fuel. (Figure 1) 

 
Figure 1. Number of installed batteries at 

sevẻal stadiums in the world 

Another example as Stade de Suisse 
(Switzerland) with 7930 solar panels (later 
added 2808), the producing capacity of 
about 1.134 gigawatt hours of electricity / 
year, equivalent to the power used by 350 
households [1]. The solar cells which are 
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installed in the field also reduce 
approximately 630 tons of CO2 emissions 
each year. (Figure 2) 

 
Figure 2. Solar battery power in some 

stadiums 

In addition, a feasible idea is to turn parking 
lots in the stadium into clean energy 
sources. 

EEPro company, a subsidiary of EEPro 
GmbH, which operates in Northern 
California have devised solutions to make 
the best use of the large parking lot to 
recycle solar energy (add the solar panels 
on the roof of the parking lot), providing 
clean energy and helping create jobs for 
people. So it can 
provide power for all parking areas. The 
main benefit is the production of renewable 
energy to reduce the cost of public works. 

Then a solar parking also helps reduce the 
effect of "heat reversing" and will 
contribute to creating a cooler environment 
as well as help extend the life of the 
vehicles because they are protected from 
high temperature. 

This model has been remarkably effective, 
as a carport roof with the giant battery 
system consisting of more than independent 
power, 171W-5,000 panels, with 16,000 
meters of wire to transmit power is 
connected to the grid system in New Jersey 
(USA) which provides more than 1 million 
kWh / year. Using this clean energy source 
can restrain about 85 tons of CO2 produced 
into the environment instead of using 
polluting energy sources derived from coal, 

natural gas, oil... This application is also 
fully utilized at the new stadium Lusail 
Iconic, the center of the 2022 World Cup 
match which will be held in Qatar [2]. 

3.2 Solar energy lighting rigs 
It is best to hold sporting events in the 
evening when it is cool and most spectators 
have spare time after work. A standard 
lighting system is necessary to meet this 
requirement. However, this system 
consumes the most energy in stadiums. 

The illuminance of sunlight ranges from 32 
000 (32 klx) to 100,000 lux (100 klx) per 
day. The TV studios, sports events are 
illuminated with the illumination of 
1,000 lux (1 klx). 

Some stadiums also show aesthetic and 
characteristics such as Nationals Park-the 
pride of Washington-the first major sports 
stadium which received the LEED 
certification in the U.S. with a lightning 
system of high efficiency and energy saving; 
Allianz Arena (Munich, Germany) can 
change the entire color outside (red when 
Bayern Munich plays, blue when 1860 
Munich makes its appearance, and white 
when the German National team plays.). 

So, installing a lighting system requires 
spreading lights over a large area, high 
lighting intensity and high costs, too. 
Several lighting systems can be listed in a 
number of stadiums in Vietnam such 
as Thong Nhat (HCMC) is 1000 lux - worth 
more than $ 9 billion; Lach Tray (Hai 
Phong) is 44.000W/h - 8,7 billion, Cao 
Lanh (Dong Thap) is 1,200 lux, 
250,000 W/h - 15 billion, Chi 
Lang (Da Nang) is more than 14 billion ($ 
7000) ... The important thing here is that the 
lighting entails a huge energy consumption 
(hundreds to thousands of watts in an hour) 
when hundreds of high-power lights shining 
at the same time. 

Many countries around the world have 
applied LED technology (Light Emitting 
Diode) to lighting. The feature of LEDs are 
low power consumption and not hot. LED 
headlamps emit a stronger light, in more and 
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more luxurious. While traditional light 
bulbs, neon lamps, halogen lamps ... all have 
need from 110V to 220V to operate, while 
LED lights burn just from 3-24V to emit 
light. In addition, white LEDs can be used 
from solar cells, most recently from a fuel 
cell powered by water and alcohol mixture. 

On 4/22/2008, the Solar Ming clean energy 
company (are 
headquartered in Boise Idaho – U.S) has 
installed the first test solar 
energy lamp in California, followed by 
the second post in Boise Idaho (U.S) and 
recently (06/07/2008) 2 posts again at Da 
Nang stadium. 

A unique thing is the light post does not 
collect solar energy in the form of the 
compound plate as usual, which is more 
black blade (leaf), with tiny holes are "stuck" 
on the lamp itself. Eight sets of energy 
accumulated battery inside the cylinder, 
overhead as the LED lights, each light beam 
with 2400 lumens (100 lumens / W). 

LEDs have a lifespan of 100,000 
hours and are guaranteed for 20 years and 
bring greater efficiency in economic 
terms. Kenving Maloney, CEO of Quantum
Sphere said: "lamps were lit up from clean 
energy sources. They help protect the 
environment, reduce greenhouse 
gases to the earth. " 

Cay Young, CEO of Ming Solar said: "For 
25 years, the old lighting system have 
eliminated approximately four billion tons 
of emissions, consumes over 150 billion 
dollars." Therefore, it is necessary to 
develop this lighting technology. 

3.3 The huge screen and score board. 
At the stadium, an other energy sources is 
the directly display of evolution of the 
game. The use of LED displays and LED 
panel system running around the stadium 
became a trend and is almost mandatory 
standard at modern stadiums in the world. 

LED display system and scoreboard at the 
stadium play a crucial role such as: Connect 
with center operating system to update 

match results continuously ; Slideshow 
many different angles, the phase nice slow 
motion, helping audiences to enjoy fully 
match; Clarification sensitive situations in 
competition, reduce unnecessary conflict 
between fans on the pitch as well as athletes 
(athletes); there is also an opportunity to 
maximize revenue from advertising as well 
as several special events with global 
importance. 

Some modern stadiums are constantly 
racing to install the systems of giant screen 
for sports events. In 2005, Dolphins 
Stadium in Miami (USA) installed the 
636m2 high-definition LED screen (15m x 
42m) (largest at the time). In 2006, 
Racecourse Tokyo (Japan) installed the 
high-definition screen with Aurora Vision 
LED technology 660m2 (11m x 60m), 
worth $ 28 million. In 2009, Dallas 
Cowboys Stadium (USA) presented the 
world's largest LED technology HD screen 
with the Diamond Vision technology of 
Mitsubishi Electric ($ 40 million), the total 
area up to 1078m2 (22m x 49m), equivalent 
to a mini football pitch. 

In particular, the recreation center Xicui near 
the stadium Bird's Nest - Beijing, installed 
2200 square GreenPix Zero Energy screen 
which is a large wall with thousands of 
boxes to receive solar energy... 

Of course, the energy to provide for 
systems like this screen is also 
not less. Solar energy, clean energy 
solutions in this case is not only perfectly 
reasonable for saving energy costs but 
also reduces emissions causing the 
greenhouse effect, adverse 
environmental impacts. (Figure 3) 
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Figure 3. Size of some huge screens installed 

in the world 

3.4 Sound systems 
One of the important requirements while 
organizing cultural and sports events at the 
stadium is the sound system. With a large 
space, the number of audience 
approximately hundreds of thousands, not 
to mention each item takes place in the 
ceremony or in the games such as music 
and national anthems, speeches, 
announcements, comments, advertising ... 
everything all requires sound quality to be 
perfect. For example, each pair of speakers 
or microphones only (such as famous sound 
brand-Meyer) is worth up to tens of 
thousands of dollars. 

For example, in Niedersachsenstadion 
(Germany) - one of the World Cup 2006 
stadiums, the average capacity of about 
only 44,600 seats, which were equipped the 
sound system with 66 speakers PA total 
power up to 26,400 watts. 

Or as the loudspeakers system at stadium 
Dragon in the port city of Kaohsiung, 
Taiwan, which is capable of emitting 105 
db, huge sound for 55,000 spectators. The 
whole audio system consists of 60 Apogee 
Sound AE-7SX which withstand bad 
weather and ensure the transmission of 
information to the grandstand area;12 of 
ALA-5WSX Apogee Sound for the 
tournament area, 2 Apogee Sound speakers 
and 2 of 205 AFI AFI-Point for the  

monitoring and control Room. The only 
other point of the stadium is the sound 
system using 100% solar energy from the 
dome stage. 

Quality and sound power is always 
proportional to the power consumption. 
Therefore, this audio system also consumes 
significant energy in the total capacity in 
the stadium. Since then, the use of solar 
energy to replace traditional energy is 
indispensable. 

3.5 Solar energy mower  
With a campus of thousands of metre 
square (such as football, baseball, rugby ...), 
it's hard to cut the grass manually (carrying 
machine to around the yard), so the grass 
cutting machine solution is necessary. 

Some traditional mowers are no longer 
appropriate because of the use of petroleum 
fuel, noise and emit more harmful 
emissions. A study done in Sweden in 2001 
concluded that air pollution from gasoline 
lawn mowers in 01 hours is equivalent to 
emission of a car’s running 100 miles. 

It is estimated that every weekend, 54 
million Americans mow lawn their yard and 
use about 800 million gallons of gas per 
year (1 gallon = 3.785 liters). Another study 
of the US EPA (United Stade 
Environmental Protection Agency) showed 
that use two-stroke engine mowers 
contribute about 5% of the overall air 
pollution in the whole country. 

Several types of lawn mower use of 
electricity is a significant step forward in 
price and performance but having many 
limitations such as dependence on the 
power supply, wiring entanglement, limited 
range of machines, vulnerable to break-
down ... 

To deal with this situation, a design center 
called Husqvarna in Sweden have devised 
sophisticated type mowers fully automated 
named Solar Hybrid Automower, in 
addition to regular use of electricity, can 
run on solar energy . Especially with so 
many outstanding features such as: 
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password table to order electronic running; 
Cut grass for hours on the large space; Self 
beef up the power station and recharging 
when necessary; Running smooth, almost 
no noise; regular work in the rain; no 
emissions polluting the environment; If 
something goes wrong or damaged, the 
machine automatically sends a message to 
the phone to alert. Except for the price 
(about 1000-2000 USD / unit), solar power 
lawn mower completely ideal for use in the 
stadium. 

3.6 Free compressed trash 
Placing bins throughout the stadium is 
necessary, but these boxes are often limited 
capacity. Containing all kinds of garbage 
spontaneously should make bins full 
quickly as well as rubbish drop out from 
these also make unsanitary and offensive. 

To overcome this situation, self-extracting 
trash using 100% solar - BigBelly Solar 
Compactor is a perfect solution. With many 
outstanding features such as: Just taking up 
space as a conventional bin (800 liters), but 
because of its ability to shred and compress 

rubbish, its capacity up to 5 times so 
reducing collection trips and can cut fuel 
use down to 80%.  

From that save labor costs, fuel costs and 
maintenance as well as environmental 
benefits. This kind of trash is safe, easy to 
use in all weather conditions and is 
designed to prevent insects, animals, well 
suited to public places, 
especially the stadium. 

4. CONCLUSION  
Many valuable initiatives have been applied 
to the stadium in the world such as solar 
energy, rain water withdrawal for irrigation, 
processing and recycling ... The application 
has brought practical benefits, namely: to 
raise awareness of people, save energy, 
costs, reduce emissions causing the 
greenhouse effect and environment 
pollution. The challenge is the initial 
investment cost is high, along with legal 
and administrative barriers, market, lack of 
technical expertise, etc, which if overcome, 
will make a new move to the globally green 
stadium model. 
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ABSTRACT 
Clean Development Mechanism (CDM) is a mechanism of cooperation stipulated in Clause 12 of Kyoto 
Protocol within the UN Framework Convention on climate change. Clean Development Mechanism allows 
public and private organizations and enterprises of industrialized and developed nations and international 
organizations to invest into projects designed to reduce greenhouse emissions in developing countries.  

While implementing CDM projects, developing countries will receive new investments from abroad and gain 
access to high and environment-friendly technology, contributing to sustainable socio-economic development, 
environmental and climatic protection. In this article, we shall analyze the key issues as: What is CDM; 
conditions to participate in CDM projects, and procedure of implementing on CDM project in Vietnam. 

Keywords: greentech 2014, Clean Development Mechanism, Kyoto Protocol, investment project, Vietnamese 
law, emission reduction, developing country… 

 

1. OVERVIEW ON CLEAN 
DEVELOPMENT MECHANISM 
AND PROJECT MECHANISM 

Clean Development Mechanism (CDM) 
is a mechanism of cooperation stipulated in 
Clause 12 of Kyoto Protocol within the UN 
Framework Convention on climate change. 
Clean Development Mechanism allows 
public and private organizations and 
enterprises of industrialized and developed 
nations and international organizations to 
invest into projects designed to reduce 
greenhouse emissions in developing 
countries, which are termed CDM projects 
so that these projects are able to receive 
credits in the form of certified emission 
reductions - CER. The credits are used to 
measure the quota of greenhouse emission 
reductions in industrialized and developed 
nations so that they abide by commitments 
on quantitative emission reduction 
indicated in the Kyoto Protocol. 

The Clause 12 provides “The purpose of the 
clean development mechanism shall be to 
assist Parties not included in Annex I in 
achieving sustainable development and in 
contributing to the ultimate objective of the 
Convention, and to assist Parties included 

in Annex I in achieving compliance with 
their quantified emission limitation and 
reduction commitments”  

While implementing CDM projects, both 
developed and developing countries will 
achieve the real benefits. For developed 
countries (the Annex I Parties- economic 
transitions transform countries: implement 
commitment on reducing GHG emissions) 
they can invest in low-cost abatement 
opportunities in developing countries and 
receive credit for the resulting emissions 
reductions, thus reducing the cutbacks 
needed within their borders. For developing 
countries, they will receive new 
investments from abroad and gain access to 
high and environment-friendly technology, 
contributing to sustainable socio-economic 
development, environmental and climatic 
protection [1]. 

Clean Development Mechanism projects 
are projects, primarily of foreign 
investment. Thus, CDM projects in 
Vietnam are subject to the adjustments of 
legal documents of Vietnam, including Law 
on Foreign Investment adopted by 
Vietnam's National Assembly on 29 
November 2005 and Decree 108/2006/ND-
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CP dated 22 September 2006 by the 
Government that provides specific 
stipulations and guidelines on how to 
implement a number of clauses of the Law 
on Foreign Investment. 

CDM projects implemented in Vietnam 
must meet the following requirements: 

a) Reduce greenhouse emission 

b) In conformity with socio-economic plans 
and programmers put forward by central 
and local authorities 

c) Contribute to Vietnam's sustainable 
socio-economic development  

d) Guarantee the feasibility with advanced 
technology and appropriate financial 
sources 

đ) Reduction of greenhouse gas must be 
real, complimentary and directly or 
indirectly  measured and examined. 
The examination and supervision must be 
concretely  planned. 

e) ODA is not to be utilized in order to gain 
certified emission reductions that are 
transferred to foreign CDM investors. 

g) A report on impacts on the environment 
must be made. 

h) Attract support from relevant parties 
(individuals, organizations and communities 
that  are directly or indirectly subject to 
the impact of the project). 

2. VIETNAMES LAW ON CLEAN 
DEVELOPMENT MECHANISM 

2.1 Legal framework for CDM activities 
in Viet Nam 

Vietnam is one of countries which have 
interested in climate change activities. 
Vietnam signed the UNFCCC in June 1992 
and ratified it on 16 November 1994. In 
November 1998, the Government of 
Vietnam signed the Kyoto Protocol.  

Since then, Vietnam has issued a number of 
documents to support CDM activities such as:  

- Decision No  130/2007/QĐ-TTg  dated 
on August 2nd2007 on several financial 

mechanism and policies applied to 
investment project  on clean development 
mechanism of the prime minister 

- Circular No 10/2006/TT-BTNMT dated 
on December 12, 2006 on Guiding the 
formulation of clean development 
mechanism project within the framework of 
Kyoto protocol of Ministry of Natural 
resource and environment (invalid from 
10/9/2010) 
- Joint circular No 58/2008/TTLT-BTC-
BTN&MT dated on  04/07/2008 on guiding 
implement of some article under decision 
no 130/2007/ QĐ-TTg of the prime 
minister dated on August 2nd2007 on 
several financial mechanism and policies 
applied to investment project  on clean 
development mechanism  

- Circular No.12/2010/TT-BTNMT dated 
on July 26, 2010 on  prescribing the  
formulation and grant of letter of 
endorsement and letter of approval  for  
clean development mechanism project 
within the framework of Kyoto protocol of 
Ministry of natural resource and 
Environment(invalid from 4/7/2014) 
- Circular No.15/2014/TT-BTNMT dated 
on May 24, 2014 on  prescribing the  
formulation and grant of letter of 
endorsement and letter of approval  for  
clean development mechanism project 
within the framework of Kyoto protocol of 
Ministry of natural resource and 
Environment (Exiting valid) 

- Joint circular No 204/2010/TTLT-BTC-
BTN&MT dated on  15/12/07/2010 on 
amending and supplement some provisions 
of Joint circular No 58/2008/TTLT-BTC-
BTN&MT dated on  04/07/2008 on guiding 
implement of some article under decision 
no 130/2007/ QĐ-TTg of the prime 
minister dated on August 2nd2007 on 
several financial mechanism and policies 
applied to investment project  on clean 
development mechanism  

Beside, The Ministry of Natural resource 
and Environment has issued Official 
Document No. 1022/BTNMT-HTQT dated 
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8/5/2003 to inform: 1. establishment of 
CDM National Executive and Consultative 
Board and, 2. prior investment fields and 
issues for CDM projects in Viet Nam in the 
next period [2] 

Thus, we meets all 3 conditions to 
participate most fully in the international 
CDM projects They are:  

- Ratification of the KP 

- Voluntary participation in the CDM 

- Establishment of a CDM National 
Authority (CNA) 

2.2 The incentive for investors to 
implement CDM projects under the 
laws of Vietnam 

Currently, Vietnam is one of the countries 
which have the potential to participate in 
international CDM projects. With the 
availability of natural conditions we have 
many opportunities to perform the field that 
CDM projects focus as Harvest and apply 
renewable energy sources; Fuel switching 
with the aim at reducing greenhouse 
emission reduction; Gases recovery and 
utilization from oil drilling; Methane (CH4) 
recovery from waste disposal sites and coal 
mining for electricity generation, living; a 
forestation or reforestation to increase 
capacity of greenhouse gas absorption and 
emission reduction; CH4 emission reduction 
from husbandry and cultivation activities 
[3] 

According to Decision No 130/2007/QĐ-
TTg dated on August 2nd2007 on several 
financial mechanism and policies applied to 
investment project on clean development 
mechanism of the prime minister, When the 
enterprises implement CDM project, they 
can receive from State incentive such as: 

a. To enjoy preferential treatment: 
regarding tax, land use fee, land lease fee, 
deprecation of fix assets; investment credit 
of State stipulated in this Decision. 

(Business income tax, tax exemption, 
business income tax reduction applied to 
CDM project is carried out similar to other 

projects in the fields under specially 
preferential treatment for investment as 
stipulated in Item III, Part A, Annex 1 List 
of fields under preferential treatment for 
investment enclosed with Decree 
108/2006/NĐ-CP dated 22 Sep. 2006 
stipulating and guiding implementation of 
several Articles of Investment Law; 
Business income tax law and official 
documents guiding implementation of 
Business Income Tax Law; CDM project 
shall be exempted from import duties if 
goods is imported to create fixed assets of 
the project; if goods is in form of raw 
materials, materials, semi-finished products 
that have not been able to be produced yet 
by the nation, imported to serve project 
production activity as stipulated in Item 6 
and Item 16, Article 16, Decree 
149/2005/NĐ-CP dated 8 Dec. 2005 of the 
Government stipulating in details 
performance of Import duties law, Export 
duties law and current regulations on 
Export and Import duties; beside, CDM 
project is also exempted from land use fee, 
land lease fee in line with current 
regulations and law applied to projects in 
the fields that under specially preferential 
treatment for investment) 

b. Entitled to be under consideration of 
enjoying subsidy policy to products of the 
CDM project that in prioritized field. 

(.Products of CDM project shall enjoy 
subsidy policy of the VEPF if they meet the 
following requirements: 
- They are in the list of products of CDM 
project in prioritized fields. 

- Actual costs to produce such products are 
higher than actual selling price in the signed 
contract) 

c. To be prioritized in consuming products 
of a CDM project in comparison with the 
same products not from a CDM project. 

2.3 Procedure for CDM project 
According to Circular No. 15/2014/TT-
BTNMT on  prescribing the formulation 
and grant of letter of endorsement and letter 
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of approval for projects under the clean 
development mechanism within the 
framework of Kyoto Protocol, procedure 
for CDM project in Viet Nam as follows:  

a.   Preparation for CDM project  

CDM project developers shall formulate 
CDM project documents on the basis of 
investor's requirements by either of the 
following methods: 

- Formulate PIN (CDM project idea note) 
submit it to a competent authority for grant 
of letter of endorsement, and then continue 
to formulate PDD(CDM project design 
document)  or PoA-DD(CDM program of 
activities design document)  together with 
general CPA-DD (CDM program activity 
design document ) and practical CPA-DD 

- Formulate PDD or PoA-DD together with 
general CPA-DD and practical CPA-DD, 
then submit them to a competent authority 
for grant of letter of approval. 

b. Grant of  PIN letter of endorsement 

The CDM project developers submit 
records of 01 Vietnamese PIN to the 
Department of  Hydrometeorology and 
Climate Change of the Ministry of Natural 
Resources and Environment. Within 8 
working days from the date of receipt of a 
valid application, the agency will review 
the organization and the level of Ministers 
PIN confirmation letter. Total for this 
period of time not exceeding 12 days. 

c. Grant of validity of PDD or PoA-DD 
letter of approval 
After receiving letter of PIN approval, 
developers summit Dossiers (Dossiers 
included: Documents of CDM project 
developers submitted for consideration and 
grant of PDD or PoA-DD letter of approval; 
Certified copies or certification of 
competent authorities deciding to approve 
environmental impact assessment reports or 
written certification of the environmental 
protection commitment, depending on the 
size and type of project under current 
relevant regulations; Certified copies of 
appraisal documents of stakeholders who 

are directly affected by project activities; 
Written on-principle consent of the 
Electricity of Vietnam (EVN) on 
connection to the national power grid, for 
electricity generation projects hooked up to 
the national power grid;  Related licenses 
(if any) granted by competent state 
authorities for projects in specific fields 
under current regulations; Technical report 
or draft report on PDD or PoA-DD 
appraisal of a professional organization 
designated by the International Executive 
Board on CDM) to the Department of  
Hydrometeorology and Climate Change of 
the Ministry of Natural Resources and 
Environment. Within 5 working days after 
receiving a valid PDD or PoA-DD dossier, 
the Hydrometeorology and Climate Change 
Department shall collect comments and 
assessments of the Steering Board's 
members. After receiving the result of 
comments and assessments of the Steering 
Board on grant of PDD or PoA-DD letter of 
approval, the Hydrometeorology and 
Climate Change Department shall suggest 
the Minister of Natural Resources and 
Environment grant PDD or PoA-DD letter 
of approval.  

The total time limit for considering and 
granting PDD or PoA-DD letter of approval 
is 38 working days. 

PDD or PoA-DD letter of approval shall be 
sent to CDM project developers and 
designated international professional 
agency and notified to Vietnam's concerned 
agencies. 

3. CONCLUSION  
CDM on Kyoto Protocol framework has 
established a total legal framework to 
control and reduce greenhouse gas 
emission. This mechanism brings 
developing countries like as Viet Nam the 
chance for sustainable development. 
However, Viet Nam has some barriers such 
as the legal document is not full and close; 
the experts on CDM are missing; the 
business climate is limit. Thus, CDM 
project have not attracted more enterprises 
to implement. If we overcome certain 
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limitations, with a full potential CDM  
countries like Viet Nam,  the clean 
development mechanism will development 
and bring more profits for Vietnam, achieve 

the objective of reducing emissions and 
contribute to improving the environment, 
reduce greenhouse gas emission.  
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ABSTRACT 
Utilitarianism launch with the philosophies of Jeremy Bentham (1748-1832) and John Stuart Mill (1806-1873). 
In the history of philosophy, Utilitarianism has created the most powerful and persuasive approaches to 
normative morals. Utilitarian started with the idea: "greatest amount of good for the greatest number". In 
generally, Utilitarianism is held to be the view that the morally right action is the action that produces the most 
benefit. On the utilitarian view, one have to maximize the overall good — that is, judge the good of others as 
well as one's own good. By its ideas, utilitarianism has been well-known, filling the intellectual life of the last 
two centuries in many countries. Its effect in law, politics, and economics is especially famous. Today, the 
relationships between individuals, organizations, nations become more complex with the globalization. These 
relationships need to be demanding standards of conduct, uniform, to ensure the interests of stakeholders. 
Solving harmonious relationships are necessary conditions to drive long-term growth and sustainability of 
society. Therefore, the study of Utilitarianism is an inportant work not only for philosophy but also for reality. 

Keyword: greentech 2014, sustainable development, Utilitarianism,... 
 

1.  THE BASIC IDEAS OF BRITISH 
UTILITARIANISM 

One of the most influential and convincing 
approaches to normative ethics in the 
history of philosophy is Utilitarianism. 
Utilitarianism is generally held to be the 
view that the morally right action is the 
action that produces the most good.  “In the 
history of English philosophy, some 
historians have recognized Bishop Richard 
Cumberland, a 17th-century moral 
philosopher, as the first to have a 
Utilitarian philosophy. A generation later, 
however, Francis Hutcheson, a British 
“moral sense” theorist, more clearly held a 
Utilitarian view. He not only analyzed that 
action as best that “procures the greatest 
happiness for the greatest numbers” but 
proposed a form of “moral arithmetic” for 
calculating the best consequences. The 
Skeptic David Hume, Scotland's foremost 
philosopher and historian, attempted to 
analyze the origin of the virtues in terms of 
their contribution to utility”[1]. Although 
Utilitarianism was not fully spoken until the 
19th century, but its positions can be 
recognized during the history of ethical 
theory.  

In England, Utilitarianism officially began 
with the philosophies of Jeremy Bentham 
(1748-1832) and John Stuart Mill (1806-
1873). Utilitarianism gets its name from 
Bentham's test question, "What is the use of 
it?" [2]. He created the idea when he ran 
across the words "the greatest happiness of 
the greatest number" in Joseph Priestly's 
Treatise of Government [3]. It is useful to 
see Bentham's moral philosophy in the 
situation of his political philosophy, his try 
to obtain a rational method to rule and 
lawmaking action. He disagreed against 
"natural law" idea and opinion that the 
classical theories of Platoand Aristotle [4] 
as well as thinking such as Kant's 
Categorical Imperative were too out-of-
date. He approved what he captured to be a 
easy and scientific method to the troubles of 
law and morality and established his 
approach in the "Principle of Utility". 
“Bentham and his school derived their 
philosophy, in all its main outlines, from 
Locke, Hartley, and Hclvetius; their 
importance is not so much philosophical as 
political, as he leaders of British 
radicalism, and as the men who 
unintentionally prepared the way for the 
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doctrines of socialism” [4] Jeremy 
Bentham was affect both by Hobbes' 
explanation of human nature and Hume's 
explanation of social utility [5]. In the 
beginning of An Introduction to the 
Principles of Morals and Legislation, 
Bentham wrote: "Nature has placed 
mankind under the governance of two 
sovereign masters, pain and pleasure. It is 
for them alone to point out what we ought 
to do, as well as to determine what we shall 
do. On the one hand the standard of right 
and wrong, on the other the chain of causes 
and effects, are fastened to their throne. 
They govern us in all we do, in all we say, 
in all we think: every effort we can make to 
throw off our subjection, will serve but to 
demonstrate and confirm it" [6]. He also 
announced the principle of utility as the 
standard of right action on the part of 
governments and individuals. Actions are 
accepted when they are such as to approved 
happiness, or pleasure, and disapproved of 
when they have a trend to cause 
unhappiness, or pain. According to 
Bentham, the most moral acts are those 
which make the most of pleasure and 
reduce pain. Unite this standard of rightness 
with a view that we should be actively 
trying to advance total pleasure, and one 
has a critical incompatibility with mental 
egoism. This has sometimes been called the 
"utilitarian calculus".  With the originator 
of the utilitarian school, Jeremy Bentham, 
that "each is to count for one and no one for 
more than one", in the meaning that a unit 
gain in quality of life for one person counts 
no more nor less than a unit gain for 
another. Our ethical goal should always be 
to create the greatest total of such gains, no 
matter by whom they are enjoyed. An act 
would be moral if it brings the greatest 
amount of pleasure and the least amount of 
pain. Bentham believed that pain and 
pleasure not only explain our actions but 
also help us define what is good and moral. 
He believed that this foundation could 
provide a basis for social, legal, and moral 
reform in society. Bentham wrote: "By the 
principle of utility is meant that principle 

which approves or disapproves of every 
action whatsoever, according to the 
tendency which it appears to have to 
augment or diminish the happiness of the 
party whose interest is in question: or, what 
is the same thing in other words, to promote 
or to oppose that happiness." [7]. 

John Stuart Mill was a talented scholar who 
was subjected to a strict method of academic 
control and guarded from childs his own 
age. When Mill was a teenager, he read 
Bentham. Mill said the feeling rushed upon 
him "that all previous moralists were 
superseded" [8]. He believed that the 
principle of utility "gave unity to my 
conception of things. I now had opinions: a 
creed, a doctrine, a philosophy; in one 
among the best senses of the word, a 
religion; the inculcation and diffusion of 
what could be made the principle outward 
purpose of a life." [9] John Stuart Mill 
modified this thoughts and developed it 
apart from Bentham's hedonistic base. Mill 
utilized the similar utilitarian calculus but 
instead concentrated on maximizing the 
general happiness by calculating the greatest 
good for the greatest number. While 
Bentham used the calculus in a “quantitative 
sense”, Mill used this calculus in a 
“qualitative sense”. For Mill, it is not the 
quantity of pleasure, but the quality of 
happiness. Bentham's calculus is imbalanced 
- qualities cannot be quantified. Mill tried to 
evaluate and refine the understanding of the 
Greatest-Happiness Principle presented by 
Jeremy Bentham in instance.  

According to Mill, a good human life must 
be plentiful in pleasures, in both 
quantitative and qualitative respects. A 
method of survival without approach to the 
higher pleasures is not attractive. He 
believed that some pleasures were of higher 
quality than others, as his famous 
pronouncement, “It is better to be a human 
being dissatisfied than a pig satisfied; better 
Socrates dissatisfied than a fool satisfied” 
[10]. Mill altered Bentham's utilitarianism. 
While Bentham found an act utilitarianism, 
Mill created a rule utilitarianism. In 
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accordance with Mill, one calculates what 
is right by balancing the penalty of all 
important agents of option systems for a 
particular situation. This is completed by 
comparing all relevant alike conditions or 
settings at any time. Mill focuses on 
consequences of actions and not on rights 
nor ethical sentiments. Mill rejects 
Bentham’s opinion that humans are 
inexorably guided by narrow self-interest. 
He thought that a “desire of perfection” and 
understanding for human beings fit in 
human nature. One of the central doctrines 
of Mill’s political attitude is that, not only 
the system of society, but also people are 
able to develop themselves. 

2. THE INFLUENCE OF  BRITISH 
UTILITARIANISM ON SOCIAL 

British Utilitarianism has been involved by 
so many simply because it seems to create 
a good deal of good judgment and seems 
relatively easy to apply. But, when it was 
first suggested, utilitarianism was a radical 
philosophy. It endeavored to propose a 
moral system apart from divine revelation 
and biblical morals. Utilitarianism 
concentrated on results rather than rules. In 
the end, the focus on the results blew up 
the rules. Finishing this goal commanded a 
normative moral theory employed as a 
important tool. By developing the theory 
itself was also affected by strong visions 
about what was wrong in their society. The 
confidence that, for example, some laws 
are bad resulted in analysis of why they 
were bad. And what made them bad was 
their lack of utility, their trend to head to 
unhappiness and misery without happiness. 
“If a law or an action doesn't do any good, 
then it isn't any good”(11). British 
Utilitarians confirmed equality by the 
equal concern of interests, and they refuse 
any random differences as to who is 
worthy of concern and who is not, and any 
unfairness between individuals. By its 
ideas, British Utilitarianism has been well-
known, filling the intellectual life in many 
countries, and also related to the 
sustainable development problems. 

3. THE DEFINITION OF 
“SUSTAINABLE 
DEVELOPMENT” UNDER THE 
VIEW OF BRITISH 
UTILITARIANISM  

Many different groups, include media, 
governments, businesses, scientists 
frequently use the word sustainable 
development (sometimes called 
sustainability) in describing how to make a 
better world for all. The term “sustainable 
development” firstly appeared in 1980 in 
the World Conservation Strategy, 
published by The International Union for 
the Conservation of Nature (IUCN) (12). 
The most popular definition of sustainable 
development is the one used at Brundtland 
Commission (the United Nations, on 
20/03/1987). It defined sustainable 
development as “sustainable development 
is development that meets the needs of the 
present without compromising the ability 
of future generations to meet their own 
needs” [13]. 

In this term, the first requirement is for 
"development", including economic 
development or economic growth. It begins 
mostly from the needs or requests of 
present generations, for steps to increase 
that quality of life. The second requirement 
is for "sustainability", for ensuring that we 
do not damage the future for the benefits in 
the present.  

As the Brundtland Commission admits, 
these two requirements can disagreement. 
In fact, economic development is regularly 
a major cause of threats to the natural 
environment. But the official groups 
believe that the requirements can be 
balanced, that policies can be found which 
please both to a realistic degree. Opponents 
of the official groups are less confident on 
this point. Environmentalist opponents 
argue that to include any suggestion to 
"development" in a moral ideal is to 
negotiation hopelessly one's commitment to 
environmental protection; and sustainable 
development is not a balancing act, but a 
contradiction in terms. Pro-growth critics, 
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on the other hand, declare that the limits to 
economic movement proposed in the term 
of "sustainability" will have unacceptably 
high costs in unavoidable growth. Much of 
the conversations of the “sustainable 
development” has concentrated on this 
problem. But the conversations has tended 
to take for settled the commission's 
formulation of the model and of its element 
moral demands. These formulations, 
however, are unclear: there are different 
explanations of what is meant by a 
apprehension for the "needs of the present" 
or the "needs" of future generations.  

First, however, it should be noticed that, 
although they can conflict, the two moral 
requests behind the thought of sustainable 
development have a parallel basis. The ideas 
of sustainable development start from the 
statement that the needs of others place 
moral requirements on us. It supposes that 
we have a duty to produce good outcomes 
for people or to avoid bad outcomes, no 
matter what the reason of the bad outcome 
would be. And it also keeps that this duty is 
not eliminated by distance in space or time. 
The place where a person in need lives does 
not affect our duty to lighten their need. In 
the same way, that a person will live in 
another generation or another century does 
not remove our duty to care about their need. 
The first view says that we should consider 
profits in well-being with appreciate to times 
and, in particular, should not favor a smaller 
growth in present wellbeing to larger 
increases in the future. We should try instead 
to maximize the total of increases in 
wellbeing across times, or the total spare of 
pleasant over wickedness in all human lives, 
including future and present lives. This view 
applies the arrangement of utilitarianism and 
can be called utilitarianism about future 
generations.  

The second point involves a matter: 
population growth and population size. This 
matter is mainly pressing for the utilitarian 
view. Since this opinion is concerned with 
making the best results possible, it must 
make a decision whether producing a larger 

population is more improved than 
producing a smaller one and (if it is) how 
the worth of increased numbers weighs 
against the reduction of its possible 
outcome: a lower quality of life. The 
“sustainable development” also admits an 
neutral duty concerning people in 
developing countries, and the equal 
interpretive selections arise for it. In this 
way, a utilitarian view about developing 
countries thinks that we should aim at the 
maximum sum total of benefits for all 
individuals in all countries, as well as a unit 
advantage in one country no more or less 
than in another. 

These two oppositions of “sustainable 
development” come together when 
utilitarianism is used to future generations. 
If the quality of life gets better through time 
because of economic growth and technical 
innovation, therefore the worst generations 
in the past are the earliest generations. But 
they hold a very difficult duty to make 
sacrifices for upcoming generations. The 
earliest generations, although their 
relatively low quality of life, but they have 
a tough duty to sacrifice their quality of life 
for the people who will be far better off 
than they. Some utilitarianism philosophers 
have felt the influence of these objections. 
They considered the view which concerns 
not just about the amount of benefits across 
generations but also about their reasonable 
distribution. We do not sacrifice the worst 
generation for better generations, but aspire 
to a number of way at fairness of 
circumstance between them.  

4. CONCLUSION 
British Utilitarianism officially began with 
the philosophies of Jeremy Bentham 
(1748-1832) and John Stuart Mill (1806-
1873). British Utilitarianism has been 
involved by so many simply because it 
seems to create a good deal of good 
judgment and seems relatively easy to 
apply. By its ideas, British Utilitarianism 
has been well-known, filling the 
intellectual life in many countries, and also 
related to the sustainable development 
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problems. The term “sustainable 
development” includes economic 
development or economic growth. It 
begins mostly from the needs or requests 
of present generations, for steps to increase 
that quality of life. The second 
requirement is for "sustainability", for 
ensuring that we do not damage the future 

for the benefits in the present. These two 
oppositions of “sustainable development” 
come together when utilitarianism is used 
to future generations. If the quality of life 
gets better through time because of 
economic growth and technical innovation, 
therefore the worst generations in the past 
are the earliest generations. 
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ABSTRACT 
Play its central role as a pillar, the state has always been the strength of the  political system. It has also been the 
repesentative and the major tool for the working people to fulfil their will, power and expectations during the 
process of building socialism anh defending the nation. In the current renovation anh development of the 
country, it is extremely essential to reform the state apparatus into a socialist law-based government of the 
people from the people anh for the people. By so doing, the state will be able to develop sustainably within the 
socialist orientation. With regard to this, some inportant guidelines on building anh improving a newstate, i.e. a 
socialist state, were provided by V.I.Lenin in his ideological inhesitance, especially in his last work “Thà ít mà 
tốt” (It’s better a few but good qualities). 

Keywords: greentech2014, Vladimir IlyichLenin, government, 

 

1. THE ROLE OF THE STATE 
APPARATUS 

During the renovation and development of 
the Vietnam country at present, the reform 
of the state apparatus in the direction of 
socialist rule of law of the people, by the 
people and for the people is a task that is 
very important and necessary. Government 
plays the role of a pillar, power direct 
political system, an expression and a tool 
primarily working people in the exercise of 
the will, aspirations and their powers in the 
process of building socialism and defends 
the nation.  

In recent years, efforts to reform the state 
apparatus in the direction of building a law-
governed state socialism of the people, by 
the people and for the people has achieved 
significant results in the need organizations 
and operations of state a lot of progress on 
areas, including legislative, executive and 
judicial powers. The management of the 
state by law must be strengthened. 
Democracy socialism is expressed in many 
fields such as political stability, social, etc. 
is maintained.  

However, so far, the organization and 
operation of the apparatus of government 
we still have many weaknesses and 
shortcomings, especially the bureaucracy, 
privileged, corruption, wastefulness, 
irresponsibility, abuse of power, bullying 
people, civil rights violations, and also 
because government apparatus was a bulky 
system, efficiency of management and 
administration is still low ... All this due to 
being a major obstacle to the process 
democratization and social life. 

Because all this constitutes is an obstacle to 
the process of democratizing social change 
without continuing to reform the 
organization and the functioning of 
government, the deep extend democracy of 
socialist implement of the socialism 
building is not easy to success but more 
difficult. Contrast can lead to collateral 
damage streams of national destiny. In this 
important area, we can find in V.I.Lenin's 
ideological heritage improvements in the 
construction of new-style government - 
state socialism found in the political move, 
especially in " It’s better a few but good 
qualities"- the political testament of Lenin's 
final instructions.  
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2. V.I.LENIN’S IDEAS ON 
REFORMING THE SOVIET – 
STYLE STATE APPARATUS IN 
“THA IT MA TOT”: A CASE 
STUDY IN VIETNAM 

As the founder and head of state, leader of 
Soviet, in late 1922, early 1923, Vladimir 
Ilyich Lenin (V.I.Lenin) bluntly outlines the 
weaknesses and disadvantages of the Soviet 
state apparatus carried traces of previous 
state as: bureaucracy, bribery, wasting and  
cost but also specify the reason is the 
weakness, defects due to the state system in 
urgent period. It was found that, in the first 
lesson of Lenin's thought was to renew the 
apparatus of the government to look into 
the truth, showing obvious limitations 
without hidden defects and identify areas 
for weaknesses exist. Thus, we can change 
and modify to achieve the best results. 
Therefore, the renewal process is set out 
practice after Congress of the 6 The 
National Representatives in 1986. 
Communist Party of Vietnam has 
implemented a guideline "Look into the 
truth, tell the truth," conducted country-
wide renewal. 
V.I.Lenin outlined the purpose of 
improving the Soviet state apparatus after 
making the request to look at the facts 
before scale improvements aimed at 
economic development, social, and defend 
the Soviet regime; The main requirement of 
this state to maintain that the nature of the 
working class, to make  sure the state 
apparatus really pure and highly qualified 
educationally, to make the apparatus of the 
Soviet state concise, effective, and highly 
effective, to build a state in which the 
working class continues to be the ruling 
class. That's what we practice when the 
state innovation until now are expected to 
achieve. A country whose economy 
development, the robustness of socialism, 
to protect the independence sovereignty and 
maintaining the essence of the working 
class; It is important above all to make the 
state apparatus would be absolutely pure 
and strong. Renovation work completely 

comprehensive and state apparatus is not a 
simple task; you must know the area to 
select the innovation. V.I.Lenin choice 
known through this area to impact on the 
whole state apparatus is The People's 
Representative Ministry, absorbing the 
knowledge and selecting the region where 
to conduct national renewal. Party and State 
have selected our area is the field of 
economics to process this action. 

 Based on the solid foundation of the 
alliance workers and farm workers by 
establishing a state of pure, high quality state 
apparatus being concise, efficient and 
effective, public officials should have the 
capacity and the need to change the 
composition of the state apparatus with an 
elite team of the party states who have 
knowledge and those who work produced. 
Therefore should reduce the number of 
people working in government, 
organizational improvement, remove the 
slow working practice, complex 
administrative without bureaucracy, bribery 
and corruption. We need to have a new 
salary system, allowances, and incentives for 
officials and related employees and accredit 
to concern these people work well without 
bribery or corruption. Basic conditions for 
those officials and Party members to study in 
the new main task of social management and 
economic management are learning about 
the organization, management. 
Requirements boards must have the 
leadership, management, professional 
qualifications, technical qualifications, 
applied science for rule of practical 
economic de ma achieve this goal in suitable 
terms and conditions. All this V.I.Lenin 
mentioned in his will and that right now we 
are still fully apply to the construction and 
development of a strong country. 

 During the renovation process of the state 
apparatus by the important thing is to 
understand the views of Lenin analyzed 
above, to make operating apparatus of the 
state is not complicated, effective and 
increasingly effective. Organizational 
apparatus of the state to reform towards 
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simplicity, based perspective can be 
reduced by agencies and organizations in 
the state system unnecessary, unfocused 
tasks, caused waste. Those who are selected 
by state agencies to be really excellent, 
capable, and able to serve and devotion to 
the state, for the people as the state 
becomes very strong. Those who do not 
qualify should not be removed in the 
system so that it is completed on the quality 
and not a hindrance to the functioning of 
the system. We need to check and inspect to 
remove corrupt people, bribery, oppression 
of People and other bad guys.  

However, renewing the state apparatus as a 
whole must have key points sequentially to 
proceed step by step, to understand the 
persistence principle, and not be impatient, 
in a hurry to implement new desired results. 
We need to apply and arrangements 
organized by scientifically in management 
work stick with the completion of the 
system. Recruiting, training staffs through 
examinations and must avoid to be hasty, be 
patience, ignoring phase without checking.  

3. THE VALUE OF THE WORK 
“THA IT MA TOT” 

In fact the last years of the process of 
changes in the organization and operation of 
government has brought some success in the 
first step but there in the innovation process 
also the limitations, weaknesses as 
bureaucracy, corruption, system bulky, 
inefficient and effectiveness is low. The 

limitations and weaknesses were and are no 
small obstacle towards speed, process, build 
results and development of the country. We 
should have to apply V.I.Lenin's ideas on 
reforming and renovating a new model state 
that can improve more efficient of well 
organization and functional operation, and 
the state apparatus is in the direction of 
socialist rule of law, of the people, by the 
people, for the people to build a state strong. 

4. CONCLUSION 

 “It’s better a few but good qualities “ is a 
big idea to the process of perfection of law 
state socialism in our country in the current 
period. This is the important theoretical 
formulation of the Party and state apparatus 
even though it has more than a century but 
the meaning of the work is still significant 
value in the actual operation of the 
Communist Party on the building of a 
socialist state. State should be strong and 
able to fulfill their tasks revolution in the 
new situation, is very important to go to the 
affirmation of the socialist path that we 
have shown by the Party, having the most 
appropriate direction to achieve the goal: 
people rich and the country strong, 
democratic, civilized. "It's better to have a 
few but good qualities" Lenin's is to equip 
the people reasoning Communists state 
building and it is also the testament politics 
of international significance for Communist 
Party took power today. 
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ABSTRACT 
With the rapid economic development in recent years, we are facing up with many difficulties and challenges of 
the environmental impact of issues such as climate change, desertification, pollution and violations of 
environmental laws; infringe directly to interests of people. Reality of violating environmental laws in Vietnam 
today is alarming.These violationshave causedvery sophisticated and complex damage to the environment, 
resulting in extremely severe consequences. Therefore, the combination of economic development and 
environmental protection is the urgent demand of sustainable development in Vietnam today. The 1999 Penal 
Code Vietnam was amended in 2009 to build a separate chapter specifying the type of environmental crime 
(Chapter XVII). This chapter consists of 11 articles, from article 182 to article 191. This is an important legal 
instrument for environmental protection, aiming at preventing and punishing behaviors harmful to environment. 

Keywords: environmental protection, environmental laws, sustainable development, consequences, Penal Code 
Vietnam. 

 
Currently,problems of environmental 
pollution and its harmful effects cause 
numerous life-threatening consequences. 
Not only present generation is seriously 
affected by behaviors we cause for 
environment but also our future generations 
will pay the price for our present actions. 
For sustainable development, combining 
economic development and environmental 
protection is a very intractable problem for 
today’s countries especially developing 
countries like Vietnam. Therefore, the 
application of green technology in 
economic development and environmental 
protection is the contemporary trend of 
sustainable development. However, because 
some subjects focus on their own profits, 
they devastate environment seriously. 
Recently, this has been a completely urgent 
issue.Effects of harmful behaviorson the 
environment are huge, remedial work is 
very difficult, even if their consequences 
are irreparable. The legal aspects of 
theVietnam law were set up to regulate the 
aforementioned behaviorsrather fully and 
completely. One of the tools of law 

enforcement that prevents the negative 
behaviors most powerfullyis the criminal 
law. This is a really effective legal 
instrument in the prevention and combat 
against the acts of environmental 
degradation as well as a legal mechanism to 
ensure sustainable development in the 
period of international integration. 

1. AN OVERVIEW OF 
ENVIRONMENTAL CRIME  

According to the 2005 Environmental 
Protection Law: “Environmental factors 
include natural and artificial material 
factors closely related to each other, 
surrounded by people, affecting life, 
production, survival development of man 
and nature”.  

The textbookVietnam Criminal Law- 
volume 2 of Hanoi University of Law wrote: 
“The environmental crimes are acts 
dangerous to society in violation of State 
regulations on the environment, which cause 
damage to the environment”. General 
concept mentioned above hasdisplayed the 
signs of environmental crimes. This also 
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reflects the nature of environmental crime as 
an act of infringement of social relationships 
in the field of environment in relation to 
distinguish environmental crimes with other 
crimes defined in the Criminal Code. 

Currently, environment in many countries 
worldwidein general and in our country in 
particular is being polluted.Even in many 
places, environment is being fiercely 
devastatedby human activities such as 
deforestation, illegal logging.Moreover, 
municipal and industrial waste is being 
discharged indiscriminately, making rivers, 
estuaries and harbor polluted. Land in many 
areas is being degraded and contaminated 
due to solid and liquid chemicals, chemical 
fertilizers, and pesticides. 
Consequently,droughts, floods and storms 
frequently occur with the ever-increased 
extent of damage. Environmental pollution 
has increasingly causedsome more serious 
diseases affecting human health, such as 
cancer, respiratory and digestive diseases, 
and so on. Therefore, protecting, preventing 
and controlling environmental pollution 
must be an urgent task right now. 

To prevent degradation, environmental 
pollution and restore ecological development, 
it is vital to adopt global measures. 
Legislating environment protection 
measures is one of these very important ones. 
In recent years, the State has enacted a 
number of laws related to environmental 
protection such as the 1985 Penal Code; the 
1993 Environmental Protection Law; the 
1999 Penal Code;the 2005 Environmental 
Protection Law. In addition to the legislation 
aforementioned, environmental issues are 
also defined in a series of legal documents 
such as the Land Law, Mining Law, the 
Water Resources Law, the Forest Protection 
and Development Law, etc. 

Although there are regulations on 
environmental crime in the 1985 Penal 
Code and the 1999Penal Code, these 
regulations have become insufficient, the 
names and signs of crime are too vague and 
deficient. Accordingly, the recognition and 
application of the law in practice is 

infeasible.Because of the urgency of 
environmental protection these days, it is 
necessary to build a complete legal 
framework in order to create a legal basis 
for the processing of the infringer, 
contributing to effective the “fight” against 
environmental crime. 

On June 19, 2009,in 12th Sessionthe 
National Assembly of the Socialist Republic 
of Vietnam passed the amended 1999 Penal 
Code, taking effect from January 1, 2010. 
Regard to this amendment, Congress 
amended and supplemented many articles, 
one of which is basic changes 
inenvironmental crime.Firstly, there is a 
change in the number and name of law. If the 
1999 Penal Code regulates 10 
environmental crimes from Article 182 to 
Article 191, the 2009 amended Penal Code 
administers 11 specified crimes including:  

Article 182 Polluting environment; Article 
182a Breaching regulations on hazardous 
waste management; Article 182b Breaching 
regulations on prevention of environmental 
incidents; Article 185 Taking wastes into 
Vietnameseterritory; Article 186 
Spreadingdangerous diseases to humans; 
Article 187 Spreadingdangerous diseases to 
animals and plants; Article 188 destruction 
of aquatic resources; Article 189 forest 
destruction; Article 190 Breaching 
regulations on protection of animals on the 
list of endangered species, precious and rare 
species prioritized protection; Article 191 
Breaching regulations on the management 
of nature reserve; Article 191a Importing 
and dispersing harmful alien species. 

Secondly, the Penal Code went through a 
fundamental change in the name of some 
laws. Specifically, “crime polluting the 
environment” (Article 182) instead of “crime 
polluting air”; “Crime Polluting Water”, 
“Crime Polluting Land” in Articles 182, 183, 
184 of the 1999 Penal Code, respectively; 
“Spreading wastes into the territory of 
Vietnam” (Article 185) replaces for the 
“Importingtechnology, machinery, 
equipment or waste materials which cannot  
ensure standards of environmental protection” 
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(Article 185 of the 1999 Penal Code); 
“Breaching regulations on protection of 
animals on the list of endangered species, 
precious and rare species prioritized 
protection” (Article 190) substitutes for 
“Violating the regulations on the protection 
of wildlife, rare animals” (Article 190 of the 
1999 Penal Code); “Breaching regulations on 
the management of nature reserve” (Article 
191) substitutes for “Violating the special 
protection regime for natural protected areas” 
(Article 191 of the 1999 Penal Code). 

The alterations of the names of a number of 
articles in the Penal Code showrelevance in 
regulations of the Penal Code in accordance 
with new ones of the Environmental 
Protection Act 2005. 

2. THE BASIC LEGAL SIGNS OF 
ENVIRONMENTAL CRIME 
GROUPS 

The environmental crimeviolatesthe State 
regulations on the protection of the 
environment, taking high risk to society. The 
environmental criminal behaviors are 
various such as: Spreading of epidemics, 
taking waste into Vietnameseterritory, 
violating regulations on waste management, 
etc.Objectively,these acts are specified as 
prohibited onesin the PenalCode stipulated 
in Article 29 of the 2005 Environmental 
Protection Law.  

In the Penal Code, the environmental crime 
is generalized as follows: 

Most environmental crimes have constituted 
material (Article 182, 182a, 182b,85, 186, 
187, 188, 189; 191.191a Penal Code). In the 
complex and popular situation of 
environmentalcrime nowadays, the 
development of environmental crime with 
constituents of material matter are not 
expressed its nature and levels on 
environment because the consequences of 
environmental crime is very difficult to 
determine. The devastative behaviors should 
be stopped at the very beginning and have 
appropriate penalties. To determine the 
environmental crimes,it is also essential to 
clearly identify the close relationship 

between the behaviors with 
theirconsequences. The environmental 
crime constituting material is considered 
complete since its consequences occured. 

However, in reality,to determine “serious”, 
“very serious” and “extremely serious” 
consequencesof acts of polluting the 
environment is very difficult.In many cases, 
it is impossible to determine the immediate 
consequence, but after a long time, the 
consequences are able to be determined 
comprehensively. Because therules are too 
general, evaluating such consequences not 
only depends on the actual damages occurred 
but alsodepends on subjective wills of the 
authority. Accordingly, the samebehavior, 
and its consequences are consideredto be 
serious by one agency, still to be not serious 
by other agencies. Thus, this crime may not 
be handled.This is one of the major 
difficulties for the authorities in dealing with 
violations of environmental laws. 

The 1999 Penal Code regulates signs “have 
been administrativelysanctioned but 
continued to commit violations” are 
compulsoryto determine this crime. Articles 
187, 188, 189 of the amended Penal Code 
only provide signs “causing serious or 
having been administratively sanctioned”. 
Thispoint is different from the previous 
provisions of the 1999Penal Code and plays 
an important role in determining the 
punishment for this crime. 

Objects of crime are social relationships 
which are protectedin the Penal Code but 
invaded. Objects of environmental crime are 
the social relations of maintaining a clean 
environment, rational use of natural 
resources and environmental protection for 
inhabitants. Thus, the content of social 
relations as objects of environmental crimes 
is not limited in any specific sphere. For each 
specific type of crime, it has relevant objects. 
Subjects of crime are those who have penal 
liability capacity at the legal age and have 
recognition capacity. As for environmental 
crimes, there is atype of special subject. The 
special subjectsare commonly people with 
high positions in government. The crime is 
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stipulated in Article 182a, 182b, 186, 187 of 
the Penal Code. 

The amended Penal Code has not 
expressedthe penal liability prosecution for 
legal entities. This can be regarded as a 
limitation of the current law that has not 
been repaired yet. In fact, in violations of 
criminal laws on environmental protection, 
most of the subjectsare legal entities, 
including plants, factories, workshops, etc. 
It is quite inappropriate whenthe penal 
liability for these entities is not regulated, 
especially in complex situation of 
environmental crimes. 

Subjective aspect of crime is the expression 
of inner psychology of crime including 
errors, motives, and criminal purposes. In 
the provisions of Chapter XVII of the 
amended Penal Code,there are not any direct 
regulations stating that the offenders shall be 
subject to penal liability due to unintentional 
or intentional errors. With the regulation, we 
can acknowledge that both unintentional and 
intentional criminal behaviors are 
handled.This is one of the new Penal Code 
amendments and supplements, considering 
environmental crimenot merely intentional 
errors as stated in the 1999Penal Code. In 
the subjective aspect of environmental crime, 
purposes and motives hardly mean to 
condemn. However, there are some types of 
crime requiringmandatory signs for 
individual behaviors. 

3. SOME SUGGESTIONS FOR 
IMPROVING THE LAW 

First, quickly issue several legal documents 
to guide the implementation of the amended 
and supplemented Penal Code, ensuringthe 
effective enforcement of the regulations on 
environmental crime. In the future, 
government and professional bodies need to 
quickly enact some legal normative 
documents to give more specific instructions 
for the amended and supplemented Penal 
Code in general and environmental crime in 
particular. Some problems are as follows:  

Signs of consequences: Since the 
consequences of this criminal group is 

totally tough to define, it is necessary to 
have specific instructions of what are 
“serious, very serious, and extremely 
seriousconsequences”, what are“large 
number”; “very large number”; “extremely 
large number” in order for the 
implementation of investigation, 
prosecution, and trial of casesto be unified. 

Second, provide specific concepts 
ofenvironmental crime. Specified objects of 
environmental crime and characteristics of 
environmental crime are the basis to 
formulate a certain concept of 
environmental crime, avoiding confusion 
between environmental crimes and 
violations of environmental lawsas well as 
confusion between environmental crimes 
and other crimes. Hence, there should be 
more law regulations of the concept of 
environmental crime in the Penal Code to 
create a legal basis for the investigation 
agency, prosecution, adjudication, and help 
people perceive more accurately. 

Third, regulate the subjects of 
environmental crime.According to the 
general principles, the distinction between 
violations is based on the nature and degree 
of danger to society. Thus, if violations of 
environmental law of organization, legal 
entities are high risk to society, they should 
also be considered a penal law violation. In 
fact, dangerous behaviors infringing social 
environment are not only done by 
individuals but by the legal entitieswith 
higher dangerous levels. Nonetheless,the 
current criminal law only considers 
individual the subject of crime, legal 
entitiescommiting violations are not handled 
accordingly. Obviously, the deterrent 
andpunishmentto these violations may be 
not efficient. According to the author, in the 
future, penal liabilityfor legal entities 
commiting violations should be addressed in 
the Penal Code. This is a favorable condition 
for the efficient prevention and combat 
against environmental crime. 

Fourth, supplement some additional names 
of crime. In reality, there are some behaviors 
causing significant impacts on environment. 
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These may include breachesof noise, 
vibration exceeding permitted standards or 
activities obstructing environmental 
protection, etc.The Penal Code should add 
some new types of environmental crime 
such as biological weaponscrime; breaching 
regulations on environmental protection in 
production, etc.  

Fifth, internationally cooperate in the fight 
against environmental crime. International 
cooperation in the fight against crime is the 
cooperation between Vietnam and other 
countries on the establishment of 
multilateral and bilateral treaties to support 
and help mutually, targetingenvironmental 
protection of mankind. This partnership will 
probably provide afirm foundation for 
struggling, and minimizing violations of 
environmental laws. 
Sixth, propagate, educate, raise awareness 
and responsibility of citizens, businesses in 
preventing, combating crime and violations 
of environmental laws. This is one of 
influential solutions to reduce the number of 
environmental violations. Besides that, 
prasing individuals, groups, and 
businessesfor theirenvironmental protection 
activities is also a good form of 
encouragement. In the future there should be 
more propagation and education to urge the 
businesses to get involved and commit 
environmental protection, minimizing the 
violations of environmental laws. 

4. CONCLUSION 
Environmental crime is becoming 
increasingly complicated. The violations still 
occur every day, every hour in many areas 
nationwide. Recognizing the threat of this 
crime to our societyand economy, in recent 
years, the Party and the State has been very 
interested in prevention and fight against 
environmental crime. Our country is dealing 
with increasing challenges in environmental 
protection. Pressure of population, industrial 
development and international economic 
integration must require more consumption 
of natural resources and energy. Additionally, 
the development of industrialization has 
causedmore serious environmental 
pollution.Nowadays environmental crime 
has had more sophisticated tricks, especially 
in production, business, resource exploitation, 
industrial zones and urban areas. 
Furthermore, legal documents and 
regulations are not unified and sufficient. The 
1999 Penal Code reveals a lot of limitations 
onenvironmental crime in reality. It is 
thereforeessential to be modified and 
supplemented in accordance with the practice 
as well as the struggle to prevent, combat and 
punish this crime. To address this, the 12th 
Congress passed the Law amended and 
supplemented a number of articles of the 
1999Penal Code. This is an important legal 
basis to assist the State authorized agency to 
apply and handle violations of environmental 
protectioneffectively.
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ABSTRACT 
The world economy has shifted from developed to developing breadth in depth based on the application of 
science - engineering & technology in the production process, contributing to the development of productive 
forces and promoting economic growth. Congress 11th National Party of Vietnam (May 1-2011) identified the 
overall goal in 5 years 2011-2015: “Continuing to enhance leadership and combat capacity of the Party, to 
enhance the renewal process (....); rapid economic development and sustainability; improving the material life, 
the spirit of the people (...); creating the foundation for our country in 2020 to become an industrialized country 
towards modernization” [1]. To achieve this goal, one of the solutions of the Eleventh Congress Party is set to 
renew the growth model and restructuring the economy; promote industrialization, modernization, rapid and 
sustainable development. This is an inevitable trend of all countries in the world, especially developing countries 
like Vietnam. 

Keywords: greentech 2014, Viet Nam of Communist party, innovation in growth model, economic restructuring, 
industrialization, modernization.  

 
1. RENEWING GROWTH MODEL 

AND ECONOMIC 
RESTRUCTURING  

After the liberation of the South, 
reunification, Vietnamese people entered a 
new revolutionary period with many 
fundamental advantages and also facing 
difficulties and challenges. They were two 
wars in the Southwest and Northern border; 
U.S. and Western embargoes isolating 
Vietnam. Our country then constucted 
socialism from a very low starting point 
despite the devastating wars. Moreover, 
maintaining the economic management 
mechanism based on bureaucracy and 
subsidies have pushed our country into 
economic crisis - a serious social at the end 
of the 80s of the twentieth century. 

The economic management mechanism 
based on bureaucracy and subsidies hamper 
competition and scientific and technological 
progress, eliminate economic incentives of 

workers, pushing the economy into 
stagnation and crisis. 

Under pressure from real life, to escape 
from the economic and social crisis, in the 
situation that the world economy has 
shifted from development in breath to 
development in depth, our Party had 
economic breakthrough  thoughts, 
especially about building economy-oriented 
market socialism, resolutely  eliminating 
subsidized economy. Sixth Congress 
(March 12-1986) of the direction the party 
has innovation management mechanism 
innovation economy “that remove 
bureaucratic centralism and subsidy to build 
a new mechanism in accordance with 
objective rules and the level of economic 
development” [2], “The essence of the new 
mechanism of economic management is 
planning mechanism in the form of 
socialism business accounting based on the 
principle of democratic centralism” [3]. 
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With breakthrough of the Sixth Congress, 
our country entered a new era-the period 
ofthe country's comprehensive renovation. 
Till now, after more than 25 years of 
renovation, Vietnam has successfully trans 
formed from an economic model of 
economic planning and centralized, 
subsidized market economy to a  socialist 
orientation. Market-oriented economic  
socialism was recognized by ninth 
Congress (March4-2001) as general 
economic model of the country in the 
period of transition to socialism. 

After more than 25 of innovation, economy 
of Vietnam has achieved better and better 
economic growth, averaging period 7.26% / 
year from 2001 to 2010. In 2010, total 
domestic product per capita was $ 1,168 in 
2013 was $ 1,960. Physical and spiritual 
life of the people is improved markedly. 
Position and strength of our country gets 
stronger. Vietnam's position in the 
international market is increasingly high, 
creating an important premise to further 
accelerate the industrialization and 
modernization of the country and improve 
the quality of life of the people. 

However, besides the great achievements 
that we have achieved remains limitations 
and weaknesses. The development of the 
economy is not sustainable;quality growth, 
productivity and competitiveness is low, 
slow move to develop in depth. The 
incident that Vietnam entered the middle-
income countries also poses challenges to 
lag and fall into the “middle income trap”. 

The three pillars of economic growth in 
Vietnam in recent years are cheap labor 
source, exploitation and export of raw 
natural resources and foreign investment, 
which are now no longer suitable, revealing 
clearly the  inadequacies to be remedied to 
ensure rapid economic development and 
sustainability. 

For more than 25 of innovation, economic 
growth model is mainly based on factors 
developed in width. The statistics from 
2003 to the present show, factors which 
contribute to growth accounted for 52.7%, 

3 times the contribution of labor (19.1%). 
Also contributing factor of aggregate 
productivity (TFP) accounts for only 28.2% 
(whereas in countries in the ASEAN region 
is 35-40% in developed countries is 60-
75%). Knowledge  economy index in 2008 
was 3.02, ranking 102 out of 133 countries 
surveyed [4]. 

Although the economic structure has shifted 
to wards positive, consistent with the 
comparative advantages of the country, it is 
still slow. Social labor productivity is much 
lower than other countries in the region. 
National competitiveness, businesses and 
products is slowly improving. Effective use 
of development investment capital is low, 
high ICOR than other countries in the 
region... all have reduced investment 
efficiency and affect the quality of growth. 

The limitations and weaknesses, 
contradictions and shortcomings are most 
concentrated expression of the irrational 
economic structure, in appropriate growth 
patterns and development methods, 
becoming obstacles, hindering economic 
development between the rich and poor 
increasing risk leading to social instability, 
resource depletion and environmental 
pollution. 

Therefore, innovation and growth patterns 
restructure the economy, improve the 
quality, effectiveness, rapid economic 
development, sustainability both as an 
objective requirement of Vietnam in the 
new stage of development . To renew the 
growth model and restructuring the 
economy from mainly developed by the 
width to develop reasonable harmony 
between the width and depth; moderate 
expansion, just focus on improving quality, 
efficiency, sustainability; from growth 
based primarily on growth capital, exploit 
natural resources and cheap labor used to 
grow mainly due to application of science, 
technology, high-quality human resources, 
improve labor productivity and product 
quality, industrial development, agriculture, 
high technology services, value added and 
competitiveness associated with the 
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development of large knowledge-based 
economy [5]. Improving the 
competitiveness of the economy and 
ensuring macro economic stability; 
properly address the relationship between 
quality and growth rate; solve harmonious 
relationship between economic 
development with cultural development - 
social aims for all people. Implementation 
of restructuring the economy, which is the 
focus of restructuring the manufacturing 
sector, is consistent with the service area; 
promotes restructuring and strategic 
alignment strategic business development; 
increases value added and competitiveness 
of products produced, and the whole 
enterprise economy. 

The congestion points and bottlenecks 
constraining growth and development of 
Vietnam's economy are now pointed out by 
the Eleventh Congress of the Party as the 
market economy institutions, human 
resources and quality of the infrastructure. 
On the basis of the bottleneck awareness, 
our Party has set out three strategic 
resolutions. The first one is perfecting the 
market economy socialist orientation, the 
focus is to create equal competitive 
environment and administrative reform. 
Secondly, develop rapidly the human 
resources, especially high-quality human 
resources, focusing on innovative basic and 
comprehensive national education; closely 
linked to the development of human 
resource development and application of 
science and technology. Thirdly, build the 
infrastructure systems in sync, with some 
modern works, focusing on transport 
infrastructure and major urban 
infrastructure. 

Promptly removing bottlenecks in the 
economy will contribute to achieving macro 
economic stability, and start to shift 
resources to wards developing positive, 
makes the effective development and 
sustainable. In particular, to improve the 
quality of growth, the driving force new 
growth to be formed, in which science and 
technology, human resources qualified 

professional,modern in frastructure is the 
main pillars of the new growth model. 

2. PROMOTE 
INDUSTRIALIZATION,  
MODERNIZATION, RAPID AND 
SUSTAINABLE DEVELOPMENT 

Industrialization and modernization is the 
process of converting basically and 
comprehensively the production activities, 
trading or services from using manual labor 
as a key to using a common labor with 
technology, medium and advanced 
methods, based on the modern industrial 
development and scientific advances-
technologies, to create social labor 
productivity high. 

Industrialization and modernization of the 
Party identified a inevitable to the path of 
turning our country from backward agri 
cultural country to an industrialized 
country, and to ward modern ization by 
2020 our country. 

History of Vietnam's industrialization 
began in the national Congress of the Third 
Party (May 9-1960). After nearly 54 years 
of industrialization, the country has 
achieved tremendous accomplishments 
including: facilities-the country's 
engineering is significantly enhanced, 
independence of economic autonomy 
improved health; economic structural shift 
towards industrialization and modernization 
has achieved important results: the 
proportion of industry and construction 
increased, the share of agriculture, forestry 
and fisheries decline, in each economic 
sector are positive shift in the structure of 
production, technological structure in the 
direction of progress, efficiency, associated 
with the production, with the market; the 
achievements of industrialization and 
modernization have contributed 
significantly to the economy achieved high 
growth rates, which have contributed 
significantly to the alleviation of poverty, 
improve per capita income the people. 

Besides the great achievements, the process 
of industrialization and modernization in 
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our country still face many limitations and 
shortcomings: economic growth is still low 
compared to the potential of the country 
and low than many countries in the region 
at the beginning of industrialization, small-
scale economy, low labor productivity; the 
country's resources are not used efficiently, 
resources, land and resources of the country 
are also wasteful use, loss of resources in 
people not being full play; economic 
structural shift towards industrialization, 
modernization is slow, the quality of human 
resources and the proportion of trained 
workers is low; structure of economic 
development is not commensurate with the 
potential, yet to make a full collaborative 
environment, competitive equality and 
development capabilities of the sector; 
economic infrastructure-remains backward 
society, lack of uniformity, did not meet the 
requirements of economic development-
social... 

To successfully implement the objectives of 
industrialization, modernization is to 
improve our country turning into industrial 
water facilities-modern technology, there 
are rational economic structure, production 
relations progress consistent with the level 
of development of productive forces, 
enhance physical and spiritual life of the 
people, the Communist Party of Vietnam 
has setup a steering system views the 
process of industrialization and 
modernization that is:  

- Industrialization comes along with 
modernization; industrialization and 
modernization are both associated with the 
development of knowledge economy.  

- Industrialization and modernization are 
associated with the development of market-
oriented economic socialism and 
international economic integration. 

- Promoting human resources is an essential 
elements for the rapid and sustainable 
development. 

- Consider the development of science and 
technology as the foundation, the basis for 
industrialization and modernization.  

- Rapid, effective and sustainable 
developments in economy come along with 
progress and social justice, protection of the 
natural environment, biodiversity 
conservation. 

In the future, to promote industrialization, 
modernization, rapid and sustainable 
development, the Party insisted that process 
of industrialization and modernization in 
our country should and can be shortened in 
time compared with previous moves by 
leveraging the experience engineering, 
technology, industrial development and 
take advantage of the trend of the times 
through international integration. 

Experience in the industrialization and 
modernization of the countries in the world 
has given Vietnam many valuable lessons 
about how to conduct and pattern of 
industrialization and modernization. To 
complete the facilities - technical socialism, 
the crucial issue is to identify the model of 
industrialization, modernization suited to be 
combined with local resources external 
resources. Currently in the world there are 
many models of industrialization and 
modernization; each model has its 
advantages and its defects. The problem is 
that we learn the lessons that experience 
how to optimize the advantages and 
overcome the disadvantages to shorten the 
time of industrialization, development of 
productive forces and improve labor 
productivity; avoid the application of a 
mechanical dogmatic experience of 
countries that do not derive from objective 
reality of the country. 

We can say that the mode of 
industrialization and modernization of 
Vietnam's current model is based on market 
principle sand export-oriented, which 
means the international economic in 
tegration and global markets as a 
particularly important motivation for the 
development. 

To further accelerate the industrialization 
and modernization, rapid and sustainable 
development in the coming years, we need 
to continue to thoroughly understand and 
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comply with the following major directions. 
The first one is thriving construction 
industry and modernized, continuing to 
create a platform for industrial countries 
and enhance independence and autonomy 
of the economy. Secondly, comprehensive 
agricultural development, efficiency and 
sustainability in the direction of 
industrialization and modernization 
promote the advantages of tropical 
agriculture associated with solving the 
problems of farmers, rural. Thirdly, 
vigorously develop the service sector, 
especially the services of high added value, 
high potential and competitiveness as 
finance, banking, commerce, tourism, 
telecommunications, transport, health, 
education, science and technology. 
Fourthly, focus on building, creating a 
breakthrough in infrastructure. Fifthly, 
harmonizing development between urban 
and rural areas. 

3. CONCLUSION  
To take advantage of the opportunities, 
risks repelling challenges,the gap in the 
level of development of many countries in 
the region and the world, Vietnam has no 
other way than to increase innovation 
model growth and economic restructuring; 
promoting industrialization, modernization, 
rapid and sustainable development. By 
2020 our country is trying to become an 
industrialized country to wards 
modernization; political-social stability, 
democracy, discipline and consensus; 
material life and spiritual increasingly high; 
independence, sovereignty, unity and 
territorial integrity is maintained; position 
of our country in the international arena has 
been continuously improved;create a firm 
foundation to grow faster in the later stages.
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ABSTRACT 
After joining the WTO, Vietnam textile industry has many opportunities to increasingly confirm its reputation on 
the world market. Although Vietnam exports are large and constantly increasing since 2000, until now export 
efficiency of textile sector is still low. According to the final report of Vietnam Textile and Garment Association, 
the added value of the exports of textile products is still low, about 25% of export turnover and profit margin is 
only about 5-10%, and 70-80% is imported raw materials. In recent years, the macro-economic instability has 
adversely been affecting the textile industry. Besides exchange rates, inflation and rising interest rates, rising 
input costs inefficient supply chain also leads to a significant increase in the cost of exports. Every stage in the 
supply chain creates the different value-added. Therefore, restructuring the supply chain to enhance the value-
added is the most important work for commercial textile industry with competitive advantage. This article will 
show a method of value chain to analyze the supply chain of textile industry in Vietnam and also make 
recommendations to improve the competitiveness of Vietnam textile and garment in supply chain of global 
textile [1]. In particular, statistical analysis is applied to analyze data for secondary analysis overview of 
Vietnam competitive textile and garment industry.  

Keywords: Vietnam's textile and garment industry, statistical analysis, supply chain, competitiveness. 

 

1. GLOBAL GARMENT INDUSTRY 
VALUE CHAIN 

1.1 Value Chain 
A value chain is the range of activities 
involved in the design, production and 
marketing of a product, although there is a 
critical distinction between buyer-driven 
and producer-driven value chains [2-3]. 

In producer-driven value chains, large and 
usually transnational manufacturers play the 
central roles in coordinating production 
networks, including their backward and 
forward linkages. This is the type of capital 
and intensive technology industries such as 
automobiles, aircraft, computers, 
semiconductors and heavy machinery. 

Buyer-driven value chains are those, in 
which large retailers, marketers and 
branded manufacturers play the pivotal 
roles in setting up decentralized production 
networks of a variety of exporting 
countries, typically located in developing 
countries. This pattern of trade-led 

industrialization has become commonly in 
labour-intensive and consumer-goods 
industries such as garments, footwear, toys, 
handicrafts and consumer electronics. 
Tiered networks of the third world 
contractors, that make finished goods for 
foreign buyers, carry out production. Large 
retailers or marketers, that order the goods, 
supply the specifications. 

1.2 Global garment industry’s value 
chain 

Garment industry is good sample of buyer-
driven value chains. Buyer-driven chains 
profits are mostly allocated to retailers for 
their high-value research, design, sales, 
marketing and financial services. Thus they 
allow the retailers, designers and marketers 
as strategic brokers in linking overseas 
factories and traders with products niches in 
their main consumer markets. Apparel 
manufacturers receive small part of profits. 

The apparel value chain is organized around 
five main segments: (1) raw material 
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supply, including: natural and synthetic 
fibers; (2) provision of components, such as 
the yarns and fabrics manufactured by 
textile companies; (3) production networks 
made up of garment factories, including 
their domestic and overseas subcontractors; 
(4) export channels established by trade 
intermediaries; and (5) marketing networks 
at the retail level. 

1.3 Upgrading in the Buyer-Driven 
Apparel Value Chain 

In the buyer-driven global apparel value 
chain, profits come from combinations of 
high value research, design, sales, 
marketing, and financial services. It means 
that they allow the retailers, designers and 
marketers to act as strategic brokers in 
linking overseas factories and then traders 
with product niche in their main consumer 
markets [2-3]. The companies, that develop 
and sell brand-name products, have 
considerable control over how, when, and 
where manufacturing will take place, and 
how much profit accrues at each stage, 
essentially controlling how basic added 
value activities are distributed along the 
value chain. 

To understand how this division of work 
occurs and how initiatives to develop the 
workforce may affect the role of developing 
countries in the global value chain. 
Therefore, six distinct added value activities 
can be identified: (1) research and new 
product development (R&D), (2) design, 
(3) production, (4) logistics (purchasing and 
distribution), (5) marketing and branding, 
and (6) services (see Figure 1). What is 
striking about this schema and the most 
important value-adding stages are 
intangible services that occur before and 
after the apparel production process, in 
which it requires us to expand considerably 
our ideas about where the greatest gains 
from workforce development are likely to 
occur. 

 
Figure 1: Curve of value added stages in the 

apparel global chain (Source: Frederick, 2010) 
 R&D: This added value function 
includes companies that engage in R&D, as 
well as activities related to improving the 
physical product or process and market and 
consumer research. 

 Design: This stage describes people and 
companies that offer aesthetic design 
services for products and components 
throughout the value chain. Design and style 
activities are used to attract attention, 
improve product performance, cut 
production costs, and give the product a 
strong competitive advantage in the target 
market. 

 Purchasing/Sourcing (Inbound): This 
stage refers to the inbound processes 
involved in purchasing and transporting 
textile products. It includes physically 
transporting products, as well as managing 
or providing technology and equipment for 
supply chain coordination. Logistics can 
involve domestic or overseas coordination. 

 Production/Assembly/Cut, Make, 
Trim (CMT): Apparel manufacturers cut 
and sew woven, knitted fabric or knit 
apparel directly from yarn. The cut and sew 
classification includes a diverse range of 
establishments making full lines of ready-
to-wear and custom apparel. Thus apparel 
manufacturers can be contractors, 
performing cutting or sewing operations on 
materials owned by others, or jobbers and 
tailors who manufacture custom garments 
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for individual clients. Firms can purchase 
textiles from another establishment or make 
the in-house textile components. 

 Distribution (Outbound): After apparel 
is manufactured, it is distributed and sold 
via a network of wholesalers, agents, 
logistics firms, and other companies are 
responsible for added value activities 
outside of production. 

 Marketing and Sales: This function 
includes all activities and companies 
associated with pricing, selling, and 
distributing a product, including activities 
such as branding or advertising. These 
companies frequently do not make any 
physical alternations to the product. Apparel 
is marketed and sold to consumers (via retail 
channels), institutions, or to the government. 

 Services: This is any type of activity, in 
which a firm or industry provides to its 
suppliers, buyers, or employees, typically as 
a way to distinguish itself from competitors 
in the market (e.g., offering consulting 
about international apparel businesses or 
fashion trends). 

2. VIETNAM GARMENT AND 
TEXTILE SUPPLY CHAIN 

According to Vinatex, currently Vietnam 
has 5,982 textile and garment companies. 
The majority of which is located in the 
South (62%). The textile and garment 
sector of Vietnam mainly focuses on the 
last step in the supply chain of cut and sew. 
Therefore, the number of apparel 
companies in Vietnam remains high, 
accounting for 70% of the total textile and 
garment companies. The paradox of 
Vietnam’s textile and garment sector is that 
while it exports 2/3 of yarns produced, it 
has to import nearly 90% of dyed fabric. 
The key reason is the un-development of 
the middle step of weaving and dyeing, 
which is considered to be the bottleneck of 
Vietnam’s textile and garment sector. 

2.1 Raw material supply 
It is estimated that currently Vietnam needs 
around 820,000 tons of raw materials a year, 

including 420,000 tons of cotton and 
400,000 tons of synthetic fibers. In addition, 
Vietnam can only meet 5,000 tons of cotton 
needed or 1.2%. The remaining of 98.8% is 
imported, mainly from US (45.6% in 6M13) 
and India (23.1% in 6M13). Vietnam has to 
import 120,000 tons or 30% of synthetic 
fiber needed. This fact is attributable to 
unfavorable weather condition and limited 
land bank for agriculture. Because of high 
dependence upon imported raw materials, 
profitability of Vietnam spinning industry is 
volatile to global price of cotton and foreign 
exchange rate.  

2.2 Provision of components 
Currently, Vietnam has 5.1 million 
spindles, accounting for 2.04% of the world 
and rank no. 6. With current production 
capacity, Vietnam can produce ~700,000 
tons of yarn a year. This process is machine 
intensive and Vietnam seems to have 
advantage with low production capacity. 
However, Vietnam exports about 2/3 yarns 
produced, mainly to Turkey. The key 
reason, why Vietnam has to export the 
majority of yarn produced, is the un-
development of the next step of weaving 
and dyeing. With 1/3 yarns to be used 
domestically, current production capacity of 
Vietnam weaving companies can produce 
1.3 billion meters of raw fabric. Therefore, 
the current production capacity of Vietnam 
dyeing companies can produce 0.8 billion 
meters of dyed fabric (It means that 
Vietnam has to export 0.5 billion meters of 
raw fabric). The key reason for this problem 
is that weaving and dyeing industries are 
capital intensive. In particular, it requires 
high initial investment capital, especially 
for waste treatment system. In addition, it 
requires expertise and much money to treat 
waste water during production process.  

Due to environmental issues, only a few 
authorities allow dyeing companies to build 
dyeing plants in their provinces. Although 
weaving and dyeing companies have huge 
demand from garment companies in 
Vietnam. Especially when textile and 
garment export value is still increasing, as a 
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discouraged industry and with old 
technology and machines, these steps in 
Vietnam are so un-developed. It leads to the 
fact that weaving and dyeing become the 
bottle neck of Vietnam’s textile and garment 
sector. The production capacity of the 
weaving and dyeing companies is too small 
and not enough for yarn produced locally.  

It is estimated that currently Vietnam needs 
6.8 billion meters of dyed fabric for 
garment production. Local weaving and 
dyeing companies can only meet 0.8 billion 
meters of dyed fabric or 11.8% of total 
dyed fabric and the remaining 6 billion 
meters is imported. 50% of imported dyed 
fabric is from China and the rest is from 
some countries including Taiwan, Japan, 
Korea, Thailand, India, etc. Vietnam has 
advantage over cut and sew step in the 
supply chain, because this step is labor 
intensive and requires lower investment 
capital with returns in short-term. 
Therefore, Vietnam has obtained 
remarkable achievements as mentioned 
above. The paradox of Vietnam’s textile 
and garment sector is that while it exports 
2/3 yarns produced, it has to import nearly 
90% of dyed fabric. The main reason is the 
un-development of the middle step of 
weaving and dyeing industries, which are 
considered to be the bottleneck of 
Vietnam’s textile and garment sector. 

2.3 Production networks 
Vietnam’s garment industry is currently 
only participating into the third part in 
global apparel supply chain .only from 2% 
to 3% of Vietnam’s apparel export value is 
Original Design Manufacturing (ODM) 
which indicates that Vietnam garment 
enterprises almost do not carry out design 
process and are not capable of designing 
and branding. This is because of difficulties 
in human resource, lack of market 
information and being far from end-users in 
import markets. Moreover, Vietnam 
garment enterprises are mainly sub-
contractors for regional garment 
contractors. Although Vietnam is in top 5 
textile and garment exporters, the majority 

of the garment production for exports in 
Vietnam is under a contractual arrangement 
that is locally referred to Cut Make Trim 
(CMT) and Free on Board (FOB) account 
for 96.5% of total export value of which 
CMT is 75.3% and FOB is 21.2%. Few 
large garment companies, including Viet 
Tien, Nha Be, Phong Phu, etc. can do 
contractors and manufacture under the FOB 
model. In addition to the fact that Vietnam 
is not capable of self-supplying raw 
materials for apparel production as 
mentioned above, profit margin of Vietnam 
textile and garment companies is thin and 
they benefit more from economy of scale. 

2.4 Export channels and marketing 
networks 

Distribution operations of Vietnam textile 
enterprises are still developing and 
dependent on foreign traders. In addition, 
Vietnam’s textile and garment industry are 
restricted into the centre of this commodity 
chain, where analysts call it the “triangle 
manufacturing”. The triangle manufacturing 
involves three key parties such as retailers, 
producers and traders. The retailers make a 
very detail specific contract with the traders, 
the traders then subcontract the 
manufacturing of the garment items to the 
network of manufacturers that they know, 
trust and monitor. The garment 
manufacturers produce complete product 
items and then ship products directly to the 
retailers. When the retailers received and 
checking products standard, they pay the 
traders, and the traders then pay the 
producers. 

Retailers sourcing from Vietnam are 
supermarkets, department stores, discount 
stores and online store from EU, Japan and 
the US market. Producers are Vietnamese 
or some international or region (Hong 
Kong) garment manufacturers, who source 
from Vietnam. Traders are international 
buyers; include leading global buyers from 
EU, US, Japan and Hong Kong, recently 
traders from Taiwan and South Korea are 
play role as intermediaries connect Vietnam 
Textile and garment with the world market. 
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Some retailers do not go through traders but 
they source directly from Vietnamese firms, 
using local representative offices in Hanoi 
or Ho Chi Minh city. Other retailers place 
their orders in Hong Kong of the hub, that 
connects the garment industry triangle and 
the world garment and textile industry, 
where many of the manufacturers have 
headquartered include Vietnamese 
manufacturers [5]. On the other hand, the 
Hong Kong manufacture organization gets 
the contract and place to Vietnam producers 
by their own FDI or Joint venture in 
Vietnam, or they may subcontract with 
Vietnam manufacturers. 

Traders play a very important role as 
intermediaries in the supply chain of the 
textile Vietnam to the world. The big 
retailers rely on traders (mainly from Hong 
Kong) to develop their supply networks in 
Vietnam in other to reduce transaction 
costs. Most Vietnamese suppliers, 
regardless of the production modality, had 
only limited information, if it is not nothing 
at all, of what was going on at the retail end 
in terms of where the products were going 
to be exported, what kind of markets they 
were targeting, and at what price the 
garments were sold [6]. They had no idea 
how the value chain, in which they 
belonged to was organized and coordinated. 
Vietnamese export oriented garment 
suppliers usually lack experience in 
marketing their own products in 
competitive markets, including their own 
domestic market. Such lack of experience 
makes it practically impossible for 
Vietnamese suppliers to correctly position 
themselves in the value chain, identify 
viable functional upgrading possibilities 
and actually design, brand and market their 
products overseas. 

After analysis of the value chain of Viet 
Nam, we see that after years of joining the 
global value chain of textile, despite higher 
but Vietnam textile industry had 
concentrated export products garment 
according to assembly operations of the 
bottom position of the global value chain 

with value added is relatively low [3]. The 
biggest drawback is the industry’s un-
development in the sewn especially, in 
which the early stage has hampered the 
development, reducing the value added in 
the spinning and garment production. 
Besides, exporting and network marketing 
is still a major weakness in the value chain 
of the textile industry in Vietnam, limited 
penetration into the higher stages of textile 
value chain globally. Thus, the challenge of 
Vietnam textile enterprises who would like 
successful, they must move to forward or 
backward linkage to get higher added value. 

3. UPGRADE VIETNAM TEXTILE 
VALUE CHAIN BY DEVELOPING 
THE SUPPLY OF TEXTILE 
MATERIALS 

3.1 In short term: Moving to backward 
linkages 

Trend of the big buyers (US, Japan and 
European countries) are choosing 
companies who can supply full packages 
products instead of assembly to shorten the 
processing time for new products. In this 
model, the buyer provides detailed garment 
specifications and the supplier is 
responsible for acquiring the inputs and 
coordinating all parts of the production 
process: purchase of textiles, cutting, 
garment assembly, laundry and finishing, 
packaging and distribution. Therefore, 
Vietnam garment industry needs to move 
backward in the textile value chain, holding 
important stages in production of materials. 
To do it, firstly, building local production 
capacity and supply of input materials 
including textiles through foreign direct 
investment (FDI) would be a highly 
desirable development path. 

Further agglomeration of the garment 
manufacturing would help promoting 
incoming FDI in this sector as it would 
create more demand for local textiles, 
making investment in this industry more 
attractive for foreign enterprises. Secondly, 
clear bottlenecks in the production process 
exist, and overcoming them would 
contribute to strengthening competitiveness, 
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and therefore policies that would encourage 
further accumulation of this type of garment 
exports should be given priority. The main 
reason is the un-development of the middle 
step of weaving and dyeing industries is 
wastewater treatment problem. Government 
should build clusters of textile and dyeing 
plants have wastewater treatment systems in 
order to attract foreign invesment, thereby 
raising production capacity at this stage. 

 And lastly, linkage with foreign buyers 
through CMT arrangements can further lead 
to product upgrading. 

3.2 In long term: Moving forward 
linkages 

Evidence from enterprise data suggests that 
a jump from assembly operations to original 
brand exports is difficult, as Vietnam still 
lacks capacity to evolve as lead coordinators 
of their value chains and to manage the risks 
involved in the production and distribution 
networks. While, in the short term, ample 
upgrading possibilities exist in both 
processes and products, from a longer-term 
perspective. However, it would eventually 
have to upgrade functionally and 
increasingly take on lead roles in the value 
chain. Such steps will take time, as 
functional upgrading requires skills and 
knowledge in processing market information 
into design, production and marketing of 
commercially viable products. As the 

creation and management of efficient 
distribution systems is also important to 
functional upgrading, building capacity in 
this through promoting development of 
Vietnamese domestic markets is another 
way policy can support. These would be 
policies that focus more on investment in 
human capacity particularly in skills and 
knowledge, rather than in a narrowly defined 
set of machineries and technologies. 

4. CONCLUSION 
Low quality of textile and fabric is 
produced by domestic manufacturers and 
Vietnamese garment manufacturers only 
used about 25% of locally produce material 
for exporting item. So, they have to import 
and have to pay an extra cost. At this point, 
there is the distance between suppliers and 
producers and it is indispensable to be 
connected more effectively in the 
Vietnamese textile and garment distribution 
channel and move to upper textile value 
chain. To perform that in short time, 
Vietnam supply chain activities should 
streamline the whole production process 
from fabrics to yarn, knitting, weaving, 
dyeing and finishing, through to the 
garment manufacturing process. In long 
time, the Vietnam textile industry should 
focus on product design, material control 
and production co-ordination. 
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ABSTRACT 
In the context that banking services have become vulnerable to frequent disruption, this paper is a case study of 
statistic method to analyze the relationships among service quality, customer satisfaction, and customer loyalty. 
Initially, the proposed model is market orientation competitiveness of enterprises in international payment 
services. Further, it is verified that responsiveness and improvement play important roles in promoting customer 
satisfaction with loyalty. With statistical method, the relationship between customer satisfaction and customer 
loyalty is found to be very essential in service via a brief survey. 

Keywords: banking service, customer satisfaction, customer loyalty, market orientation. 

 

1. INTRODUCTION  
In the context of strong internationalization 
in the world, Vietnamese economy is 
gradually integrating into the regional and 
global ones. Establishment of foreign trade 
and international investment have expanded, 
demanding constant development of 
relationships in payment and services 
relating to international banks. International 
payment is the final and most important 
step deciding the effectiveness of product 
exchange processes; it is also a catalyst for 
rapid and efficient transactions. Since 
Vietnam has integrated into the global 
economy, its trade exchanges have spread 
and developed with passing every day. Due 
to this reason, Vietnamese banks should 
develop their services, especially 
international payment to meet the market’s 
demands. An enterprise can appeal 
customers that is significantly based on its 
capabilities to response to customers. Once 
a bank can meet their customers’ demands 
well enough, there are more chances that 
they will favor and have intention to re-use 
it later. Hence, improving market response 
capabilities is one of the most highlighted 
trends of the banking sector nowaday[1]. 

2. METHODOLOGY 
Market orientation is the business culture 
that produces outstanding performance 
through its commitment to create the 
superior value for customers. The values 
and beliefs implicit in this culture 
encourage: continuous cross-functional 
learning about customers’ expressed and 
latent needs and about competitors’ 
capabilities and strategies; and  
cross-functionally coordinated action to 
create and exploit the learning. In the first 
rigorous study on the effect of a market 
orientation on business performance, 
Narver and Slater (1990) developed a 
measure of market orientation based on the 
organizational behaviors of customer 
orientation, competitor orientation, and 
inter- functional coordination. They found a 
significant relationship between market 
orientation and return on investment (ROI) 
in a sample of business units belonging to 
one corporation operating in the forest 
products industry. 

However, another study did not show the 
same results. In two broad samples of 
businesses, Jaworski and Kohli (1992) 
found no relationship between their 
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measure of market orientation and 
managers’ assessments of either ROI or 
market share. Spreng and Olshavsky (1993) 
stated that customer satisfaction or 
dissatisfaction is considered to be the result 
of a comparison between the pre-use 
expectations that a customer has about the 
product or service and the post-use 
perception of product or service 
performance. Narver and Slater's (1990) 
finding of a positive relationship between 
market orientation and business 
profitability is re-tested in a broad sample 
of product and service businesses operating 
in a variety of industries. 

This was assessed with a 1-5 scale from 
“Completely disagree” to “Totally agree.” 

Narver and Slater’s (1990) model of 
regression is as followed: 

Y = β0+β1 F1+ β2F2 +...+ βnFn+εi(1) 

where: 

Y: is customers’ degree of satisfaction and 
loyalty. 

F1, F2,…,Fn: are factors (independent 
variables) affecting the customers’ degree 
of satisfaction and loyalty (Y). 
β1, β2, …, βn: are partial regression 
coefficients (in this paper, the authors 
utilized unstandardized coefficient. 

εi: is normally distributed error, its mean 
value is 0, the variance is stable and 
independent. 

 

 
Figure 1. Model of Market Response capabilities 

 

Customer responsiveness: 
Customer response capabilities are the 
abilities of an organization to serve 
customers’ need through its quick and 
effective activities. Customer response 
capabilities include two facets: professional 
customer response and speedy customer 
response [2].According to Stephen Haeckel 
and his colleaguesmany companies have 
changed from the traditional producing and 

selling strategies to new strategies of 
perceiving and responding[8]. 

H1.1 Response to company’s customers is 
an essential contribution to competence. 
Competitor responsiveness: 
Competing to response is the measure of a 
company’s abilities to meet the changes of 
external factors and incidents. The general 
capabilities of a company to meet the 
changes of external environment, especially 
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opportunities and challenges, are one way 
that leads to improvement in business 
performance assessment. The company 
needs to react to sudden changes in the 
outside environment with the presence of 
its competitors; sudden changes in 
economic and politic conditions, modern 
technologies, management, and 
re-organizing the partner’s relationships. Its 
upmost purpose is to improve business 
productivity by creating a competitive edge 
over potential competitors[8]. 

H1.2 Competitor responsiveness is an 
essential contribution to the company’s 
market response capabilities 
Responsiveness to the change of the 
macro-environment: 
The purpose of analyzing 
macro-environment is to determine the 
possibilities of risks that may get out of a 
company’s control. Once the analysis is 
complete, each company can figure out 
answers for the question “What will impact 
the entire industry’s development?” and 
“What influences the possibility of all 
factors that affect the company’s 
development?”; as well as tracking the 
macro-environment’s fluctuation (including 
elements such as law, economy, technology, 
nature, etc.). This help decreases expenses 
for customer, save time while intensifying 
safety and security for customers when they 
employ services [8]. 

H1.3 Adaptation to macro-environment is 
the essential contribution to the company’s 
market response capabilities. 
Relationship quality:is the degree of which 
a company can achieve the quality of  its 
relations with customer, supplier, 
distributor and relevant authorities. 
Long-term and high quality relations, 

portrayed by frequent communication 
between players of a distribution channel, 
will provide advantages for both sellers and 
buyers[3]. For a customer, a long-term 
relation with a supplier can decrease his or 
her chance of anxiety and risk, solve initial 
problems, and lead to special demands. 
Customers know what they can expect and 
the supplier’s reliability [8]. 
H1.4 Relationship quality of a company is 
an essential contribution to the company’s 
market response capabilities. 
Brand Loyalty:is the major part of a brand 
value. Aaker (1991) determined brand 
loyalty as additional attachment that 
consumers have for a brand. Oliver (1997) 
suggested that brand loyalty express as a 
long-term and stable commitment that the 
consumer will re-buy or re-use 
products/service of a company in the future 
when they are in need, even though the 
market’s impact can cause unexpected 
changes. Brand loyalty is also 
conceptualized based on positive attitude 
toward a brand, which means the trend to be 
loyal to a centered brand, proved by the 
intention to re-buy products from this brand 
as the first choice [4]. While the definition of 
brand loyalty based on behavior stated that 
the absolute customer loyalty is reflected 
through purchase intention; the definition of 
loyalty for a service brand is expressed when 
a customer continues to use that brand and 
remember it for future needs[5]. 

H2.1 Brand loyalty of a company results 
from its market response capabilities. 

3. RESULTS 
After inspecting the Cronbach alpha of each 
factor and confirming their qualification, 
the authors listed statistical parameters of 
each variable in the equation.

 

Table 1: KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .816 

Bartlett's Test of Sphericity 

Approx. Chi-Square 673.688 

df 105 

Sig. .000 
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The hypotheses are: 

H1: has correlation among the observed 
variables. 

H0: has no correlation among the observed 
variables. 

From table 1: The KMO = 0.816 > 0.5 and 
this satifies the conditions of factor analysis. 
In addition, Bartlett’s test has sig value of 
0.000 which is smaller than 0.05, therefore 
H0 is rejected, H1 is accepted. This mean 
that there was a correlation among the 
observed variables together. 
From Table 2, the authors have formed the 
regression model using functions as 
followed: 

Y=1.585+0.159*F1+0.171*F2+0.286*F3+ 
εi(2) 

Y:the degree of customer’s satisfaction 
expressed by 4 independent variables CUR, 
RM, COR and RQ. 

Based on the authors’ study, R2 (R Square) 
= 0.709, which means there is a variance of 
70.9% of customer’s satisfaction degree 
explained by the linear relation with 4 
factors CUR, RM, COR and RQ. 

Verifying the regression equation: 
Verifying the multicollinearity:To verify 
whether independent variables (CUR, RM, 
COR, RQ) have the multicollinearity 
relations with each other, we proposed the 
following hypotheses: 

H0: CUR, RM, COR, RQhave the 
multicollinearity relation with each other. 
Hr: CUR, RM, COR, RQdo not have the 
multicollinearity phenomenon. 

From Table 2, it was worked out that 3 
factors to verify CUR, RM, COR, and RQ 
indeed affected the customer’s satisfaction 
with the mean degree of 1%, the acceptance 
of tolerance is less than 1 and the VIFis less 
than 10. 

Reject H0, accept Hr, which meansthere 
was no multicollinearity between CUR, RM, 
COR, RQ 

Verifying F: After considering hypotheses 
of the presence of any linear relations 
between independent variable (Y) with any 
independent variables (CUR, RM, COR, 
RQ), the following hypotheses were 
proposed: 

H0: β1 = β2 = β3 = β4 = 0 
Hr: At least oneβj ≠ 0 (j = 1,2,3,4) 
Verifying t (Verifying hypothesis about 
regression coefficients):Verifying t would 
answer which independent variable (CUR, 
RM, COR, RQ) did not affect Y, which 
dependent variables (CUR, RM,COR, RQ) 
had the mean in explanation of Y’s variance 
and hence was showed in the regression 
model. The hypotheses are: 

H0: βj = 0 (j = 1,2,3,4) 
Hr: βj ≠ 0 (j = 1,2,3,4) 

The chosen mean degree was α = 0.05 
(5%), equal to the reliability of 95%. From 
Table 2, it was figured out that: CUR, RM, 
COR, RQ all had very small mean degree 
(sig.) value (<0.05). This indicated that the 
verified value is far away from the rejection 
area. With the mean degree of α = 5%, it 
was concluded that H0was rejected. Thus, 
CUR, RM, COR, RQ all had mean to 
explain Y variance. 

In addition, using the frequency 
histogram to test the standard distribution 
of residuals showed that residual 
distribution is approximately standardized 
(Small mean and Std. Dev. = 0.988, which 
is nearly 1). In conclusion, it was possible 
to state that the hypothesis of standard 
distribution was not violated.On the other 
hand, the residual histogram resembled the 
standard distribution the hypotheses were 
not violeted when running regression of 
independent variables. 

4. CONCLUSION 
This study provides additional support for 
the importance of a market orientation in 
banking service. The significant research 
objective is to identify the organizational 
processes that take full advantage of a 
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market-oriented culture. These, and many 
other issues concerning how businesses 
operationalize a market- oriented culture 
remain to be explored. In conclusion, we 
believe that this replication provides strong 
support for the existence of a positive 
relationship between market orientation and 

performance. Future research should be 
focused on the processes for developing 
and reinforcing a market-oriented culture 
and for implementing it through 
organizational structure, systems, 
capabilities, and strategies. 
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ABSTRACT 
The study was carried out in two of Tinh bien and Tan Chau district including Van Giao and Chau Phong in 
order to understand the real situation to develop community based tourism; identify factors affecting the 
development of community-based tourism and contributed to poverty alleviation in study side. The findings of 
the study will be the basis of scientific and practical help for tourism development has community-based 
efficient and sustainable. 

The results show that community-based tourism activities at Van Giao and Chau Phong, Tinh Bien and Tan 
Chau district, An Giang province is initial period, it has not developed effectively. So that, it has not contributed 
to poverty reduction for poor households to participate in community based tourism activities 

Key words: Community based tourism, poverty alleviation, Van Giao, Chau Phong, An Giang. 

Definition: Community - based tourism 

Community-based tourism has many definitions and different understanding. "Community based tourism is 
tourism that takes environmental, social, and cultural sustainability into account.  It is managed and owned by 
the community, for the community, with the purpose of enabling visitors to increase their awareness and learn 
about the community and local ways of life"(REST, 1997). 
 

1. INTRODUCTION 
Poverty alleviation is of a major concern for 
many developing countries. There is 
evidence that tourism contributes a lot to 
the economic growth of even countries with 
poor economies through foreign exchange 
earnings, creation of employment 
opportunities and provision of public 
revenues. In many countries around the 
world, tourism activities developed into an 
important economic sector of the country. 
In Vietnam, although tourism is still young 
but has developed rapidly both in quantity 
and quality, contributing to significant 
achievement for the national economy. 
Strategy of economic development - society 
of Vietnam, by 2020 tourism became a key 
economic sector of Vietnam. Therefore, the 
important task of Vietnam's tourism 
activities are not operating effectively, 
integrate with the development trend of the 
region and the world (Vietnam General 
Department of Tourism, 2008). 

According to Le Huy Ba (2006) 
Community tourism is a new form of 
tourism to protect and manage natural 
resources in a sustainable manner. What is 
tourism community? Tourism is community 
tourism and make creative by the 
community. Form of travel applies three 
main strategies: to further economic 
benefits to the poorest communities, 
increase the non-economic impacts, and 
facilitate participation of these communities 
(Phan Trung Luong, 2003). 

In the South of Vietnam, it can easily be 
recognized that there is an increase of 
residents and workers from busy cities such 
as Ho Chi Minh City and Can Tho are 
seeking rest and relax in the serene 
environment in rural areas. Furthermore, 
international visitors coming to Vietnam 
express their interest in touring the 
countryside and seeing “rural Vietnam” or 
“real Vietnam”, including the Mekong 
Delta. In recent years, many provinces in 
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the Mekong delta evolved homestay 
tourism such as Vinh Long, Tien Giang, 
Ben Tre (www.dreamlandtravel.com.vn). 
Homestay tourism not only attracts foreign 
tourists but also receives local tourists. It is 
considered specific tourism product of the 
Mekong delta (Thuy Trang, 2008) with 
diversified natural recourses and cultural 
life. Being considered a center of tourism in 
the Mekong delta, An Giang province has 
39 sites and 6 different types of tourism 
such as: Community-based tourism, cultural 
tourism, belief tourism, natural tourism, 
festival tourism and etc. According to the 
Seventh Party Congress of An Giang 
province, the economic structure in An 
Giang will be changed, where the most 
important emphasis of agriculture sector 
will be replaced by tourism and service 
sector. However, although tourism is 'the 
world's biggest industry ever - but poorly 
managed for the environment' 
(www.oceansatlas.org). So, the aim of this 
study is to look for promising rural tourism 
styles that are most suitable for the poor in 
An Giang province.  

1.1 Research objectives: 
- To understand the real situation to 

development community-based tourism 
in Van Giao and Chau Phong of An 
Giang province 

- To identify the factors that affect the 
community-based tourism and 
contribution of the community-based 
tourism for poverty reduction tourism in 
Van Giao and Chau Phong s of An 
Giang province 

- To suggest recommendation on 
appropriate policies for the development 
of rural tourism community (for policy 
makers, local authorities and also for the 
households themselves) that can be used 
for developing sustainable rural tourism 
in the future. 

1.2 Research questions: 
- Who do the poor participate in the 

community-based tourism in Van Giao 
and Chau Phong? 

- In what ways do the poor participate in 
the community-based tourism economy? 

- What is factors influence community-
based tourism? 

- What is contribution of community-
based tourism to poverty alleviation? 

- Is community-based tourism a good use 
of poverty alleviation? 

1.3 Scope and limitation: 
The research also has the following 
limitation: 

- This research did not have the objective 
of studying in deep analysis indicators of 
environmental impact community-based 
tourism. 

- This research is only study in two sites 
in Chau Phong and Van Giao, Tan Chau 
and Tinh Bien district, An Giang 
province. 

2. RESEARCH METHODOLOGY 
To achieve objectives provided, the study 
was analyzed and synthesized from 
different information sources. Field survey 
was conducted from January 2009 to 
December 2009 at Chau Phong and Van 
Giao, Tan Chau and Tinh Bien district, An 
Giang province. Based on the research 
objectives and research questions, this 
study was used combination of qualitative 
and quantitative methods which include the 
following: 

Key informant: Key people who know 
well about the situation of community 
based tourism development in An Giang 
province were interviewed at the three 
levels as province level (Department of 
Culture - Sport - Tourism, Department of 
Planning and Investment, Department of 
Natural resource and Environment, Centre 
of Travel - Service - Investment), district 
level (Committee, Office of natural 
resources and environment, the agency of 
tourism, travel and hotel) and commune  
level (committee, Center of community 
based tourism information). 
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Group interview (Participatory Rural 
Appraisal): There were four meetings have 
been done at two sites and each site included 
two groups as (i) people who are directly 
involved in the community-based tourism, 
(ii) who participate indirectly in the tourism 
services community and the participants in 
each target group were around 5 -7 local 
people.  The list of two groups suggested 
and discussed from People’s committees. 
These tools are used such as: Resource 
mapping, Times line, Ranking, Problem tree, 
Venn diagram, SWOT. 

Household interview: The information 
collected from the previous steps was used 
for designing questionnaire, and then it was 
tested, edited and used widely. Based on the 
numbers of household participate indirectly 
in the tourism services community, 69 from 
180 households of two sites were used and 
the interviewee were selected randomly. 
Microsoft Excel was used to analysis the 
data was used to write the report. The report 
content must be met the research objectives. 
All the information collected at these steps 
above was represented in different ways in 
the report. 

3. RESULTS AND DISCUSSION  
3.1 The real situation to development 

community-based tourism in 
research areas 

The real situation and potential 
development community-based tourism 
in Chau Phong, Tan Chau district, An 
Giang province 
According to Mr. Sa Yet, Chairman of the 
community based tourism information 
center in Chau Phong, the Cham people 
often lived in the cluster along rivers. The 
men catched fishes, the women were 
confined to the house so their job was 
suitable with weaving. About 10-12 years 
old, the young woman has to know the 
easiest task of weaving. Textile products of 
the Cham people present in most Southeast 
Asian countries such as Cambodia, Laos, 
Thailand, Myanmar, Malaysia, Indonesia, 
and India and weaving village in Chau 

Phong is prosperous. According to survey 
results (PRA, interviewing households) 
since 2000 the tourists, researchers have 
visit the weaving village of Phum Xoai to 
find out the life, customs and practices of 
Cham people. 

In 2008, to implement the Mekong sub-
region tourism development project 
supported by Asian Development Bank 
(ADB), the community based tourism 
information center in Chau Phong was 
built. This is an initial step of community 
based tourism activities in Chau Phong. The 
aims of the center are Cham village 
popularization; introduction, discussion and 
exchanges national culture; contribution 
with homestay “being Cham people in one 
day”; the most important things are to give 
a chance doing tourism for Cham people, 
improve their living life, development of 
traditional embroidery and weave. 

The real situation and potential 
development community-based tourism 
in Van Giao commune, Tinh Bien 
district, An Giang province 
Van Giao is a poor and highland of Tinh 
Bien district, An Giang province. Most of 
people in Van Giao are Khmer people 
(77.63%), beside cultivate rice, raising 
animal (cattle, pig, duck and chicken) they 
also have traditional trade village as sugar 
palm process, weave. There are six of ten 
households participating in serving tourist 
as: homestay (2 households), horse-drawn 
carriage (2 households), sugar palm process 
(1 household) and weaving (1 
household).When the project deploy, the 
households who participate with this 
community based on tourism are training 
the skills for serving, cooking and visiting 
homestay in Long Ho district Vinh Long 
province. The homestay model is also 
located in Van Giao as a pilot tourism site.   

However, according to the result of 
household interview and observation of 
research group, this homestay has not any 
tourist come and stayed except for trader 
form Cambodia who come and collect 
weave products. The homestay is as a halt 
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site for the tourists visit the traditional 
weave. The other is in Mang Ro hamlet, this 
homestay has more tourist than, however, 
the tourists are also little. According to Pham 
Van Lanh, Chairman of Van Giao, tourism 
based on community is the new model of 
tourism and development in recent years. 
Mr. Chau Kim Sary, Chairman of Farmers 
Council  in Van Giao , said that since the 
community based tourism present in Van 
Giao, the house and road traffic are 
upgraded, Lifestyles, ways of 
communication, awareness of environmental 
protection in the community ethnic Khmer 
in Van Giao  has pronounced changes. 

3.2 The factors affect the community-
based tourism and contribution of 
the community-based tourism for 
poverty reduction tourism in Van 
Giao and Chau Phong  

Natural elements 
The PRA results showed that Van Giao and 
Chau Phong has potential and strengths of 
natural beauty, historical, cultural traditions 
of a land of traditional villages has created 
attractive features for many tourists to visit, 
but the investment and exploitation is not 
adequate to its potential. 

Infrastructure elements  
The PRA results also showed that the 
means and facilities at points served 
community based tourism also lack and 
limitation; lack of association, cooperation 
in development assistance; product tourism 
also monotonous. There was no activities 
and entertainment to prolong the stay of 
tourists. Transport system was relatively 
convenient to create conditions for tourism 
development in general and tourism 
development community in particular in 
study side. The main road has been 
upgraded and repaired for the lives of 
people in the town. All of households in 
community tourism models were used 
electricity, clean water, and other media 
contacts. However, to better service and 
meet diverse needs of visitors, , entice 
visitors back to the point of service should 

be equipped with some means of modern 
information and communication as digital 
television, internet connection, but it is 
important to focus not disrupt rural 
character of the countryside. 

Elements of human resources 
Results from group discussions showed that 
human resource activities in the field of 
tourism were weak and lacking. There was 
no local guides, English level of tourism 
participants is low; source of visitors not 
stable, depending on the company business 
travel; the role of the tourist information 
center community has not been promoted, 
not really the point to mount the providers 
of tourist services community. According to 
the results in-depth interview (2009), staff 
management is low education level which 
50 % of them had high school degree and 
the remain was secondary degree, so their 
ability to express foreign language with 
foreign guests were limit and also not really 
promote the potential availability of it. In 
the future, the center-oriented staff will take 
some training classes specialized 
professional travel by An Giang tourism 
organizations attended classes improve 
foreign language communication, the 
detailed knowledge about the museum, 
most trips enhance professional learning are 
central funding support. 

Elements of financial resources 
The PRA results showed that lack of capital 
should not make the most of natural 
resources, they have not created specific 
products to attract tourists, and this finding 
is similar to the study of Susan Dunn 
(2007). According to Pham Van Than 
(Chairman of Chau Phong, 2009),  tourism 
is based on new community development 
some years but now no policy support for 
the loan of this household, the tourism had 
attracted many tourists because of  the  
monotonous  landscape, yet varied 
products, but could not “keep foot” visitors 
and guests of instability depends on travel 
agents operating. He also said that although 
the tourism community-based model helps 
reduce poverty locally, create jobs, and 
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generate income for the people but this 
model is not operating efficiently, not 
attracting tourists, infrastructure weak, staff 
culture is not primarily through training, 
resources depends on tourist travel 
companies travel to deliver. 

3.3 The difficulty people involved 
community based tourism activities 
in Van Giao and Chau Phong, Tinh 
Bien and Tan Chau district, An 
Giang province 

Figure 1 shows that the difficulties of the 
people involved in tourism activities is a 

source of community capital, next to that 
they do not know how to contact with 
tourists - especially foreign guests how and 
finally the characteristics of ethnic, not 
comfortable, more confident tourists. In 
particular, which is difficult, but most people 
involved in tourism communities encounter. 
Due to lack of capital they can invest to 
develop models and procurement of 
supplies, facilities to serve customers better, 
can not expand production to create many 
unique tourism products. These findings are 
similar to the study of Pham Thi Mong Hoa 
and Lam Thi Mai Lan (1999). 

The difficulty of community based tourism activities
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Figure 1. The difficulties of people who involved community based tourism activities 
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3.4 Sources of production form 
households in Van Giao and Chau 
Phong, Tinh Bien and Tan Chau 
district, An Giang province 

Figure 2 and Figure 3 show that types of 
production in the two s mainly textiles 
(over 70%), while other activities produced 
almost up very little. In particular, 
households directly involved in tourism 
activities constitute community rate is very 
low, only 8% in Chau Phong, 15% in Van 
Giao with types of activities such as 
homestay, horse-drawn carriage, palm sugar 
production and other participating 
community based tourism. These findings 
are similar to the study of Pham Thi Mong 
Hoa and Lam Thi Mai Lan (1999). But 
these findings also are different to Pham 
Thi Mong Hoa and Lam Thi Mai Lan that 
community-based tourism has not really 
contributed to poverty reduction. 

3.5 Effect of community - based tourism 
on poverty alleviation in study sites 

Although, Chau Phong and Van Giao have 
potentials for tourism development: 
traditional trade villages, ethnic with special 
culture, religion, house, food, living style, 
and mosques or pagoda, the tourists come 
and stay at these sites are still low. 
Mr. Pham Van Than, Chairman of Chau 
Phong People's Committee, said that 
community-based tourism is a model that 
help to reduce poverty in some areas,  it 
creates jobs, generates income for the local 
people and restores and preserves the 
traditional trade, national culture. But in 
Chau Phong, the activities of this model are 
not efficient. The reasons that can not attract 
the tourists are weak infrastructure, lack of 
entertainment areas, deficient cultural 
officials, and the number of tourists also 
depends on the travel company. In addition, 
bureaucracy of administrative formalities in 
management foreign visitors, they are not 
allowed to stay at local houses, so the 
tourists have to stay at Chau Doc town.  
In summary, the establishment of 
community tourism in Van Giao and Chau 

Phong s is based on traditional trade village 
of ethnic people. It is also initial period of 
tourism activities, tourism stakeholders and 
local officers are lack of experience for 
action and management, this tourism is not 
efficient. So it is not contribution in poverty 
alleviation in study sites. 

4. CONCLUSIONS 
Community based tourism development in 
Chau Phong and Van Giao s are in the early 
stages, with spontaneous and calculated 
based primarily on the development of 
traditional craft villages for tourism 
development, there are no surveys assessing 
potential specifically to make planning a 
system. The community tourism in Van 
Giao and Chau Phong still has some limits:  
- The project have not participated with 

local people in the investigation, survey 
assessment of strengths, weakness, 
opportunities and challenges for 
appropriately planning tourism 
development. 

- The amount of visitor’s unstable, 
activities for visitors (diet, rest, travel ...) 
depends on the travel companies. Tourist 
spots (especially in Chau Phong) is 
where tourists come to visit, also 
Catholic social literature occasionally a 
few tourists stay back at homestay. 

- The infrastructure for tourism weak, 
roads, traffic has not been upgraded, a 
few tourist spots sanitation is not 
guaranteed 

5. RECOMMENDATIONS  
For community based tourism information 
center community based in Van Giao and 
Chau Phong, Tinh Bien and Tan Chau 
district, An Giang Province 
Increase operating outside the function to 
provide information about community-
based tourism, but also to mount points 
provides travel together. 
Equipped with knowledge of community-
based tourism, improving command of 
foreign languages, ability to communicate 
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with foreign visitors with explanations staff 
travel in the center. 
Links to travel company’s active source of 
tourists for services at community-based 
tourism and open the site to promote forms 
of tourism marketing community to 
visitors. 

For the local authorities in Van Giao and 
Chau Phong, Tinh Bien and Tan Chau 
district, An Giang Province 
Need more the interest and encouragement 
policies like people to participate more 
about this form of tourism, contribute to 
creating jobs, increasing incomes and 
reducing poverty in local government. 
Need more interest points provide 
community-based tourism on the issue to 
ensure order and safety for tourists to visit 
and sleep overnight at the people. 

For tour operators tourism business in the 
province of An Giang 
Promotion and marketing tourism 
community in Van Giao and Chau Phong to 
visitors in all forms: flyers, leaflets, posters, 
radio, television and on the website of the 
company. 
Support knowledge, helping the tourist 
information center and community services 

at the service of tourists, a bridge between 
visitors with places to visit. 

For the service providers at community-
based tourism in Van Giao and Chau 
Phong , Tinh Bien and Tan Chau district, 
An Giang Province 
Strengthening, equipment knowledge about 
tourism and community capacity in terms 
of foreign providers of tourist services, can 
grow to form "at each visit will be people 
directly explanations for with tourists in 
English. 
Link the points involved provide 
community-based tourism together, to 
create a convenient support, share 
experiences and help each other to operate 
community-based tourism. 

Households tourist activities based on 
community need to increase investment, 
based on the availability of family to 
develop into a model for tourist visitors can 
choose according to their interests as a 
model with the same farmers, the farmers 
gardeners, the participants produce or 
cooking with their families ... to retain 
visitors longer. 

Points to community-based tourism should 
also ask the authorities to create a sense of 
support and safety for tourists. 
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ABSTRACT 
This article will analyze and clarify the context of developing green technology; activities and solutions which 
are using to expand green technology around the world. From that, look into the actual situation about promoting 
green technology in Vietnam and solutions oriented to develop green technology in the near future. Clarification 
on the above problems of green technology which is considered a strategic priority economic of all countries, 
including Vietnam, also answering the question about future of world economy in XXI century. 

Key words: green technology, economic, Vietnam and the World, development… 

 
1. THE CONTEXT OF GREEN 

ECONOMY DEVELOPMENT 
In the early XXI century, humanity faces 
many challenges, which are greatly impacts 
on many areas of social life, particularly in 
the economic field – the determiningfactor 
in national development. Many issues are 
set out in the new century. According to 
study recently, 80% of the energy demand 
worldwide particularly the fossil fuels (oil, 
gas, coal) are depleted in the next 60 to 100 
years1. 

Energy needs of the world is increasing 
rapidly due to the demand for energy use 
and investment in developed and 
developing countries, mostly in the new 

1 According to the figures from Environmental Work 
Group (EWG) locating in Germany, there are around 
1.255 billion cans of underground energy, which are 
enough for people to use in the next 42 years. With 
the speed of exploitation today, within the next 30 
years, the sources of underground paraffin oil will 
decrease significantly and will become exhausted 
within the next 50-60 years. Meanwhile, according 
to International Energy Agency (IEA), coal and 
natural gas reserves now remain around 909 billion 
tons and will become exhausted within the next 155 
years. Online: http://www.tapchicongsan.org.vn, 4 
April, 2008. 

consumption centers emerging as China, 
India, industrialization process in 
developing countries while there are still 
limiting alternative energy resource, rapid 
population growth, making the world oil 
demand growing rapidly2. On the other 
hand, resource contention issues and energy 
security in the world is also make the global 
energy problem more difficult to solve. In 
order to solving the problem, the solution 
was made to develop new, clean 
technologies. 

Especially the issue of climate change with 
the reducing of CO2 emissions in recent 
years require increasingly urgent for the 
development of clean technology, green 
technology. The global economic crisis in 
2008 was the explosion of contradictions 
mentioned above; it is not only a financial 
crisis, but also the energy, food crisis and 
the crisis of poor growth mode 
sustainability at the global level.  

Global economic recession, energy 
shortages serious, climate change and its 
serious consequences to the economic life - 

2 Vo Minh Tap (Co-author), Sustainable Energy 
Development, Publising Houese for Science and 
Technology, Hanoi, 2013, p.55. 
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human society... all factors that lead to the 
development of clean technology. 

Development of green technology has 
become a urgent needs, as a priority 
strategy to cope with the crisis and after the 
economic crisis in many countries 
According to experts, green development 
strategy has become a turning point for the 
recovery of the global economy and also a 
new impetus to the promotion of global 
economic sustainable development. The 
United Nations also said that economic 
policy is clear development path required 
by the global economy in the future. 

2. WHAT IS THE GREEN 
TECHNOLOGY? 

In general, green technology is the activities 
aimed at two purposes: (1) reducing the 
toxicity of old technology, (2) creating new 
technology environmentally friendly and 
does not cause more harm to the 
environment. Green technology is the 
technology used primarily renewable 
energy, bio-energy, reducing consumption of 
gasoline, oil and reducing CO2 emissions. 

The goal of green technology is geared 
towards the sustainable economic 
development. Green technology is 
considered important technological quality, 
not quantity, enhance valid for use not only 
enhance the value and money... 

The fields of green technology platform 
are: clean energy and clean technology, 
energy efficiently, reducing the energy 
which cause environmental pollution, build 
housing with clean material, set 
transportation systems and infrastructure 
which are environmental friendly, 
sustainable agricultural development… 

3. GREEN TECHNOLOGY  
DEVELOPMENT IN THE WORLD: 
ACTION AND SOLUTIONS 

In the context of the post-crisis global 
economy, leaders of countries around the 
world are trying to find a new growth 
impetus for the economy, in order to 
quickly overcome the economic downturn, 

conversion growth model and restructuring 
the economy. New energy field has been 
selected as the key to open up an outbreak 
period of new economy. 

At international level, the 16 Conference of 
the Parties (COP 16) in 2010 in Cancun 
(Mexico) suggested an idea of “intergrating 
green growth in economic activities” to 
cope with climate changes and energy 
crisis. At the first Global Green Growth 
Forum–3GF in Copenhagen in Denmark 
(October 2011) with the main target is to 
encourage green growth through public and 
private mechanism among government and 
coporate sector and at the Summit Rio+20 
in 2012 together make an agreement about 
green growth. All of 30 international 
speciality organizations directly under 
United Nation, which was the result of the 
combination of  UNEP with top countries in 
the global green wave such as Japan, China, 
Korea, EU, especially Germany and 
Nothern Europe countries, together release 
the message “The World Community should 
quickly shift to a global green economy to 
save the Earth and humanity”. 

In America,  U.S. President Barack Obama 
regarded the new energy policy 
development is an vital means to revive the 
U.S. economy. He wanted to rely on the 
economic recovery by development of 
green energy sources. He said that any 
countries move first in the establishment of 
a clean energy economy will take control of 
the economy in the twenty-first century3. 
In Europe, energy consumtion and gas 
emission come from 3 main industries: 25% 
from industry, 30% from transportation and 
30% form household electric devices and 
commercial4. Therefore, EU works as 
pioneers in developing green technology 
and green ecnomy. In 2013, EU deployed to 
build clean technology and green economy 
in all EU27, Germany is in the lead – the 

3 Brack Obama, New energy policy of Brack Obama, 
Politique International Journal, No. 125, 2009. 
4 Online: Sustainable Development with green 
technology, http://www.tienphong.vn/Kinh-Te/phat-
trien-ben-vung-voi-cong-nghe-xanh-697346.tpo 
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country builds the first strategy of green 
economy in the world. Germany also makes 
an effort to become industrialized power in 
the world using 100% renewable energy in 
2050. In 2010, England is marked as the 
country with large development of “green” 
technology with from electric car to wind 
farm and solar energy plane. In England, 
households, which use green energy 
resources with small scale as installing solar 
panels instead of turbine, will receive up to 
1.000 pounds per year for the electric energy 
created from those green energy resources. 
Wind farm with 8 lines of turbine with total 
up to 100 turbine create capacity around 
300MW, which may supply enough 
electricity for around 200.000 households. In 
September 2010, 9 contries: Germany, 
France, Belgium, Netherland, Luxembourg, 
Denmark, Sweden, Ireland, and England 
begin to deploy the project “super electric 
grids” renewable energy. They will exploit 
“clean” energy around North Sea–North 
Atlantic Ocean like solar energy, wind 
energy and wave energy. Once this project is 
successful, it will be an important first step 
to continue to accomplish engage of Europe 
United (EU) which states that trying to use 
20% renewable energy resource in 20205. 

In Asia, Korea, Japan, China, ASEAN do as 
pioneers. China which has largest 
developing economy in the world has 
become a big player in the green technology 
revolution. China made an investment plan 
about 738 billion USD to develop clean 
energy from 2011 to 2020. At the end of 
2007, China decided to take 774 million 
USD to invest in saving energy project, 
closing 2000 factories which directly harm 
the environment (August 2010). China made 
an argeement for the world to reduce gas 
emission around 40-45% in comparison with 
2005, building Green Economic Zone. In 
2010, China also invested 49 billion USD 
for green economy. At the same time, to 
have green development, China also carried 
out clean revolution, green revolution, high 

5 Online: : http://www.theguardian.com/world/series/2010-
in-review  

technology revolution,… In recycling and 
renewable energy, each year, China received 
17 billion USD and created job for 10 
million people6. Ms.Wu Changhua, Director 
of non–govermental evironmental 
organization in China states that: new energy 
is seen as a motivation of new growing cycle 
of the economy in the world. There is no 
doubt about it… Like the changes which 
information technology, outer space and 
nuclear bring to the world after the previous 
technology revolution, new energy will 
decides the future of the world7. In Korea, 
from 2008, Korea used 80% from economic 
stimulus package (around 38,1 billion USD) 
to use in shifting from brown to green 
economy. Nation strategy about “green 
growing, low carbon” of Korea define the 
proportion of renewable energy in total 
energy supported is 2,7% (2009), 3,78% 
(2013) and more than doubled up to 6,08% 
(2020); in 2010, Korea announced “Strategy 
of developing green industry”, financing is 
designed to use 81% for the aim shifting 
growing model, top of the world, being a 
head of EU (59%), China (38%). For 
example, using 10,5 billion USD investing 
in improving the river, 5,8 billion USD in 
using energy effectively, 1,8 billion USD in 
growing forest8,… Korea also invested 
around 40 billion USD during 4 years 
(2008–2012) to develop industry and green 
technology with general spearhead industry. 
The government also builds “green 
transportation” system, including railway 
which releases low carbon and 3.000 km 
bicycle trails around four green river, as well 
as sets the medium term goal to decrease gas 
emission which cause greenhouse effect 
down to 30% before 20209. From 2003, 

6 Tap, Vo Minh (Co-author, 2013), Green growth in the 
Era of Globalisation, Publishing Economic, pp.70. 
7 Changhua, Wu, New Energy: Key era of economic 
boom, Economic news, Vietnam News Agency, 15 
September 2009. 
8 Werner Pascha (2010), South Korea’s Economic 
policy response to the global Economic crisis – A 
Comparative perspective, Feiburg, 20-22 September 
2010, pp.20. 
9 Tap, Vo Minh (Co-author, 2013), Green growth in 
the Era of Globalisation,...pp.70. 
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Japan enforced “Strategy of biomass 
energy” and built biomass city. In 2009, 
there were 208 cities and in 2010, there were 
300 cities which win this title. In 2008, 
Japan made a plan of “Action plan for a low 
carbon society” like producing solar energy, 
taking the best position in the world with the 
aim of increase 10 times in 2020, 40 times in 
2030, developing new car generation, 
implementing life style of reducing CO2, 
reducing using fossil fuels, and saving 
energy aim to decrease green house gas 
emissions, saving the economy and civil in 
case of rising the price of energy. Japan 
promoted to produce and use non–fossill 
fuel energy including renewable energy and 
nuclear energy. Because of the changes in 
situation of the world, region and domestic, 
Japan’economy has sluggished and recession 
would last long. Japan made “New growing 
strategy”, reconstructing the economy 2011–
2020 with 7 fields and 21 national projects, 
among them, green changing and growing 
are the mosturgent with the aim of creating 
the demand around 50 billion Japanese yen 
and 1,4 million jobs through developing and 
publicing green technology to reduce green 
house emissions gas 25% in 2020. To 
implement effectively green growing, Japan 
made some solutions such as setting clear 
price for releasing carbon, strengthening 
using environmental taxs, developing 
renewable energy, abrogating subsidy for 
fossil fuels and taxs amount10… 

ASEAN gave out General Statement (July 
2010) giving out growing model “lowing 
carbon – green growing” and promoting 
coporating energy with East Asia region, in 
there, taking most care of Clean 
Development Mechanism (CDM), 
developing millitary nuclear energy…to 
limit negative effects of climate changes. 
Nowaday, ASEAN countries are 
concentrating in investing and innovating 
energy technology to increase energy 
productivities. Applying technology of 
simultaneous producing energy (at the same 

10 Tap, Vo Minh (Co-author, 2013), Green growth in 
the Era of Globalisation, … pp.71. 

time producing both electricity and heat 
from a raw material) which is applying 
effectively in Thailand, Indonesia, 
Malaysia,… 

At Asia – Europe Meeting (ASEM) at 
Hanoi (Octorber 2011), many countries 
gave out ideas, green stable developing 
models; experiences of building institution, 
policy, legal corridor to promote green 
growing, and state that green growing is the 
solution helping the world overcome 
serious challenges of economic crisis, 
population explosion, exhaustion of natural 
resources, declining biodiversity, 
environmental pollution, and climate 
changes. The forum promoted, oriented the 
policy of Asia – Europe of green growing, 
ASEM promoted green growing model 
aiming to action to greening ASEAM to 
become nuclear for the process of greening 
the world economy. 

At Asia – Pacific Economic Cooperation 
(APEC) closing at November 13, 2011, 
Hawaii, America, APEC leaders passed 
Honolulu announcement, in there, APEC 
defined solving regional environmental and 
economic challenges byshifting to green 
economy, low carbon, increasing energy 
security and creating new resources for 
economic growing and jobs. In 2012, 
APEC developed environmental catalogue 
(green products) and decided to decrease 
tax for those products in the end of 2015. 
APEC will remove non–tariff barriers 
including requirements of localization ratio 
with services and environmental products. 
To promote aims of green growing, APEC 
will implement some methods such as 
decreasing 45% energy intensity of APEC 
in 2035 in comparison with 2005, 
combining developing strategy about 
releasing low carbon with ecnonomic 
growing plan through Low Carbon City 
Form project11. 

According to SHBC estimates (as of early 
2009), the investment for green 

11 Available at: Viet Nam Government Portal, 
Vietnam, http://www.chinhphu.vn    
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development accounted for 14% of total the 
stimulus package globally, with a focus on: 
building house which use energy efficiency, 
alternative energy and renewable, transport 
energy saving, sustainable agricultural 
development, water use efficiency. 

Besides investments from the stimulus 
package of the government, the country 
focus on using leverage measures, 
particularly carbon taxes and fees, 
including the USA, the EU... This will 
cause discharging emission more expensive 
and will increase the pressure on polluting 
industries, encourage investment and 
consumer cleaning products. For example, 
to encourage energy saving in transport, 
many countries are adopting fuel taxes 
(such as Poland, Sweden ...); tariff quota 
licenses and vehicles (such as the EU, 
Japan...). In addition, several countries are 
going to make land planning at urban and 
rural such as China, India, changed 
Environmental Law towards improving 
environmental standards, recycling 
regulations in some sectors, environmental 
labeling for agricultural products... 

4. OBSTACLES IN GREEN 
TECHNOLOGY DEVELOPMENT 

The implementation of green technology is 
not the immediate solution, but a long-term 
solution. The transition to green technology 
is very difficult, not simple . The transition 
to clean energy still must overcome many 
obstacles: 

(1) In terms of infrastructure. Electric 
power supply network from 50 to 100 years 
old need to change to be able to use all the 
alternative fuels; 

(2) Energy technology is a difficult 
problem, turn wind power into energy is 
technology was relatively complete but still 
has a lot to do with the different types of 
renewable energy such as solar, geothermal, 
bio-energy...;  

(3) The cost to implement green 
technologies is very large, it requires a huge 
financing costs of countries. Implementing 
green technologies also touching forces are 

benefiting as oil companies, coal, cars, 
insurance... For example, one of the first 
factors that may hinder the intent of 
President Obama's green technology is the 
powerful influence of coal and oil groups;  

5. VIETNAM WITH GREEN 
TECHNOLOGY AND POLICY 
IMPLICATIONS 

During more than 27 years of innovating, 
Vietnam’s economy reached a quite 
impressive grow rate, this also cause a large 
demand of energy. According to forecast, 
the grow of energy demand in Vietnam is 
8,1 – 8,7% in (2001 – 2020). Then, energy 
demand in industry increases significantly: 
from 4,36 million tons TOE (3) (2000) up 
to 16,29 million tons TOE (2010); 23,74 
million tons TOE (2015) and 33,12 million 
tons TOE (2020). Rate of using energy of 
Vietnam is twice as big as regional 
countries in Asia. To create 1.000 USD 
GDP, Vietnam use around 600 Kg TOE, 
1,5 times higher comparising with Thailand 
and twice higher comparising with the 
average amount of the world. In 2010 – 
2020 the energy demand of Vietnam will 
increase 3 times. Vietnam is facing with 
depending on importing energy12. 

Scientists claim that Vietnam is one of 
countries which are most affected 
negatively by climate changes. Now, 
natural disaster – related damages each year 
take 1,5% GDP of Vietnam. In 2100, 
average temperature in Vietnam will 
increase around 2,30C,sea level increase 
around 0,74 m. According to estimation of 
Asian Development Bank (ADB), average 
damages of climate changes in 4 countries: 
Indonesia, Philippines, Thailand, and 
Vietnam may be 6,7% GDP in 2100, twice 
as big as the world’s rate. According to 
estimation of World Bank, Vietnam is one 
of 12 countries which are most affected 
negatively by increasing sea level because 

12 Quang, Vu Nhat (2014), Solutions to ensure energy 
security for Asia, Available at: 
http://nangluongvietnam.vn/news/vn/an-ninh-nang-
luong-va-moi-truong/giai-phap-dam-bao-an-ninh-nang-
luong-cho-khu-vuc-chau-a.html, 23 April 2008. 
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of climate changes, around 16% areas, 35% 
populations, and 35% GDP of this country 
may be damaged seriously if the sea level 
increase 5 m13. If Vietnam do not shift to 
develop clean technology, lowing CO2 
technology, the risk from environmental 
pollution and climate changes will be 
unpredictable. Deploying using energy 
effectively and applying low carbon 
technology on large scale can stabilize CO2 
of Vietnam untill 2030, reducing by half 
domestic environmental fees, strengthening 
energy security without negative effects to 
growing. In the present and future, Vietnam 
has a lot of advantages to develop green 
technologies and aim to stable development 
of economy. Vietnam is country locating in 
central of Southeast Asia with tropical 
monsoon climate with a lot of sunshine, 
wind, and rain, natural conditions are very 
appropriate to develop renewable energy 
with 2.500 MW biomass, small hydro 
electric power at 7.000 MW, wind 
electricity at 3.000 MW… However, the 
ability of exploiting those energy resources 
is low with around 150 MW biomass, 1.100 
MW small hydro electric power, 55 MW 
windelectricity has been exploited14. 
According to World Bank (WB), 
potentiality of wind electricity of Vietnam 
is top of Sountheast Asia with total capacity 
estimated around 513.360 MW (10 times 
higher than electricity demand in 2020). 
Wind power is the most important source of 
electricity and will be develop up to 1.000 
MW (2020) and 6.200 MW (2030). 
Electrical energy producing from wind 
power takes from 0,7% (2020) to 2,4% 
(2030). Next, other renewable energy such 
as heat power from solar energy (the most 
additional, active, cleanest, cheapest 
electric sources comparing to gas 
electricity, diesel, nuclear), photo– electric, 

13 Available at: The Steering Committee for Climate 
Change Mitigation and Adaptation (Vietnam), 
http://occa.mard.gov.vn. 
14 According  of Mr.Nguyen Duc Cuong - Director, 
Centre for Renewable Energy and the Clean 
Development Mechanism, Institute of Energy 
Science, Ministry of Industry and Trade. 

tide, geothermy, biomass, biodiesel 
combining gas electricity, coal–fired power, 
hydro electric power15. However, according 
to estimated, Vietnam will need around 130 
billion USD in 2010– 2030 to invest in 
energy industry, in there, 65,5% will be 
used for development of electricity. 
Besides, oil and gas are also one of the top 
priorities in Vietnam. To make that a 
reality, Vietnam needs to continue to 
attrack technology investigation, especially 
exploration and exploition technologies. 

Model of economic development in 
Vietnam over time primarily developed in 
width, based on the exploitation of natural 
resources, raw materials and semi-
processed. Therefore requires urgent to 
switch to the model developed in depth, 
using clean energy. Thus maintain 
economic growth, reduce climate change, 
strengthen energy security are posing an 
urgent need for green technology 
development in Vietnam. In addition, the 
potential of new and renewable energy in 
Vietnam is very large, so the diversification 
of energy supply in Vietnam is necessary 
and urgent. 

As the above analysis of the role and 
significance of green technology is huge, 
not only at national level but also at the 
global level, which is focus on sustainable 
economic development in the future. The 
trend in green technology around the world 
opens up opportunities for Vietnam to go 
straight to proactively develop green 
technologies and the green economy, but 
also create lagging behind further if 
Vietnam don't seize opportunities. 

For developing countries like Vietnam, the 
pursuit of a new economy, with innovation 
technology needs are becoming the major 
task. Therefore, development issues and 
sustainable green technology should 

15 Binh, Pham Thi Thanh (2014), Growth Economic and 
Vietnam ‘s energy security issues, Available at: 
http://nangluongvietnam.vn/news/vn/an-ninh-nang-luong-
va-moi-truong/tang-truong-kinh-te-va-van-de-an-ninh-
nang-luong-cua-viet-nam.html, 27 March 2014. 
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become a strategic priority in Vietnam's 
economic development for next decade. 

Economic Development Strategy - Social 
2011-2020 of Vietnam has emphasized the 
importance of developing green 
technologies and the green economy: focus 
on the development of green economy, 
environmental friendly. Perform sustainable 
production and consumption, step by step 
development of clean energy and clean 
production16. At the Asean Ministers on 
Energy Meeting conference of South East 
Asia (AMEM 28) in Vietnam dated 27-7-
2010, Prime Minister Nguyen Tan Dung 
emphasized further cooperation in ASEAN 
to promote power projects, oil and gas, 
energy efficiency, renewable energy, clean 
development mechanism. Deputy Prime 
Minister Hoang Trung Hai emphasized the 
exhibition opening remarks green 
technology Green Biz 2009 and conference 
on environmental solutions business of 
European green for Vietnam in Hanoi that 
day 17-9-2009, Vietnam government 
consistently advocated economic 
development - society must be associated 
with environmental protection, applaud and 
encourage the exchange of experiences, 
collaborative research, development and 
application of green technologies with 
foreign partners, including Europe, one of 
the most development technology center in 
the world. 

In 2007, the Energy Development Strategy 
of Vietnam country until 2020 and vision to 
2050 approved.  Law saving energy use in 
2010... As such, revolution transition to 
clean energy demand asked Vietnam to 
make significant domestic policy and 
deploy institutional reforms. However, in 
policies, programs and strategies for energy 
in Vietnam has not mention about reduce 
using technology which is exhaust the 
carbon emissions, carbon charge, and the 
specific tasks in development sources of 
renewable energy.  

16 Communist Party of Vietnam (2010a), The draft 
of economic- social development strategy  2011 – 
2020, Ha Noi, Vietnam, 24 October 2010, pp.45. 

In 2011, Vietnam deployed building Green 
growing strategy (2011–2030) and 
forecasting 2050. This strategy is the 
process of reconstruction the economy to 
go to use natural resources effectively, 
decrease release green house gas emissions 
through examining and applying modern 
technology; develop infrastructure system 
to increase economy effectiveness, cope 
with climate changes. 

In order to make sustainable development 
of the energy industry, Vietnam needs to 
invest huge funds in the next few decades, 
Vietnam enterprises account for over 90% 
of Vietnam's economy is not ready to the 
energy saving and using new energy. 

Because of these reason above, we offer 
some suggestions as follows: 

Should concretize and realize the Law used 
to save energy in many different levels. 

- Need to promulgate new laws such as the 
Law on clean energy. 

- Must have pricing policy, charging carbon on 
confidence level, consistent with Vietnam, the 
region and the world in long term. 

- There are specific policies for development 
and using energy sources that Vietnam has 
strength as source of new and renewable 
energy. The government encourages 
enterprises to participate effectively use. 

- International cooperation on developing 
energy technology, clean technology and 
make the commitment to effective. 

6. CONCLUSION 
The development trend of green technology 
is a strategic priority for many countries in 
the world selected to respond to the crisis 
and after the economic crisis, it is 
considered the turning point for the 
recovery process of the global economy and 
a new impetus to the promotion of global 
economic sustainable development in the 
twenty-first century.  

Vietnam needs to continue innovation 
economy and restructure national economy 
towards developing dynamic, efficient and 
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sustainable, should enlist the development 
trend of green technology in the world, at 
the same time institutional innovation, 
consolidation and implementation of 
policies and guidelines for the development 

of green technology in order to overcome 
challenges to restructure the economy, 
putting the economy flourished in the 
decades to come. 
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ABSTRACT 
This paper aims to investigate the relationship between natural disaster and Income per capita. We choose 
Durian Typhoon occurred in 12-2006 at southern provinces of Vietnam for the study. Following Abadie (2010), 
we use synthetic control to construct a comparative case study. The data of disaster was collected form 
Desinventar.net and provincial economic data was collected fromGSO (General Statistic Office) of Vietnam 
from 2002-2012. Our result shows that Durian Typhoon does not have significant impact on Income per capita. 
But when we analyze for more details, Durian Typhoon has significant impact on Income fromAgriculture, 
Forestry and Fishery (AFF-Income). Durian reduced AFF-Income 227,000 VND for one personper month. It 
accounts for 20% of Income per capita. 

Keywords: Natural Disaster, Typhoon, Income per capita, Synthetic Control, Comparative case study. 
 

1. INTRODUCTION 
Nowadays, the world is facing climate 
change situation. Due to the phenomenon of 
the earth heating up, rising up of see level, 
natural disasters tend to occur more 
frequently (Cavallo&Noy, 2011).  Large 
and immediate disasters usually cause 
serious damage such as: Indian Ocean 
tsunami 2004, Katrina hurricane 2005, 
Haitian earthquake 2010 and Haiyan 
typhoon 2013.To cope with this situation, 
scientists have developed many approaches 
to predict natural disasters before they 
occur in order to help people be more active 
in dealing and minimize damages. When 
natural disasters occur, the policy makers 
will have specific measures to reduce the 
impact of natural disasters. In order to get 
the best policy, then policy makers must 
first know the impact of natural disasters on 
the economy. However, current research on 
the impact of natural disasters on the 
economy has not been much researched 
(Noy, 2009), especially for one 
country.Vietnam has a long coastline and 
locates in area affected by tropical storms. 
Like Japan and Korea, they recover quickly 
after large disasters. Vietnam also has many 
efforts to reduce the effecting of natural 
disaster. But Vietnam can recover quickly 

like Japan and Korea? That is a big 
question. In this paper, we would like to 
answer a part of this question. We 
investigate whether disaster affect the 
Income per capita of Vietnamese. 

In the past, there were some studies that 
also trying to answer this question. Vu 
Bang Tam (2013) investigates the 
relationship between disaster and household 
per capita income, residential investment 
and domestic trade at Vietnam. The result 
shows that the aggregate effects of the 
disaster damages on household per capita 
income are insignificant and on residential 
investment are positive. Le Dang Trung 
(2012) used a difference in difference 
methodology (DID) to study the effects of 
DamreyTyphoon at household level and 
confirmed that rice production was 
seriously affected after the storm, but the 
total income from agriculture is not 
affected. Consumption of those affected by 
the storm changed, they focus primarily on 
consuming products that made by 
themselves.Next, the research team of the 
World Bank headed by Thomas (2010) 
studied the effects of natural disasters to 
social welfare. Results showed 23% welfare 
decrease due to flood and storm reduced 
welfare for 52% of the cities with a 
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population greater than 500,000 people. 
Noy& Vu Bang Tam (2010) has studied the 
indirect effects of natural disasters on GDP 
and GDP growth at Vietnam. The authors 
assert disaster with more number of people 
killed would reduce the output, while natural 
disasters with more property damage would 
increases output. 

Different from previous studieswhich used 
regression method, in this paper, we use 
synthetic control method to construct a 
control group which assumed not affected 
by disaster compare with treatment group 
that was affected by disaster. We chose 
Durian Typhoon as a case study because it 
is one of the largest disasters from 2002-
2012 (see table 1) and the economic data is 
long enough for analyzing. Durian Typhoon 
caused damage mostly to Ben Tre and Ba 
Ria-Vung Tau Provinces in 2006. In the 
analysis, we only chose Ben Tre as 
treatment unit because Ben Tre was not 
affected by large disaster after year 2006. 

2. SYNTHETIC CONTROL METHOD 
AND DATA DESCRIPTION 

2.1 Synthetic Control Method  
In comparative study, we have two groups: 
control group and treatment group. In this 
case, control group is the provinces that 
were not affected by Durian Typhoon and 
treatment group is province that affected. 

We observe J+1provinces in our data set. 
Let the first province isexposed to disaster 
and J provinces left isnot. Following 
Abadie (2010), Let N

itY be the Income per 
capita that would be observed for province i 
at time t that are not affected by disaster 
and I

itY is the provinces that affected. For 
provinces,i=1…,J+1 and t=1…,T. Let T0 is 
the number of period before Durian 
Typhoon happening (1<T0<T). So for the 
period before disaster, we have I

it
N

it YY = . 

For period after disaster we use 
N

it
I

itit YY −=α represent for the effect of 
disaster to province i at time t for t=T0+1, 
T0+2, ….T. Our interest is compare the 

first province that affected by disaster with 
other provinces that are not. So we would 
like to compute: 

N
t

I
tt YY 111 −=α for t>T0 

I
itY is observed, so if we want to estimate 

t1α we must estimate N
tY1 first. But we do 

not know N
tY1 . 

Synthetic control method assumes that N
tY1 is 

weighted average of jtY for j=2…J+1 or it 
can be calculated by this equation: 

∑
+

=

=
1

2
,1

J

j
tjj

N
t YwY  

with constraints: wj> 0 and ∑
+

=

=
1

2
1

J

j
jw  

Abadie (2003) suggested thatwjcould be 
estimated by minimize the distance between 
observed value and weighted average value 
for all provinces for j=2...,J+1or minimize 
this function: 
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We can estimate wjin this function by 
using Solver tool in Excel software or 
using “Synth” function in Stata software. 
With Zj is (r x 1) vector of observed 
predictors for Income per capita that were 
not affected by disaster. 

2.2 Data of the study 
Data on natural disasters of 64 provinces of 
Vietnamfrom 1992 to 2010 were 
downloaded from Desinventar.net (Disaster 
Information Management System) that was 
supported by United Nations Office for 
Disaster Risk Reduction. One other data set 
was collected from Emdat.be (Emergency 
Events Database). The distribution of every 
kind of disaster for Deaths and House 
Destroyed and House Damaged was showed 
in figure 1. Economic data was collected 
from GSO of Vietnam from 2002-2012. 

For this study, we only analyze data of 
disaster of Desinventar.net from 2002 to 
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2010. Five largest disasters sorted by Deaths 
any by House Damaged & Destroyed for 
this period showed in Table 1. 

 

 
Figure1. Damage of Natural Disasters for 

Vietnam from 1992-2010 

Source: Desinventar.net 

Table 1. The five largest disaster of Vietnam 
from 2002-2010 

Province Year Event  Deaths 

House 
Damaged 

 and 
Destroyed 

Sorting by Deaths 
QuangNgai 2005 Flood 323 212 
Dong Thap 2000 Flood 150 1,021 
An Giang 2001 Flood 134 336 
An Giang 2000 Flood 116 674 
Lam Dong 2000 Flood 100 999 

Sorting by House Damaged and Destroyed 
QuangBinh 2010 Rain 58 162,216 
Ben Tre 2006 Storm 15 121,648 
Can Tho 2002 Flood 9 66,000 

Ha Tinh 2002 Flash 
flood 53 60,463 

Quang Tri 2009 Flood 10 41,800 

For comparative case study, we have to 
choose one province that was affected by 

disaster comparing with other ones that were 
not affected. The result is significant only if 
that is a extreme large disaster. In this paper 
we define “extreme large disaster” is the one 
that cause more than 10 deaths and more 
than 50,000 houses destroyed and damaged. 
In our dataset, Rain at QuangBinh in 2010, 
Flash Flood at Ha Tinh in 2002 and Storm at 
Bentre in 2006 is extreme large disaster. But 
we only choose Bentre province for 
treatment unit because Bentre was not 
affected any other large disaster. Ha Tinh 
was affected by large storm in 2007 caused 
29 deaths and 30,170 houses destroyed and 
damaged. For QuangBinh province, Disaster 
occurred in 2010, so we only have economic 
data after the disaster in 2011 and 2012. That 
is not long enough for applying synthetic 
control method. 

In our study, we define “large disaster” is 
the one that cause more than 5 deaths and 
more than 1,000 houses destroyed and 
damaged. Control group is the province that 
neither affected by Durian Typhoon nor 
affected by large disasters since 2006. In our 
study, control group consist 29 provinces1. 

Table 2. Descriptive statisticsof economic 
variables from 2002-2012 

Variable Unit Mean SD 
Income per capita 103VND 866.7 600.9 
AFF-income per 
capita 103VND 257.3 169.6 

Retail Sales per 
capita 106VND 9.3 9.5 

Goods transported 103 
Ton*km 0.4 0.5 

Rice production 103 Ton 467.1 399.4 
Cereal production 103 Ton 520.8 385.4 
Wood production 103 m3 42.0 53.7 
Production of 
fishery Ton 56,389.0 79,335.3 

Source: GSO of Vietnam 

1BacGiang, BacKan, Bac Lieu, BacNinh, Ben tre, 
Binhduong, BinhPhuoc, BinhThuanCa Mau, Cao 
Bang, DakNong, Dien Bien, Dong Nai, Gia Lai, Ha 
Giang, Hai Duong, HaiPhong, HauGiang, HoaBinh, 
Hung Yen, Kon Tum, Nam Dinh, NinhBinh, 
PhuTho, QuangBinh, SocTrang, TayNinh, Thai 
Binh, HCM City, TraVinh. 
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3. ESTIMATE THE IMPACT OF 
DURAN TYPHOON ON 
VIETNAMESE INCOME PER 
CAPITA 

Firstly, we investigate the impact of Durian 
Typhoon on Income per capita. We choose 
Retail Sales per capita (represent for 
domestic trade) and Goods transported 
(represent for infrastructure) as predictors 
for estimation. The result shows that Durian 
Typhoon reduces 123,000 VND Income per 
capital for 1 month. But the result is 
statistically insignificant2. Figure 2 show 
the trend of Ben Tre Income per capita and 
synthetic control group. 

 
Figure 2. Trend in Per-capital Income: 

Ben Trevs control provinces 
Source: Analysis of Authors 
Base on GSO of Vietnam, Income per 
capita consist of Income from salary/wage, 
Income from Agriculture, Fishery and 
Forest (AFF-Income), Income from Non-
Agriculture, Fishery and Forest and Income 
from other Sources. So we investigate more 
details on AFF-Income. We choose Retail 
Sales per capita, Goods transported, Rice 
production, Cereal production, Wood 
production and Production of fishery as 
predictors for the estimation. The result 
shows that Durian Typhoon reduces 
227,000 VNDAFF-Income per capital for 1 
month accounts for 20% of total income per 
capita. Figure 2 show the trend of AFF-
Income between Ben Tre and control group. 

2 We apply permutation test for this result 

 
Figure 3. Trend in Per-capital Income from 
Agriculture, Forestry andFishery: Ben Trevs 

control provinces 

Source: Analysis of Authors 
The significant of the result is very 
important. In this case, we wonder that 
AFF-Income of Ben Tre reduce mostly 
compare with other provinces was caused 
by Durian Typhoon or that is only a random 
process. To answer this question, 
permutation test was applied for the 
significant of the result.We apply synthetic 
control for other provinces as if they were 
affected by Durian Typhoon. That is also 
called Placebo test. Figure 4 show all the 
gaps of placebo test. In 2009, 2010 and 
2011 AFF-Income gap of BenTre is largest. 
So P-value = 1/30=3.3% (The chance that 
we have the result randomly without 
affected by disaster). See figure 5 for 
details of P-value of all periods. P-value < 
5% is only last for 3 years: 2009, 2010 and 
2011. We can infer that the indirect impact 
of Durian is mostly severe from 3 to 5 years 
after it happened. 

4. CONCLUSIONS & SUGGESTIONS 
We applied synthetic control for 
comparative case study to investigate the 
effect of Durian Typhoon on Income per 
capita and AFF-Income from 2006-2012. 
The result reveals that Durian Typhoon 
does not reduce Income per capita but 
reduce Income from Agriculture, Fishery 
and Forest about 227,000 VND per 
month.The impact of Durian Typhoon 
lasted from 3 to 5 years later. 
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Base on the result, the labours whose 
income from agriculture, fishery and forest 
are mostly affected. We suggest that policy 
makers should prioritize support this people 
when a storm occurs. Typhoon Durian 
caused great damage to Mekong Delta 
provinces because of subjective psychology 
of the people. Therefore, in order to reduce 

the damage of natural disasters, local 
governments should raise awareness of 
people about the impact of natural disasters, 
update forecasting information early to help 
people more proactive in responding to 
natural disasters. 

 

 

 
 

Figure 4. AFF-Income gaps in Bentre and placebo gaps 

 

 
 

Figure 5. Significant level for AFF-Income 

Source: Analysis of Authors 
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ABSTRACT 
This paper studies current functions of intermediary financial institutes in Vietnam securities market to define 
the impact of lacking investment banking form on Initial Public Offering (IPO) process; specifies the vital 
importance of underwriting and advisory services of investment bank to enhancing transactions in securities 
market. The article also proposes remedy to the inappropriate core investment banking function erected by 
commercial banks and securities companies as well as development strategy for the intermediary system in 
securities market. 
Keywords: investment banking, securities market, commercial bank, underwriting, financial institute 

 

1. THE LACK OF UNDERWRITERS   
Alongside traditional commercial banking 
system, stock exchange is a very important 
instrument in drawing capital in the 
financial market. However, there is 
significant disparity in the role between a 
bank and a securities company to the 
company in Vietnam. Customers rely 
unreservedly on banks in raising capital 
while only looking for advices from the 
securities companies. The failure or success 
of a securities offering is in charged by the 
issuer, the securities companies cater the 
paperwork, maintain the process, and 
advise on the offering price. 

2. FOREIGN AUDITORS DOMINATE 
THE M&A ADVISORY SERVICES 

It is common for the auditing companies to 
do Mergers and Acquisitions (M&A) 
advisory services. They are experts in 
data-mining and process-control. They are 
also able to approach to many counterparts 
of the deal given their plenteous client base. 
However, only foreign audit entities, 
especially the Big Four, are trusted for this 
service due to their experience and 
reputation. Besides, due diligence 
procedure, an important part of the M&A, 

is an audit-related service. Even if a 
non-auditing company runs the M&A 
services, it may rehire an auditing company 
to execute due diligence. 

In fact, there are departments erected in 
some securities companies aiming to 
facilitate the core investment banking 
services including underwriting and 
corporate restructuring. However, the share 
in M&A market is still very limited whereas 
underwriting activities is almost zero. 

3. INVESTMENT BANKING 
SERVICES 

3.1 Product mix  
According to financial data of top 10 
securities companies by market share in Ho 
Chi Minh Stock Exchange in 2013, the 
combined revenue presented in Table 1 
shows a significant prevalence of trading 
and brokerage revenue to core investment 
banking and asset management 
services. Trading proceed of both brokerage 
and principle transactions accounts for 
more than 51% of total revenue. The core 
investment banking services, underwriting 
and advisory, and the asset management 
contribute less than 10% to the sum. In 
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addition, a big proportion of other revenue 
is proceeds from margin trading, which can 
be considered as trading proceeds. This 
margin fee adds up 15% of total revenue to 
trading revenue. 

Table 1. 2013 sum of revenue of top largest 
market share securities companies [2] 

(VND billion) Trading IB Asset 
mgmt 

Others 

2013 revenue 1,952  344  3   1,478  

% of total 52.7% 9.1% 0.1% 39.1% 

List of top 10 companies: HSC, SSI, VCSC, ACBS, 
VNDS, MBKE, FPTS, BSC, VCBS, VPBS. 

It is not an unusual revenue distribution of a 
securities company for its primary role as a 
broker. However, as there is no investment 
bank in the market, securities companies 
also act as a market maker for the issuers. 
Thus, the investment banking department is 
built up in securities companies. This 
practice contrasts with developed economy 
where there is trading section in an 
investment bank. Taking 3 giant investment 
banks in the United States as examples, 
they are JP Morgan, Goldman Sachs, and 
Morgan Stanley. Table 2 shows the revenue 
mix of 2013 of these 3 investment banks.  
Table 2. 2013 revenue mix of top 3 investment 

banks in United States [3] 

2013 Rev  JP Morgan Goldman 
Sachs 

Morgan 
Stanley 

Trading 11% 46% 49% 

IB 7% 18% 16% 

Asset mgmt 16% 16% 30% 

Others 67% 21% 5% 

Although trading is still the biggest stake, 
proportion of investment banking and asset 
management is not too far from the leader. 

3.2 Core investment banking services 
Underwriting is the most essential 
traditional service of an investment bank [1]. 
Among a hundred of securities companies, 
only few ones are able to generate revenue 
from the underwriting services including 

those which are not in top list. Most of 
them are bank-related entities (i.e. more 
than 51% owned by a bank). The few non 
bank-related companies are VietcombankSc 
(VCBS), BIDVSc (BSC), BaoVietSc 
(BVSC), MaritimeBankSc (MSBS), and 
VietinBankSc (CTS); which are backed by 
Vietcombank, Bank for Investment  & 
Development, Maritime Bank, VietinBank, 
and Techcombank. Other 2 companies 
famous for underwriting are in top 3, HSC 
and VCSC.  

Figure 1 shows the slice of underwriting 
revenue in total revenue of 7 companies 
mentioned earlier. A modest ratio of 2% of 
total is underwriting fees collected from 
clients. Only 35.5 billion VND out of 
nearly 2 trillion VND is underwriting 
proceed and, to remind again, only few 
companies recorded this activities in 2013. 

 
Figure 1. Underwriting revenue versus total 

2013 total revenue of 7 companies 

The fact that the securities market tumbled 
in 2008 alongside financial crisis and was 
sluggish in consecutive 2-3 years causes 
negative impact on the industry itself. The 
number of IPOs reduced significantly after 
the crisis. Figure 2 shows that from over 36 
trillion VND worth of IPOs in 2007, the 
number reduced significantly to 8 trillion 
VND in 2008 and was maintained at low 
level in following consecutive years. 
Currently, it is still less then 1 trillion VND 
annually. 
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Figure 2. Annual IPOs total value [4]  

However, this gloominess has been 
affecting the trading value as well. Figure 3 
describes a similar pattern, albeit less 
volatility, in trading value of stock market 
from 2007 to 2013. Thus, the reduction in 
stock market activities is not the root of low 
underwriting services 

3,159

738

2,600 2,469

1,036
1,316 1,391

2007 2008 2009 2010 2011 2012 2013

VND billion

 
Figure 3. Daily average trading value of 

stocks market [5] 

Previously, securities regulation was more 
limited in term of underwriting activities. 
Only firm commitment underwriting was 
allowed with more restrict terms than the 
new rule such as total stock underwriting 
value must not exceed 50 per cent of 
underwriter’s equity. Nowadays, securities 
companies can have underwriting 
contracted value up to 100 per cent of their 
equity, and beside firm commitment, best 
efforts and other forms of underwritings are 
mentioned. Thus, the limitation in equity is 
no longer an obstacle to underwriting 
service. To illustrate, among top securities 
companies, there are seven companies have 
equity of more than 1 trillion VND, the 
biggest one is SSI with more than 5 trillion 
VND equity (see Table 3). Meanwhile, the 
IPO’s values of the top deals, including the 

giant Vietnam Airlines, are not far from 
securites companies’s equity. (see Table 4). 

Table 3. 2013 year-end equity value of top 
securities companies [2] 

Company ticker Equity  
(VND trillion) 

SSI 5,242 

HSC 2,247 

AGR 2,226 

ACBS 1,665 

BVSC 1,212 

VNDS 1,197 

FPTS 1,169 

Table 4. Top IPOs deal in value [6] 

IPO deal IPO value (VND 
trillion) 

Date 

BIDV 1,575 Dec-11 

Vinatex 1,216 Sep-14 

Vietnam Airlines 6,289 Nov-14 

And with the new listing regulation states 
that any IPO companies must list their 
shares on an official stock exchange latest 
one year after IPO, the knot on liquidity of 
underwriting is removed. Therefore, 
securities companies are less of concern in 
exit strategy in taking underwriting deal. 

3.3 A market of no investment bank  
Despite those enhancements in equity and 
regulation recently, underwriting activity has 
still not yet reached the desired level or 
underwriting. Local securities companies are 
still very modest in size and limited in 
experience in other to have the professional 
services as required by market. Being one of 
the most important services, underwriting 
service needs a form of investment bank as a 
platform for the evolvement.  

Currently, there is no local investment bank 
form both in regulation and in practice. An 
investment bank covers three main 
categories. They are trading (both brokerage 
and principal), investment banking 
(underwriting and advisory), and asset 
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management. There are securities companies 
doing mostly trading and a little bit of 
investment banking, equity funds doing asset 
management services, and audit firms doing 
advisory services. There are few securities 
companies have those three lines but at 
minimal scale of investment banking. 
Taking SSI for an example, in 2013, trading 
was the dominant contributor to revenue 
exclusive of interest in other revenue. The 
other two services were very limited. 

 
Figure 4. 2013 revenue breakdown of SSI 

Key advisors of top IPO deals are the 
foreign players. For instant, as a subsidiary, 
BIDVSec was appointed as the advisor for 
the IPO of BIDV. However, the other 
advisor for the whole capitalized process of 
the bank was Morgan Stanley. Similarly, 
BSC is supposed to be the advisor for 
Vietnam Airlines and Vinatex IPO deals 
along with Morgan Stanley and Citigroup. 
And this is for the advisory only, the 
underwriting services is not covered.  

In the IPO of Viglacera, a big corporation 
in construction materials and being 
considered as the most successful IPO in 
first-half of 2014, which was advised by 
SSI, only 25,3% shares were subscribed. 
The company, thus, could raise only 200 
billion VND out of expected 800 billion 
VND without underwriting arrangement. 

Reasons for failure are not limited to one or 
two factor but a combination of elements. 
In this paper, we only discuss the affect of 
underwriting service, which is core 
business of an investment bank, to the 
failure of an IPO. The key weak point is not 
the equity value or the regulation but the 
intervention of underwriter in the deal. 

3.4 The long-term way out 
First of all, issuer must have take 
underwriting as one of importance part of 
an IPO. IPO’s fee is always under issuers’ 
concern. During the previous booming 
market period, IPO shares were usually 
fully subscribed, companies didn’t border 
to pay fees for underwriters. But in the 
recent difficult situation, company should 
seek for the safety of capital raising process. 
The underwriting fees, together with other 
IPO’s admin and advisory fees, normally 
around 2% of the underwriting value may 
seem painful at the beginning, but it is less 
than the cost of seeking alternative source 
of capital in the circumstance that the IPO 
is a failure.  

Secondly, underwriting is the securities 
companies’ business, not the banks. 
Although having greater equity and more 
famous, SSI and HCM, the two securities 
companies that are not backed by banks, 
don’t have more investment banking 
activities than other smaller ones. It is 
because most of the big deals were 
executed through the relationship between 
banks and their clients, and then banks 
passed deals through to their securities 
subsidiaries. This practice may raise the 
potential risk of conflict inside the bank and 
its subsidiary, where the “Chinese wall” is 
not efficiently erected. This is, in fact, the 
bank and its subsidiary together are acting 
as an investment bank but without 
regulation. Therefore, the risk of breaching 
regulation is of great concern. 

Finally, securities companies themselves 
have to keep continuously improving their 
brand through various enhancements. The 
advisors and underwriters bring not only 
the services to the issuers but also the 
certification to the deal. The reason why 
many large IPO deals have to have famous 
foreign advisors is not only because of their 
expertise but also their international 
brand-name which can contribute to the 
success of the IPO at, obviously, higher 
fees then local companies do. Thus, 
securities companies with the limitation in 
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capacity cannot take the services to the 
required level. They need to be larger in 
size and more professional in operation to 
become the market makers and actively 
support the capital raising process. 

4. CONCLUSION 
Investment bank also has it drawback 
which is making the world of finance 
headache. However, by its nature, 
investment bank is very vital to both 
primary and secondary markets [1]. The 
success or failure of an IPO or seasonal 
issue is affected by the advisor and 
underwriter. The suitable form for that 
service is in the investment bank structure. 

There is a big gap between the current 
services provided by securities companies 
and the required level that can afford the 
need of securities market in term of capital 
raising process. It is illustrated by the 
minimal volume of underwriting and 
advisory fees together with the slowdown 
in IPO value and volume. 

In other to ameliorate current situation, 
there is an essential need of investment 
bank form by developing present effective 
securities companies into a more 
professional and greater entities to 
strengthen their market making role, and 
therefore, improve the outcome of the 
capital raising. 
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ABSTRACT 
Recently, the global crisis has proven that the lack of bank liquidity was the main trigger of all the negative 
events. Many profitable banks faced difficulties in managing their own funds due to the misunderstanding of 
liquidity risk. The paper therefore aims to identify determinants of liquidity risk of Vietnamese commercial 
banks by using the unbalanced panel data and Financing Gap to Total Assets (FGAP) model and others 
variables. The results show that the liquidity risk of commercial banks not only depend on bank specific factors 
(bank liquidity reverse to total assets ratio, external funding dependence and equity to total assets ration) but also 
macroeconomic factors (GDP and inflation). 

Key words: Liquidity risk, liquidity gap, Vietnam’s commercial banks. 

 

1. INTRODUCTION 
Global financial crisis has shown that 
commercial bank play the important role of 
financial system, banks have to adjust their 
aims for profitability in order to get protect 
against liquidity risk. During the global 
crisis from 2008, Vietnam’s economy has 
not solved the problems such as: high 
inflation, severe deficit import, low foreign 
currency reserve, high deficit state-budget, 
high bad debt at commercial banks, 
vulnerable financial markets...  

A signal shows the vulnerable and unstable 
Vietnam’s financial market has been credit 
system under poor liquidity during the past. 
The loan to deposit ratio is very high (the 
highest in Asia area, only after South 
Korea, in 2009 and in 2010 the ratio was up 
to 131%). Thus, we can see Vietnam’s 
commercial banks have potentially more 
liquidity risk than other country the region 
and more vulnerable if they will be 
impacted of external shocks.   

Recent, many financial institutions have 
faced difficulties or defaulted even if they 
were profitable – as it was the case of 
Lehaman Brothers in 2008 – due to the 
mismanagement of liquidity. Under these 
circumstances, it is evident that liquidity 

and liquidity risk is very up – to – date and 
important topic. The aim of this studying is 
therefore to identify determinants of 
liquidity of Vietnam’s commercial bank. 

2. LITERATURE REVIEW 
Liquidity is defined as ability of bank to 
fund increases in assets and meet 
obligations as they come due, without 
incurring unacceptable losses (BIS, 2008). 

Liquidity risk arises from the disparity 
involving the maturities of two sides of 
balance sheet. This disparity either result in 
an excess of cash that wishes to be invested 
or result in a deficiency of cash that wishes 
to be funded. Liquidity risk can be divided 
by two which is market liquidity risk and 
funding liquidity risk.  Market liquidity is 
cannot be sold due the lack of liquidity in 
the market essentially a sub – set of market 
risk. Next is funding liquidity a band the 
risk that liability cannot be met when they 
fall due, it can only be met at an 
uneconomic price and can be name – 
specific or systemic (Ameira Nur Amila 
Binti Sohaimi, 2013). 

According to Aspachs et al. (2005), there 
are three mechanisms that banks can use to 
insure against liquidity crises: The first is 
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bank holder buffer of liquidity assets on the 
asset side of the balance sheet. It will arises 
when a large enough buffer of assets such 
as cash, given securities, debt securities 
issued by government or reverse repo trades 
cannot be traded quickly enough or at 
wanted price in the market to prevent  a loss 
or make the required profit. The second 
mechanism is connected with the liability 
side of the balance sheet, liquidity side 
arises when have depositors, investor or 
insurance policy holders seek cash in their 
financial claims immediately. This 
mechanism is strongly related to market 
liquidity risk. The last mechanism concerns 
the liability side of the balance sheet, as 
well. The central bank typically acts as a 
Lender of Last Resort to fund emergency 
liquidity assistance to particular illiquid 
institutions and to provide aggregate 
liquidity in case of system-wide shortage. 

3. METHODOLOGY AND DATA 
3.1 Methodology 
The model is suggested in order to identify 
determinants of liquidity of Vietnam’s 
commercial bank and use the panel data 
regression to analysis. 

 

 

 

 

 
According to the model, the dependent 
variable is financing gap to total assets 
(FGAP) which is measured by average the 
difference between loan and bank’s core 
deposit to total assets ratio. If financial gap 
is positive, the bank should be filling this 
gap by its cash funds through selling cash 
assets and borrowing from money market. 
Therefore, financial gap can be estimated 
by subtracting the borrowed funds from the 
cash assets. The financial gap represents 
financial needs of the bank after selling its 
cash assets. When the economy is under 

stagnation and financial market increasingly 
demands for cash funds, it is when the 
banks are more exposed on liquidity risk. 
Therefore in this study, it seems that 
financial gap is a more appropriate 
alternative for liquidity risk of the bank. 

There are two groups of independent 
variables: the internal and external factors. 

The first set of independent variables is 
representative of individual characteristics 
of commercial banks.  

Bank’s Size is measured by the natural 
logarithm bank assets (Size). It can be an 
important determinant of its refinancing 
costs since larger banks are perceived to be 
less risky (because they are better 
diversified or because of too-big-to-fail 
concerns) and may have access easily to 
alternative refinancing sources. To control 
for a nonlinear relation between a bank’s 
size and its holding of liquid assets we also 
include the squared size term (Size squared) 
as a control variable (Dinger, 2009). 

Bank liquidity reverses to bank total assets 
ratio (LRA): Bank liquidity reverses are 
divided by two which is primary reserve 
and secondary reserve. This is a traditional 
liquidity management of commercial bank 
(Truong Quang Thong, 2012). The liquidity 
crisis of Vietnam’s commercial banks has 
happened in 2008 and in the recent years let 
us can see that liquidity risk management is 
very important.      
For controlling, commercial banks can 
reserve some asset as liquidity reverse and 
the bank can sell or mortgage the liquid 
assets in order to arise funding, it means 
that reserve the liquid assets can decrease 
liquidity risk. According to the theory, it is 
expected the relationship between liquidity 
risk and liquidity reserve is in the reverse 
direction.       

This study use external funding 
dependence (EFD) variables that are 
determined by total interbank borrowing to 
total capital ratio. Banks can rely on the 
interbank market where they borrow from 
other banks in case of liquidity demand. 
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However, this strategy is strongly linked 
with market liquidity risk (Vodova, 2013a). 
Especially, bank can also borrow from 
interbank market even with the high rate 
interest during the liquidity crisis period. 
This issue happened to small commercial 
banks in Vietnam during in 2008-2012 and 
led to decrease banks profit. However, a 
bank’s further borrowing to meet 
depositor’s demand may place the bank’s 
capital at stake. Thus, debt to equity ratio 
will rise, affecting the bank’s effort to 
maintain an optimal capital structure (Arif 
A. and Anees A. N, 2012). Then, external 
funding will cause liquidity risk and it is 
expected the relationship between external 
funding dependence and liquidity risk is 
positive. 

Equity to total assets (ETA) is considered 
as alternative variable to capital adequacy 
ratio in the framework of the capital 
adequacy regulation (Vodová, 2013). ETA 
may have opposite effects on liquidity. The 
higher the equity ratio, the smaller the 
amount of liquid assets required for sound 
banking practice, in order to keep liquidity 
liability and liquid assets in balance (Bunda 
and Desquilbet, 2008). Equity is the buffer 
to against risks. 

Total loans to total assets ratio (TLA): 
Vietnam, and as well as banking in 
transition countries, banks focus on lending 
to enterprises and households and the loans 
have low liquidity. Thus, unexpected 
withdrawal of large money may lead to loss 
liquidity.       

Loan loss provision to total loans 
(LLPTL) is used for assessing the impact 
of liquidity risk. Loan loss provision 
denotes the credit risk and the credit risk 
impact of profit and liquidity risk. The 
more cost for loss provision the more 
liquidity risk. Then, this studying expects 
the relationship between LLPT and 
liquidity risk is positive. 

 

 

 

Table 1. Specific variables definition 

No Variables Source Estimate 
effect 

1 FGAP: Financing gap to 
total assets 

annual 
reports  

2 Size: Total assets annual 
reports +/- 

3 Size2: Total assets square  annual 
reports +/- 

4 LRA: Liquidity reverses to 
total assets 

annual 
reports - 

5 TLA: Total loans to total 
assets 

annual 
reports + 

6 LLPTL: Loans loss 
provision to total loans 

annual 
reports + 

7 

EFD: External funding 
dependences 
(Interbank loans and other 
loans/ Total Equity) 

annual 
reports + 

8 ETA: Equity to total assets annual 
reports - 

The second set of independent variable is 
representative of external factors of 
commercial banks. 

The rate of growth, for the theory, bank 
needs more liquid assets during the crisis 
when lending more risks. On the contrary, it 
taken as indicating better perspectives for 
borrowers, and more lending by bank, thus 
reduce their assets liquidity. Meanwhile, the 
deposits may be decreased, and then 
leading to increase the financing gap and 
liquidity risk. According to another studied 
result (Dinger, 2009) that the reserved 
assets liquidity has relation with the rate of 
GPD grown is negative. 

The rate of inflation, measures another 
incentive for banks to hold liquid assets: 
When banks give more importance to 
relation and increase long term lending, 
they make value of their assets stickier, and 
become more vulnerable to rise in inflation.  

 

 

 

 

631 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

Table 2. External variables definition 

1 GDP: growth rate of gross domestic 
product (GDP volume % change)  

IMF + 

2 INFt: Inflation rate (CPI % 
change), year t 

IMF + 

3 INFt-1: Inflation rate (CPI % 
change), year t-1   

IMF + 

4 M2: Supply money M2, year t IMF - 

5 M2t-1 : Supply money M2, year t-1 IMF - 

 
 

3.2 Data 
This research used unconsolidated balance 
sheet and profit and loss data over the 
period from 2002 to 2011 were obtained 
from annual reports of 27 Vietnam’s 
commercial banks within 212 observations.  
The  panel  is unbalanced  as  some  of  the  
banks  do  not  report  over  the  whole  
period  of  time. The macro variables were 
based on data from IMF reports.     

3.3 Results  
3.3.1 Descriptive Statistics 

 

Table 3. Descriptive Statistics 

(in %) 
Variables Mean Medial Max Min St.d Observations 

FGAP 0,047 0,253 91,939 -53,537 21,200 212 

EFD 26,345 22,306 97,287 0,000 18,359 212 

ETA 12,426 9,663 71,206 2,342 9,794 212 

TLA 63,184 65,513 99,530 1,003 18,364 212 

SIZE 64.096.149 18.930.862 535.000.000 144.861 98.868.613 212 

LRA 31,746 29,437 96,038 3,779 16,178 212 

LLPTL 0,765 0,475 3,656 0,016 0,759 212 

GDP 7,16 7,21 8,46 5,32 1,09 10 

GDPt-1 7,27 7,21 8,46 5,32 1,01 10 

INF 10,08 8,95 19,89 3,00 5,70 10 

INF t-1 8,31 7,50 19,89 0,80 5,53 10 

M2 30,300 29,600 46,100 17,600 8,422 10 

M2 t-1 28,950 29,250 46,100 17,600 7,941 10 

 

Financing gap to total assets (FGAP): 
Analyses data are divided into 2 groups of 
FGAP; the group is positive (+) and the 
other is negative (-). The analyzing shows 
that the big-size banks have no liquidity 
risk and liquidity focuses only on small-
medium size banks. 

External funding dependence (EFD), this 
ratio is quiet high (the mean up to 26,35%) 
and some banks have the mean rise to 
54,24%. The EFD level focuses mainly on 
small- size banks.     

Equity to total assets (ETA): Small-
medium size bank have higher ETA than 
the big-size banks. 

Total loan to total assets: All banks have 
high this ratio. 

Total assets (SIZE): Big-size banks were 
privatization banks (State –owned banks 
privatizing), except the ACB (Asia 
Commercial Bank) 
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Liquidity reverses to total assets (LRA): This 
ratio is quiet high and very different between 
the each bank and different each year. 

Loans loss provision to total loans 
(LLPTL): The results shown that LLPTL is 
very low and the big-size banks have higher 
LLPTL than others but still less than 2%. 

External variable factors such as GDP, INF 
(inflation) and M2 (supply money): In the 
period 2002 – 2011, Vietnam’s GPD 
growth average was 7,16%; inflation rate 
was 10,08% and M2 was 30,3%. 

3.3.2 The results of regression 
Determining how the internal and external 
factors impact on bank liquidity risk, the 

paper used three general estimate models 
consisting of observations (POOLED), 
Fixed Effect Models (FEM) and Random 
Effect Model (REM) – called ECM. Since 
then, focusing on R2, Durbin-Watson 
statistics, Hausman test, analyzing correlate 
coefficient between specific cross errors 
(ɛ i) and independent variables in order to 
select a suitable model. 

For each approach, the author used internal 
factors to check how impact on liquidity risk 
if we use or not use external factors. Table 4 
shows estimate model within only internal 
factors and table 5 shows estimate model 
within both internal and external factors. 

 

Table 4. Estimate model within only internal factors 

Estimate  POOLED FEM REM 

Model  1 1 2 3 1 2 

C  0,860*** 1,467*** 1,788*** 1,152*** 0,860*** 0,979*** 

EFD  0,783*** 0,766*** 0,783*** 0,802*** 0,783*** 0,787*** 

ETA  0,818*** 0,818*** 0,810*** 0,823*** 0,818*** 0,809*** 

LLPTL  -1,098*** 0,003*** -0,350*** -1,616*** -1,098 ** -1,169*** 

LRA  -0,745*** -0,672*** -0,634*** -0,712*** -0,745*** -0,735*** 

TLA  0,474*** 0,429*** 0,487*** 0,520*** 0,474*** 0,487*** 

SIZE  -0,154** -0,221*** -0,248*** -0,195*** -0,154*** -0,169*** 

SIZE2  0,005** 0,007*** 0,007*** 0,006*** 0,005*** 0,005*** 

Cross-section  None Fix Fix None Random None 

Period  None None Fix Fix None Random 

Obs  212 212 212 212 212 212 

R2  0,8339 0,8504 0,8608 0,8417 0,8339 0,8363 

DW  1,33 1,67 1,72 1,38 1,33 1,34 

Source: Authors’ calculations 

Note: The starred coefficient estimates are significant at the 1% (*), 5% (**) or 10% (***) level. 

 

All estimate models (except FEM_3) show 
that only LLPLT factor does not affect 
liquidity risk. EFD, ETA, LRA, TLA, SZE 
factors have positive impact of liquidity 
risk and LRA factor has negative impact 

on liquidity risk. The results also show the 
relation between SIZE and liquidity risk 
(FGAP) has a negative significant, while 
the relation between SIZE2 and FGAP is a 
positive significant.  
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Table 5. Estimate model within internal and external factors 

Estimate model.  POOLED FEM REM 

C  1,483*** 2,034*** 1,595*** 

EFD  0,798*** 0,790*** 0,795*** 

ETA  0,799*** 0,793*** 0,795*** 

LLPTL  -1,272*** -0,114*** -1,072*** 

LRA  -0,716*** -0,642*** -0,708*** 

TLA  0,508*** 0,475*** 0,505*** 

SIZE  -0,204*** -0,233*** -0,216*** 

SIZE2  0,006*** 0,006*** 0,007*** 

GDP  -0,052*** -0,067*** -0,053*** 

GDPt-1  0,021*** 0,004*** 0,021*** 

INF  -0,005*** -0,008*** -0,005*** 

INFt-1  -0,006*** -0,005*** -0,006*** 

M2  -0,001*** 0,003*** 0,001*** 

M2t-1  0,003*** 0,006*** 0,003*** 

Cross-section  None Fix Random 

Period  None None None 

Obs  212 212 212 

R2  0.8416 0.8621 0.8298 

DW  1,38 1,71 1,42 

Source: Authors’ calculations 

Note: The starred coefficient estimates are significant at the 1% (*), 5% (**) or 10% (***) level. 
 

When we use the external factors (GPD, 
INF, M2) and lag factors in the model. The 
results in table 5 show that the EFD, ETA, 
TLA have positive effect on FGAP. The 
LLPTL factor is not significant relation in 3 
models. The external factors (GDP and 
GDPt-1) have effect on liquidity risk. The 
GDP factor has a positive significant, while 
the GDPt-1 factor has a negative significant.       

Addition, the results show also inflation the 
past (INFt-1) will be impact on liquidity risk 
this year. 

Using Wald test for choosing POOL 
model or FEM  
OLS regression has autocorrelation that 
make incorrectly the tested values of 

explanation variables coefficient. And Wald 
test gives F-values of two models (the 
model is affected on external factors and 
the model is not affected on external 
factors) prove the difference between 
independent variables coefficient. 
Therefore, FEM will be better than 
POOLED model for all estimate models 
with or without impacting from external 
factors. 

Using Hausman test for choosing FEM 
and REM 
Before approaching FEM or REM, we use 
Huasman test to determine how the 
difference between FEM and REM in this 
research. 
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Table 6. The result of Hausman test 

1. Without external factors  

Correlated Random Effects - Hausman Test  

Equation: REM    

Test cross-section random effects  

     

     

Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob. 

     

     

Cross-section random 29,77 7 0.0001 

Period random 11,73 7 0.1099 

2. With external factors  
 

Cross-section random 0.00 13 1.000 

     

Source: Authors’ calculations 

Note: The starred coefficient estimates are significant at the 1% (*), 5% (**) or 10% (***) level. 
 

The results show that estimate model has 
not effect from external factors. The FEM 
for cross – section is more suitable than the 
REM (p-value = 0.0001 < α=5%)     

The REM and FEM is not much different 
when using the external factors in the 
models (p-value= 1 > α=5%). 

The model regression will be:  

 
4. CONCLUSION 
In the last years the liquidity risk 
management theme has again become a 

much debated topic. The aim of this study 
is to investigate the determinants of 
liquidity risk.  

Results highlight that size, RTA, TLA, 
EFD, ETA, GDP and INF can have an 
impact on liquidity. In particular, the 
research show that the bigger banks is more 
likely to have a lower liquidity risk in first 
period but when bank extremely increase 
assets the liquidity risk will increase. It 
implies that size must be according to every 
bank in order to control liquidity risk. 

In this research, study cannot see how 
LLPTL an M2 impacting on liquidity risk at 
Vietnam’s commercial banks. 
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ABSTRACT 
This paper presents some factors which have affected economic growth. Based on the statistical data in Vietnam, 
this paper considers long-term relationship and short-term impact of these factors. Using the VECM model to 
find the long-term relationship between these factors and economic growth. Then, analyze the ECM model to 
concern the short- term impact of these factors on economic growth. After testing on statistical data in Vietnam, 
this paper finds out money supply (M2), interest rate, real effective exchange rate really affect economic growth 
of Vietnam in the short and long time. With VECM and ECM model, the paper will indicate the speed of error 
correction in the next period to adjust macroeconomic policies to achieve the aims of economic growth. 

Keywords: Economic growth, money supply (M2), interest rate, real effective exchange rate 

 

1. INTRODUCTION 
1.1 Significance of the Study 
Sustainable economic growth takes top 
priority among countries, particularly in 
such unhealthy economic context as that of 
recent years. To achieve growth objectives, 
governments shall adopt a variety of macro 
tools such as fiscal policy, monetary policy, 
foreign relations policy and so forth. Yet, in 
personal opinions, we deem monetary 
policy the most important due to its direct 
impact on the flows of goods and cash in 
the economy. Previous studies find out 
many factors affecting monetary policy; 
however, in the current integration context 
of Vietnam, the issue of whether these truly 
affect Vietnam’s economic growth and 
support such sustainable growth must be 
statistically examined. Through the study, a 
positive contribution with empirical 
evidence relating to the impact of monetary 
policy on a small and new transitional 
economy like Vietnam is also expected. 

1.2  Scope of the Study 
This paper investigates how M2, interest 
rate and real effect exchange rate affect real 

GDP between the first quarter of 2000 and 
the second quarter of 2003. 

1.3  Research Objectives 
Concerning the aforementioned issues, 
research objectives are put forwards as 
below: 

- Examine the impact of money supply M2, 
interest rate and real effective exchange 
rate on real GDP; and 

- Study the long-term relationship and 
short-term impact of these factors. 

2. THEORETICAL BASES AND 
RESEARCH METHODS 

2.1 Theoretical Bases 
Monetary policy is a kind of macro one, 
including the policies that affect money 
supply. In the scope of this study, authors 
only mention such factors as interest rate, 
money supply M2, real effective exchange 
rate and their impacts on real GDP. 

In accordance with macroeconomic data in 
the early 20th century, Irving Fisher, a 
typical representative of economists, 
developed the quantity theory of money. To 
explain the theory, he also introduced an 
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equation M.V=P.T, where M, V, P and T 
represent quantity of money, velocity of 
money, general price level and total volume 
of transaction respectively, which means 
when the money supply increases the 
inflation will rise.  

The roles of monetary policy and interest 
rate are highly appreciated in Keynes’ 
(1930) theory. He supposes that changes in 
money supply and interest rate by the 
central bank would impact on investment 
and cash holding by economic components, 
and an increase in supply of money may 
contribute to enhance expenditures, 
employment and economic growth. 

According to Stockman (1981), in addition, 
an increase in the rate of money supply 
decelerates capital formation in long time, 
by which it means when inflation rises, 
economic growth as well as cash holding 
will drop.  

Recently, the aforementioned theories have 
been applied to empirical researches in 
order to fully examine the relationship 
between monetary policy and economic 
growth. These include the following: 

By GMM method and based on panel data 
of 83 countries in the period 1969 – 2000, 
Philippe et al. (2006) found that 
fluctuations in real exchange rate could 
significantly impact long-term growth rate 
of output. However, the research implies 
that these fluctuations lead to reduced 
growth in countries which have low 
financial development but less affect those 
featuring advanced finance.  

Ogunmuyiwa & Ekone (2010) investigated 
the relationship between money supply and 
economic growth in Nigeria from 1980 to 
2006. Applying OLS method, VAR model 
and the Granger causality test, the paper 
revealed that “although money supply is 
positively related to growth but the result is 
however insignificant in the case of GDP 
growth rates on the choice between 
contractionary and expansionary money 
supply.” 

Additionally, the study by Fasanya & 
Agboluaje (2013) examined the impact of 
monetary policy on economic growth in 
Nigeria, using time-series data in the period 
1975 – 2010. The paper employed Error 
Correction Model (ECM) and unit root tests 
to explore variables’ stationarity. The 
research results revealed that monetary 
policies implemented in Nigeria would be 
dependent on such important policy 
instruments as interest rates, exchange rate, 
external reserve and monetary base. 
Moreover, the study also found that 
monetary policy innovations have both real 
and nominal impacts on economic 
parameters.  

Through the previous researches, a study on 
impacts of monetary policy on Vietnam’s 
economic growth is to be conducted, 
applying the following variables:  

- Money supply M2 includes cash, near 
money and checking deposits which can be 
quickly converted into cash without being 
almost mislaid. Currently, this is mainly 
used in most studies in Vietnam. 

- State Bank’s interest rates include 
refinancing rate and re-discount rate. In the 
scope of this research, refinancing rate is 
adopted. 

- Real effective exchange rate (REER) 
reflects level of competitiveness of the 
economy in its multilateral relations with 
others. In this study, its selected value is the 
trade-weighted average exchange rate of 
Vietnam compared to one of 138 other 
countries and territories having been 
Vietnam’s trading partners. 

2.2  Methodology/ Approach  
The paper applies Jonhansen (1991) test for 
testing cointegration of data series in order 
to identify the volume of linear 
combination of several stationary variables 
when first-order difference has been taken, 
thereby revealing how many long-run 
equilibrium relationships exist. 

Error correction model (ECM) is a 
combination of short- and long-term factors, 
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being used to explain both short- and 
long-term effects of one time series on 
another. Error correction coefficient in the 
model provides information relating to 
adjustments to equilibrium, through which 
policy makers can define how its impacts 
and return economic variables to their 
equilibrium (Asteriou & Hall, 2007). 

Vector error correction model (VECM) is a 
system of ECM equations in which there 
exists not just independent but denpendent 
relationships between variables (Asteriou & 
Hall, 2007). 

Process of Implementation 
Step 1: Test on stationarity of data series. 

Step 2: Test on cointegration relationships 
between data series, applying Johansen’s 
Trace Statistic and Maximum Eigenvalue 
approaches: 

- The formular for Trace Statistics test 
is written as follows: 

LRtr = - n  

Where: denotes eigenvalues, arranged 
from the largest to the smallest in order. 

Hypothesis  

H0: There are at most r cointegration 
relationships (r = 0, 1, …, k-1). 

H1: There are m cointegration relationships. 

- The formular for Maximum 
Eigenvalue test is written as follows: 

LRmax (  = - n.  = LRtr 
(  

Hypothesis  

H0: There are at most r cointegration 
relationships (r = 0, 1, …, k-1). 

H1: There are m cointegration relationships. 

Step 3: Develop a regression model to 
estimate short- and long-run relationships 
between data series in the following two 
cases: 

- Case 1 (no existence of cointegration 
relationship): VAR is employed.  

- Case 2 (existence of cointegration 
relationship): VECM is employed.  

Step 4: Test on residuals with VECM that 
cover: 

- Stationarity of residuals 

- Autocorrelation between variables 

2.3  Research Data 
Real GDP (GDP) is calculated by the value 
of adjusted nominal GDP based on CPI, 
considering Quarter 4/2007 as a remark 
(Source: thomsonreuters.com) 

Refinancing rate (LS) is based on the last 
day of a quarter that represents the whole 
quarter (Source: thomsonreuters.com) 

Money supply (M2) (Source: IMF) 

Real effective exchange rate (REER) is 
calculated by adjusted NEER based on CPI, 
considering Quarter 4/2007 as a remark and 
being indirectly quoted 
(Source: bruegel.org) 

Consumer price index (CPI) is based on the 
average of 3 months that represents CPI of 
the whole quarter (Source: IMF) 

Data of 54 observations used in this paper 
are extracted from Quarter 1/2000 to 
Quarter 2/2013. Data resources and 
calculations for regression data are 
presented in the table above. 

Data on real GDP in Vietnam is corrected 
through the comparison method of data in a 
quarter of a year and the same period of the 
previous one, applying X11/X12 procedure 
– seasonal adjustment programs developed 
by the U.S Census Bureau (J. Shiskin A.H. 
Young and J.C. Musgrave (1967)) 

3. RESEARCH RESULTS 
3.1 Test on Stationarity of Data Series 
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Table 1. Test on Stationarity of Data Series in Vietnam between the First Quarter of 2000 and the 
Second Quarter of 2013 

Data series ADF test Assessment 

Log of real GDP LGDP -1.959304 Non-stationary 
DLGDP -6.943998*** Stationary 

Log of money supply M2 LM2 -1.860508 Non-stationary 
DLM2 -3.374404** Stationary 

Interest rate LS -1.921192 Non-stationary 
DLS -5.880464*** Stationary 

Log of REER LREER -1.629187 Non-stationary 
DLVN -7.143717*** Stationary 

Source: Authors’ calculations based on Eview 7 
Note:  
L indicates logarithm of data series that has been taken.  
D is first-order difference of corresponding data series, abbreviated as I (1). 
Hypothesis H0: Data series has a unit root (being non-stationary). Other tested values in the Table complies 
with t-statistics. 
*,**, and *** denote significance at 10%, 5% and 1%. 
Unit root test allows the selection of an optimum lag of 4 suggested by AIC.  
 

Table 1 illustrates results of the test on 
stationerity of VN’s data series from the 
first quarter of 2000 to the second quarter 
of 2013, indicating that all series are 
non-stationary at original ones but 
stationary when first-order difference has 
been taken, i.e. all are I (1) series. 

3.2 Cointegration Test Based on 
Johansen’s Approach 

A test based on Johansen’s approach on 
cointegration of the data series is conducted 
with results illustrated in Table 2. 

 

Table 2. Results of Cointegration Test 
Unrestricted Cointegration Rank Test (Trace)  
          Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
          None * 0.455472 62.83271 54.07904 0.0068 

At most 1 0.336402 31.22526 35.19275 0.1259 
At most 2 0.102245 9.901195 20.26184 0.6495 
At most 3 0.079235 4.292603 9.164546 0.3703 

           Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 
 * denotes rejection of the hypothesis at the 0.05 level 
 **MacKinnon-Haug-Michelis (1999) p-values  
Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
          Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
          None * 0.455472 31.60745 28.58808 0.0199 

At most 1 0.336402 21.32406 22.29962 0.0680 
At most 2 0.102245 5.608592 15.89210 0.8302 
At most 3 0.079235 4.292603 9.164546 0.3703 

           Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 
 * denotes rejection of the hypothesis at the 0.05 level 
 **MacKinnon-Haug-Michelis (1999) p-values  

Source: Authors’ calculations based on Eview 7 
Note: Hypothesis H0: There is at most r cointegration relationships between the data series. The level of 
statistical significance in this Johansen test is 5%. 
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Results from the two approaches Trace 
Statistics and Maximum Eigenvalue signify 
that there exists a cointegration 
relationships between the variables in the 
model. Based on such, the study proceeds 
with an estimation that follows VECM 
approach. As only the impact of other 
factors on real GDP is taken account of, the 
yielded results would be ECM equation. 

3.3 VECM-based Estimation that Tests 
the Relationships between Other 
Factors and Economic Growth 

3.3.1 Analysis of Univariate Relationship 
(by Pearson’s Correlation) 

Concerning significance at 10%, results 
from the analysis suggest that all of the 
three variables money supply, real effective 
exchange rate and interest rate have positive 
impact on GDP. The fact 

indicates that an increase in money supply, 
real effective exchange rate (the currency of 
Vietnam goes comparatively weaker than 
the currency basket) or interest rate will 
bring about increased real GDP. 

 

Table 3. Pearson’s Correlation – Analysis of Univariate Relationship 

Correlation    
Probability LGDP LM2 LREER LS 

LGDP 1.000000    
 -----    

LM2 0.993454 1.000000   
 0.0000 -----   

LREER 0.652049 0.686755 1.000000  
 0.0000 0.0000 -----  

LS 0.660818 0.684495 0.627446 1.000000 
 0.0000 0.0000 0.0000 ----- 

Source: Authors’ calculations based on Eview 7 

3.3.2 Analysis of Multivariate 
Relationship 

Table 4. Results of Long-term Multivariate 
Relationship between Real GDP and Monetary 

Policy Factors 
  LRGDP 

Variable Long-term 
Coefficient t-value t n-k

0.05 

C -23.1179 - 

1.6766 
LM2 0.3552 -19.1931 
LS -0.0237 3.6747 
REER -0.3811 1.7876 

Source: Authors’ calculations based on Eview 7 

Note: Hypothesis H0: Regression coefficient is 
statistically significant, i.e. β j = 0, and the 
significance adopted in this test is 10%. 

- Regression coefficient with LM2 = 0.3552 
as well as significance (t – value = -19.1931) 
indicates that in a long run an increase of 1% 
in money supply would lead to an increase 
of 0.3552% in average real GDP. 

- Regression coefficient with LS = -0.0237 
and high significance (t – value = 3.6747) 
suggest that in case of 1% increase in 
refinancing interest rate, in long time, average 
real GDP drops by 2.37% (0.0237100). 

- Regression coefficient with REER = -0.3811 
and its significance (t – value = 3.6747) 
demonstrate that a 1% increase in real 
effective exchange rate (Vietnam’s currency 
value relatively falls by 1% in comparison 
with foreign one in the currency basket) 
reduces average real GDP by 0.3811%. 

Table 5. Regression Results of the 
Relationships between Real GDP and 

Monetary Policy Factors in Short Time 
  Coefficient t-statistic t n-k

0.05  
D(LGDP(-1)) -0.211386 -1.41403 

1.6766 
D(LM2(-1)) 0.117037 0.87849 
D(LS(-1)) 0.001490 0.60202 
D(REER(-1)) -0.018289 -0.14980 
ECM(-1) -0.100906 -1.93394 

Source: Authors’ calculations based on Eview 7 
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Results of a short period indicate that at a 
lag of 1 term (1 quarter subsequently), such 
variables as money supply M2, interest rate 
and real effective exchange rate have yet to 
impact on economic growth, or in other 
words, these would, after a quarter at least, 
affect GDP growth.  

Coefficient ECM (-1) denotes error 
correction speed in ECM model, being 
recorded with the value -0.1009. This 
signifies that once a certain monetary policy 

gets conducted (increase/desrease in 
short-term values upsets the balance line of 
real GDP in long time), right in the next 
term (three months later), the values of 
these impacts are inclined to return to the 
equilibrium, being 10.09%. 

3.4 Residual Tests 
3.4.1 Test on Stationarity of Residuals 

 

Table 6. Test on Stationarity of Residuals 

Method Statistic Prob.** Cross-sections Obs 
Null: Unit root (assumes common unit root process)  
Levin, Lin & Chu t* -14.1685  0.0000  4  204 
Null: Unit root (assumes individual unit root process)  
ADF - Fisher Chi-square  216.114  0.0000  4  204 
PP - Fisher Chi-square  222.507  0.0000  4  204 
     
** Probabilities for Fisher tests are computed using an asymptotic Chi 
-square distribution. All other tests assume asymptotic normality. 

Source: Authors’ calculations based on Eview 7 
Results from the test suggest that residuals 
of VECM regression model is stationary 
with high significance (p – value = 0.0000). 

3.4.2 Test on Autocorrelation in 
Regression Model 
Table 7. Portmanteau Test on Autocorrelation 

in Residuals 

Lags Q-Stat Prob. Adj Q-Stat Prob. Df 
            1 2.320379 NA* 2.365877 NA* NA* 

2 18.81564 0.9259 19.52095 0.9072 29 
3 34.23540 0.8787 35.88478 0.8322 45 
4 48.22295 0.8825 51.03796 0.8146 61 
            *The test is valid only for lags larger than the VAR 

ag order. 
df is degrees of freedom for (approximate) chi-square 
distribution 

Source: Authors’ calculations based on Eview 7 

 

Results of Portmanteau test on 
autocorrelation in residuals suggest that no 
high-order autocorrelation exists in the 
regression model and revealed significance 
level is at 10%. 

Table 8. LM Tests on Autocorrelation 

Lags LM-Stat Prob 
      1 13.41624 0.6421 

2 18.39045 0.3015 
3 20.04876 0.2180 
4 16.45037 0.4220 

      Probs from chi-square with 16 df. 

Source: Authors’ calculations based on Eview 7 

 

Table 8 featuring results of LM Tests also 
reflects no existence of high-order 
autocorrelation in the regression model and 
significance level is at 10%. 

Overall, the results yielded by the tests on 
stationarity, autocorrelation and residuals in 
the regression model imply that residuals 
from ECM is a white noise, which acts in 
accordance with all hypotheses. In such 
case, the estimation results would feature 
BLUE (Best Linear Unbiased Estimator) 
principle and thereby confirming credibility 
of ECM regression results.  
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4. CONCLUSIONS AND 
RECOMMENDATIONS 

The paper, with its original aims to examine 
the impacts of monetary policy factors on 
economic growth in Vietnam has presented 
such three factors as money supply (M2), 
interest rate and real effect exchange rate as 
well as their impacts on the growth. Base on 
Johansen’s cointegration test and VECM 
method and using dataset from Quarter 1/2000 
to Quarter 2/2013, the study also finds out 
cointegration relationships between the factors 
and economic growth in the long run, the 
results of which feature the following: 

- Money supply (M2) has a positive 
relationship with economic growth. 
- Interest rate is negatively correlated with 
economic growth. 

- Real effective exchange rate has 
negative correlation with economic growth: 
A drop in domestic currency may decelerate 
the growth. 

However, these do not immediately exert their 
impacts on economic growth. As far as the 
introduction of a certain policy is concerned, a 
lag time of more than 3 months is necessary 
for the impacts to occur. Furthermore, the 
effect of monetary policy on economic growth 
would allow economic growth to return to the 
equilibrium with error correction speed of 
10.09% in the next quarter.  

Through the research results, government, in 
formulating policies on boosting economic 
growth, are highly recommended to shift 
focus on interest rate, money supply (M2) 
and real effective exchange rate, which have 
been proved to affect Vietnam’s growth in 
the past 13 years. Apart from such, these 
should be pondered in mutual rather than 
separate and single interactions. A lag time 
of more than 3 months, along error 
correction speech of 10.09%, is another 
worth-disccusing issue in government’s 
consideration of the impacts on Vietnam’s 
sustainable economic growth./.
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ABSTRACT 
This paper aims to focus on measuring service quality in the higher education sector based on the HEdPERF 
model, testing the relationship between service quality and student’s satisfaction, comparing service quality, 
student’s satisfaction among universities in Ho Chi Minh city, Viet Nam. In qualitative research, we used focus 
group. In quantitative research, we asked students in eight universities in Ho Chi Minh City. Multiple regression 
analysis identifies the five following dimensions affecting student’s satisfaction: Reputation, Access, Programs 
Issues, Academic Aspects, Staff Attitude. There is significant relationship between the service quality and 
student’s satisfaction. Students from private universities have generally high levels of satisfaction than students 
from public ones. Students from the various universities have different satisfaction.  

Keywords: Service quality (SQ), higher education service quality, HEdPERF model, student’s satisfaction, university,.. 
 

1. INTRODUCTION 
Sustainable development is an issue which 
draws much attention from countries. One of 
the most important factors that help 
countries develop sustainably is quality of 
human resources. And the key factor 
affecting the quality of human capital is 
education. Today, with the increasing 
globalization, service quality of higher 
education is getting more concerns urgently. 
The Vietnamese Universities are facing 
competition with not only domestic ones but 
also the international universities. Therefore, 
SQ in education is essential in order to 
survive and develop. However, what is the 
main factors which have a great impact on 
SQ improvement in education? This is still a 
big question for many universities today. In 
Vietnam, some studies on SQ in higher 
education have been done, but still limited. 
Most studies were carried out at one 
university, so generalizability of the study is 
low. The researcher used SERVQUAL 
model or SERVPERF model - a variant of 
SERVQUAL. This is scale of SQ generally 
for all fields, so if it is applied in higher 
education, it must be corrected, and the 
reliability is low. Therefore, this study used 
HEdPERF scale – A typical scale designed 
for evaluating in education - to measure 

education quality at some universities in 
HCMC. 

2. LITERATURE REVIEW 
2.1 Service quality 
Quality is a general concept used in many 
areas of business and social sciences 
(Gummesson, 1991). In the production and 
consumption sector, it means “a measure of 
how well the service level delivered matches 
customer’s expectation” (Parasuraman et al, 
1985). Gummesson (1991) claimed that the 
utility and customer satisfaction should be 
included in evaluating the quality perceived 
by customers. According to Gummesson 
(1991), quality perceived by customers is a 
mix of objective reality and subjective 
opinions. Taylor and Baker (1994) agreed 
that the concept given by Parasuraman et al 
fully represents for SQ. Parasuraman et al 
(1988) defined the concept of SQ as a general 
attitude and a result from a comparison 
between expectations and perceptions. 

2.2 Service quality in education 
Currently, SQ in higher education has 
become more popular in the theories. 
Students are considered as the main 
customers (primary customer) of a 
university (Hill, 1995) and the direct 
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recipient of provided  services. Therefore, 
the students’ awareness of SQ has become 
an extremely important issue for 
universities and their management. 
In fact, features of services include 
intangibility, inseparability, heterogeneity, 
and perishability, ie production and 
consumption occur at the same time, 
require the participation of the clients (ie 
the students) in the delivery process. 
Therefore, customers contribute directly to 
SQ which provides satisfaction (or 
dissatisfaction) to them. The idea that 
higher education can be classified as a 
service promoting authors discuss the 
research framework in marketing services 
from the perspective of education. 

2.3 Measuring service quality in the 
education sector 

SERVQUAL (Service Quality) and 
SERVPERF (Service Performance) 
SCALE  
In 1985, Parasuraman and his colleagues 
postulated a model to measure the SQ. It is 
called SERVQUAL (Service Quality). 
Initially, Parasuraman et al (1985) 
suggested 10 dimensions which consist of 
97 variables and were first adjusted to 54 
variables. By 1988,  the authors readjusted 
into the SERVQUAL scale with 5 factors: 
Reliability, Responsiveness, Assurance, 
Empathy, and Tangibles: consist of 22 
variables. SERVQUAL Scale includes of 2 
parts. Part one is about the Expectation of 
client. The second part is about the 
Perception of customers using the actual 
service. SQ is determined through deviation 
point (Gapscores) between the perception 
and expectations of the customer (Q = P-E). 

Cronin and Taylor (1992) claimed that there 
was a few evidences, either theoretical or 
empirical, to support the concept of the 
distance calculated by ‘expectations minus 
reality perception’ as a basis for measuring 
SQ. They rejected the analytical framework 
of SERVQUAL and proposed a 
measurement of SQ - "the only practical" 
called SERVPERF. In their experimental 

work, they supposed that SERVPERF scale 
(only the realistic perception) better than any 
other SQ measurement tools. SERVPERF 
model also includes five factors: with 22 
variables follow the same SERVQUAL . 
However, the content of SERVPERF is that: 
The SQ = the level of perception. 
Currently in the field of education in 
Vietnam, according to the authors, these are 
two scales used most  as the SERVQUAL 
using by Nguyen Thi Hoang Yen, 2013; 
Nguyen Thi Ngoc Diep, 2011; Tran Xuan 
Kien, 2009 ... and  SERVPERF using by 
Luu Thien Tu, 2009; Nguyen Thi Thu 
Thao, 2011, .... Although widely used, 
these scales are always adjusted to adapt to 
many educational environment in the study. 
HEdPERF SCALE (Higher Education 
Perfomance) 
Abdullah (2005) ‘s literature briefly review 
showed that there were many disagreements 
in the debate on how to measure SQ. Using 
of general scale was not always reliable for 
any areas. That was the reason for the 
introduction of HEdPERF, a new 
measurement model of SQ designed 
specifically for the higher education sector. 
HEdPERF includes six factors affecting SQ 
in education. In 2006, Abdullah adjusted 
HEdPERF to 5 factors including: (1) Non-
academic Aspects, (2) Academic Aspects, 
(3) Reputation, (4) Access, (5) Programmes 
issues, with 38 variables. 
Ashim Kayastha (2011) measured SQ in 
higher education by HEdPERF scale in a 
number of public universities in Thailand 
and concluded it as a reliable scale. In an 
exploratory study in Japan of Parves Sultan 
& Ho Wong (2010), the authors suggested 
PHED scale (Performance-based Higher 
Education) based on the original scale- 
HEdPERF. But in Vietnam, this scale has 
not been widely used. Researchers still do 
not pay much attention on SQ scales as 
SERVQUAL, SERVPERF. 

2.4 Prior studies  
A number of studies have empirically tested 
for comparison in order to identify which 
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measurement  scale for SQ is the most 
suitable for higher education sector. 

Abdullah (2006) examined and compared 
the relative effectiveness of three SQ 
measuring models (namely HEdPERF, 
SERVPERF and adjusted scale HEdPERF-
SERVPERF) in the higher education 
environment. He surveyed 560 students in 
five universities in Malaysia. Abdullah 
(2006) concluded that the HEdPERF model 
produced reliable estimations, greater 
criterion, construct validity, greater 
explained variance, and so it is more 
suitable than the other two models : 
SERVPERF and HEdPERF- SERVPERF. 
In short-term, the results have demonstrated 
the clear superiority of the adjusted 5 
factors HEdPERF model (Abdullah, 2006). 

Brochado (2009) examined the measurement 
model: SERVQUAL, Importance-weighted 
SERVQUAL, SERVPERF, Importance-
weighted SERVPERF and HEdPERF. The 
author based on the data collected from the 
University of Lisbon in Portugal and multi-
direction structure of all five models have 
been validated through empirical testing. 
The results showed that SERVPERF and 
HEdPERF were likely best measurement 
(Brochado, 2009). 

3.  METHODOLOGY 
3.1 Exploratory study 
Because the research subjects and research 
environment conditions change, there 
should be an adjusted questionnaire. The 
author has used  focus group discussion 
technique. Groups of 11 who are  university 
students in Ho Chi Minh. As a result, a 
preliminary questionnaire was established. 

The preliminary questionnaire was deliver 
directly to 50 students drawn from various 
University. However, only 40 questionnaires 
were accepted, 10 questionnaires were 
excluded due to missing value and violating  
cross question. The results of interviews of 
40 students were processed through SPSS 
16.0 software to check the reliability of the 
results. As the result,  the official 
questionnaire was established. 

3.2 Definitive quantitative research 
3.2.1 Data collection 
The questionnaire was designed in the form 
of closed questions, choosing the level of 
agreement under the 7 point Likert scale. 
Official questionnaires were deliver to a 
range of students from first year to fouth 
year at 8 universities in Ho Chi Minh City 
(5 public universities and 3 private 
universities) to collect data. Total 
questionnaires recollected  were 505 but 
only 329  were accepted analysis. 

3.2.2 Data analysis 
The data will be classified and processed by 
SPSS 16.0 software. Some analytical 
methods used in the study are as follows: 

Reliability checking by  Cronbach's 
Alpha coefficients: This method allows the 
analysis eliminate inconsistent  variables 
and limited the garbage variables in the 
research process and evaluate the reliability 
of the scale through Cronbach's alpha 
coefficient. The variables with the item-
total correlation coefficient less than 0.3 
was disqualified. Scales with Cronbach's 
alpha coefficient was 0.7 or higher were 
accepted to use in this study. 

Exploratory Factor Analysis EFA : PCA 
(Principal Components Analysis) with 
Varimax rotation was used in this research 
because this method extracts more variance 
than  CFM (Nguyen Dinh Tho, 2011). 

Regression Analysis: After checking and 
confirming that the assumptions were not 
violated  (standardized residuals test, linear 
assumption test, variance inflation factor - 
VIF test ...), a multiple linear regression 
model was established. And adjusted R 
square explained the appropriateness  level 
of regression model. The objective of this 
study was to test the scientific theory so it 
would use a simultaneous menthod 
(ENTER method in SPSS) for regression 
analysis (Nguyen Dinh Tho, 2011) 

Inspection of the mean difference : t-test on 
the mean difference  in student’s satisfaction 
and components of SQ in education between 
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public schools and private schools. The 
ANOVA test on the mean difference of 
satisfaction among students from various 
universities and among students with 
different the school year. 

4. RESULTS AND DISCUSSION 
4.1 Reliability test and Exploratory 

Factor Analysis 
After EFA, six factors were extracted: (1) the 
academic Aspect, (2) reputation, (3) Program 
Issues, (4) staff attitude, (5) The access, (6) 
staff expertise. All scales have the Cronbach's 
alpha coefficient > = 0.7 so they have high 
reliability. For details, see table 1. 

4.2 Regression analysis 
The authors conducted a regression analysis 
with a significance level of 5%, the results 
indicated that OS (Satisfaction) positively 
influenced by 5 dimensions: AA (The 
academic aspect), RE (reputation), PI 
(program issues), AC (access), SA (staff 
attitude). Result in the table 2. 

The authors examined a number of model 
assumptions, the result demonstrated that 
the model used is appropriate.  R2 = 53% 
means that 53% of the variation of 
satisfaction is explained by the 5 
independent factors. 

4.3 T-test 
Students from private universities have 
generally high levels of satisfaction than 
students from public ones. Students from 
the various universities have different 
satisfaction. 

Regarding the dimensions of SQ in 
education: Lecturer, Programme issues, 
access, we can not conclude that whether 
the universities from public or private 
sector were higher appreciated by students. 
Reputation factor was higher appreciated by 
students from public universities than 
students  from private ones. On the 
contrary, Staff Attitude factor was higher 
appreciated by students from private 
universities than students  from public ones.  

The difference between the school year: 
There were no significant differences 
between students from a various school-
year in general satisfaction. 

5. DISCUSSION, LIMITATIONS 
Reputation is the most influential factor in 
student’s satisfaction. Compared with the 
original study of Abdullah (2005), in 
HEdPERF scale, the most important factor 
was Access, followed by Reputation. 
According to research by Ashim Kayastha 
(2011)   at   a   number   of   universities   in 
Thailand, the Reputation has the greatest 
impact on the satisfaction of the students. 
Thus, as can be seen, there was a similarity 
in results of different studies. May be due to 
the conditions  of culture,  society,  
education  of Vietnam has many similarities 
with Thailand and Malaysia. 

Compared with the original scale, the scale 
of   SQ in education has staff attitude factor 
instead of non-academic aspect factor. 
Naturally, there was a separation in non- 
academic aspect factor into  two factors: 
staff attitude and staff expertise; and there 
was a few change of variable in accordance 
with the conditions of Vietnam, there was 
almost no change in the factors. This may 
be due to educational environment in 
Vietnam do not have much difference from 
the educational environment  in  the  
original  scale.  On  the other hand, it may 
be concluded that HEdPERF scale is an 
appropriate scale for education sector and 
unnecessary to adjust as much as 
SERVQUAL, SERVPERF. 

Due to limitation of  time and resources, the 
study was limited in some ways as follows: 
Some variables affecting student’s 
satisfactions are not included in this study 
such as: service cost, image, student 
expectations…etc. The research  was  
conducted  among  students  in universities  
which  were  in  Ho  Chi  Minh City. So 
they are not able to be generalized for  other  
parts of  Viet  Nam…  This  is  a direction 
for further research. 
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Table 1. Reliability test and Exploratory Factor Analysis result 

Factorial 
axes Items Factor 

loading 
Cronbach’s 

alpha 

A
A

 
(A

ca
de

m
ic

 a
sp

ec
ts

) 

Lecturer has a large knowledge in his major  0.708 0.894 
Lecturer is thoughtful and polite 0.690 
Lecturer always supports to student when needed 0.681 
Lecturer has a positive working attitude toward students 0.661 
Lecturer has a good ability to communicate clearly and easily to understand 0.655 
Lecturer frequently feedback to students to let them know the course and 
study result of students. 

0.646 

Lecturer is always willing to contact with student and full-responsibly counsel 
to them. 

0.627 

Lecturer has a good evaluation menthod 0.557 
Lecturer is experienced and good at specialist knowledge. 0.548 

R
E 

(R
ep

ut
at

io
n)

 

My university is professional and has good reputation. 0.802 0.861 
My university has good facilities (dorms, classrooms ...) and learning devices 0.748 
My university has outstanding academic activities (high prize in the Olympic, 
scientific researches ...) 

0.709 

My university applies the quality program (ISO 9001, TQM ...) or quality control. 0.629 
My university has many outstanding extracurricular activities. 0.609 
It is easy for graduates to find a job 0.596 
The activities of communist youth union were carried out efficiently 0.587 

PI
 

(P
ro

gr
am

 Is
su

es
) My University  has many study programs (formal, high quality, international 

cooperation ...) offered to students. 
0.723 0.812 

The study programs are flexible and convenient for students. 0.703 
My University  has many faculties for student to choose. 0.586 
We are fully provided with study courses and lectures 0.551 
The number of credits of our course is appropriate 0.545 
End of semester exams are held reasonably and timely 0.440 

(S
A

) 
St

af
f A

tti
tu

de
 When students need support, staff (staff from departments, faculty clerk ...) 

are always available for help. 
0.813 0.801 

The staff solve requests / complaints quickly and efficiently 0.761 
The staff  comply with the plan, commitment and regulations of the university. 0.672 
Staff have positive attitude, communicate politely, courteously to students. 0.492 

A
C

 
(A

cc
es

s)
 The services (tuition, course registration ...) are provided in a reasonable time. 0.807 0.828 

Students are treated fairly and with respect 0.718 
It is easy for students to express their opinions, their perspectives to the university 0.620 
Students easily communicate with staff, lecturers. 0.601 
The procedures for services providing are simple, convenient and fast. 0.593 

SE
 

(S
ta

ff
 

Ex
pe

rti
se

) 

Staff store the education record accurately and retrievably 0.721 0.722 
Staff has good knowldge related to their profession. 0.649 
The staff sercue the students’information. 0.558 

Table 2. Regression Analysis result 

Model Unstandardized Coefficients Standardized 
Coefficients t Sig. 

Collinearity 
Statistics 

B Std. Error Beta Tolerance VIF 
1 (Constant) -0.505 0.287  -1.757 0.080   

AA 0.168 0.066 0.132 2.541 0.012 0.533 1.878 
RE 0.276 0.060 0.230 4.631 0.000 0.581 1.720 
PI 0.163 0.063 0.142 2.588 0.010 0.479 2.088 
SA 0.113 0.052 0.107 2.188 0.029 0.600 1.668 
AC 0.350 0.056 0.320 6.198 0.000 0.537 1.862 

 Dependent Variable: Y       
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ABSTRACT  
The existence and development of convenience franchising stores in Ho Chi Minh City are indispensable to meet 
the demand of people. With mixed methods to enhance service quality for the whole store system, factors affecting 
the satisfaction of customers are emphasized in order to help the owners of convenience store chains focusing on 
key solutions. According to the research result in this paper, four factors, which possibly decide the customer 
satisfaction toward service quality in convenience store chains, are people, products, service, and places.  

Key words: convenience stores, franchise systems, service quality, satisfaction of customers. 

 

1. INTRODUCTION  
Ho Chi Minh City is the leading city in the 
economy of Vietnam with more than 9 
million citizens. As the development of the 
economy, citizen living standard is 
increasing significantly, and the people are 
willing to spend more money for better 
service with convenience. Moreover, Ho 
Chi Minh City is a potential market for 
retail trading, especially, convenience stores 
chains area new modern shopping system in 
the period of economic integration. 
However, traditional distribution channels 
still account for 80% market share [1], 
which causes many disadvantages for 
convenience stores in launching into a new 
market and expand its market share.  

Convenience store appeared primarily in 
State of Texas in 1972 [2], and then it 
developed dramatically widespread in The 
US, mainly for petrol station. However, this 
business model has been diversified 
products and services in Japan, and became 
popular all over the world. The convenience 
store chains has become the most successful 
in the world by applying franchise, for 
example, 7-Eleven, Inc., Shell Oil Products, 
BP North, Chevron Corp., Exxon Mobil 
Corp., Alimentation Couche, Marathon Oil 
Co., Sunoco Inc., CITGO, Valero Energy 
Corp. etc. In particular, 7-Eleven, Inc., Shell 
Oil Products, and Citgohave 100% of 

convenience store franchises in different 
countries [3]. 

Masan Mart Convenience Store appeared 
in Ho Chi Minh City in 2011. When 
Vietnam opened the distribution service 
sector after joining the WTO, many foreign 
brands such as Circke K, Family Mart, 
MiniStop, became popular among 
customers in Ho Chi Minh City. 

Table 1 shows that the number of 
convenience stores in Ho Chi Minh City 
increased rapidly in the last two years. In 
early 2013, there are 448 stores, and then 
reached to 724 in one year later (increased 
61.2%). It illustrated that Ho Chi Minh 
customers got familiar to these stores and 
was willing to spend money for these 
services. 

2. RESEARCH MODEL  
2.1  Definition of Convenience store  
According to NACS – National Association 
for the C-Store – Convenience stores are 
retail stores in crowded public areas to 
facilitate the demand of consumer products 
(primarily food and petrol) and services. 
Accordingly, basing on areas and business 
items, NACS divided convenience stores 
into six categories including Kiosk, Mini C-
Store, C-Store Selection Limited, Limited 
Selection C-Store, Traditional C-Store, 
Expanded C-Store, Hyper C Store. 
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Table 1. Number of Convenience stores in Ho Chi Minh city, called in unit (store) 
District 4/2012 1/2013 1/2014 District 4/2012 1/2013 1/2014 

District 1 38 67 106 Phu Nhuan 23 23 40 

District 2 16 18 15 Binh Thanh 47 53 56 

District 3 22 23 49 Tan Binh 19 21 54 

District 4 11 19 19 Tan Phu 7 12 28 

District 5 21 23 26 Binh Tan 7 7 17 

District 6 18 20 25 Go Vap 7 10 34 

District 7 10 18 21 Thu Đuc 13 16 21 

District 8 16 18 53 Hoc Mon 16 17 23 

District 9 5 6 14 Cu Chi 11 15 20 

District 10 13 15 32 Binh Chanh 3 4 6 

District 11 17 18 23 Nha Be 1 1 27 

District 12 14 14 3 Can Gio 7 10 12 

Source: List of Convenience stores – Ho Chi Minh 
City Department of Industry and Trade 

Total 362 448 724 

There are no formal concept and regulations 
for convenience stores in Vietnam. 
According to the draft of the Ho Chi Minh 
City Department of Industry and Trade for 
the regulation on organization and operation 
of convenience stores: "Convenience stores 
are the type of the stores which has shelves 
designed like a supermarket model or the 
standard of supermarket; Their operations 
are consistent with the development of the 
local district; general business or business in 
specific sector; There is awide range of 
products which has good quality and safety 
for customers; For general stores, it needs to 
have 50% of the goods are food items, and 
staple foods; Meeting the standard of store 
space, facilities, and form of business; 
Convenient service models meet the demand 
of purchasing of the customers; Customers 
choose goods by themselves, and check out 
at the counter in the store.” 

2.2 Factors affecting to the service quality 
Service quality is intangible product judged 
by feeling and feedback from customers. 
Service quality should be evaluated by two 
aspects: the service providers and service 
outcomes [4]. The difference between 
customer expectations and their perceptions 

of what service they received is the basis 
for measuring service quality [5]. Service 
quality is also reflected in the interaction 
between customers and employees of 
service providers [6]. 

Factors affecting the service quality are 
researched in different perspectives 
including: (1) Credibility - the ability to 
provide appropriate services punctually in 
the first time; (2) The response - staffs are 
willing to provide services to customers in a 
timely manner; (3) serving capacity - 
provide professional services with affable 
attitude; (4) Empathy - the caring attention 
to each client; (5) Tangible Media - good 
appearance and outfits of the staffs, and 
equipments to perform the services [7]. 
These factors have been tested in many 
sectors as well as in retail services. 

Retail service is a process that begins when 
customers come into the store until goods 
are sold to customers, and after-sales 
service is performed. The elements 
constitute retail services, including people, 
product, service, place, and marketing.  

 People: the staff involved in operating 
activities which support to the sales 
process. This factor plays the most 
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important role to create customer 
satisfaction, and it is a measure to assess 
service quality of the business. 

 Product: Product is a pivotal factor in the 
retail process, which is extremely important 
for linking between enterprises and 
customers. Products must meet the 
requirements of quality, diversity, well-
informed design, safety, and attractive 
layout. 

 Services: Service is theelement used to 
support to customers  in the purchasing 
process. These services contribute to 
distinguished one retail business from 
others. The modern retail stores usualy 
ensure provide good services to customers, 
including delivery, serving customer 
requirements, convenient parking area, 
accurately payments, and serving time.  

 Place: Location is the most important 
factor determining success or failure of the 
business. Although other factors involving 
price, service, and so on very important, 
good location is a major factor that attract 
consumers. It is important to locate the store 
in the place where provides a good 
opportunity to recover the initial investment. 
The store location should be convenient for 
all people, for example, near residential 
areas, factories, schools etc. 

 Marketing:  For new retail business as 
convenience stores, marketing is an 
important stage that attracts the attention of 
potential customers as well as acknowledge 
the existence of the business. There are some 
common marketing program used for retail 
business, including advertising, promotions, 
holding event on holidays, birthdays; 
directly marketing, and VIP cards etc. 

2.3 Research model and hypothesis  
Based on theory analysis, the research model 
that is used to assess service quality in 
convenience stores is illustrated in figure 1:  

 
Figure 1. Research model 

 Hypothesis:  
H1: Customer perception of employees will 
possitively affect service quality in the 
convenience franchising stores.  

H2: Customer perception of products will 
possitively affect service quality in the 
convenience franchising stores.  

H3: Customer perception of service will 
possitively affect service quality in the 
convenience franchising stores  

H4: Customer perception of store location 
will possitively affect service quality in the 
convenience franchising stores 

H5: Customer perception of marketing will 
possitively affect service quality in the 
convenience franchising stores 

3. METHODOLOGY  
This research was carried out in two steps: 
the primary study uses qualitative methods, 
and the formal research describes 
quantitative methods. Results of group 
discussion and pair discussion have 
identified the official scale with 25 
observed variables of five factors that 
customers care about the most.  

Quantitative research is conducted by 
directly interviewing customers. Number of 
questionnaires collected was 155 (86.1%) 
satisfied the necessary rate to design the 
sample size (5:1) [8]. Out of that, 61.9% 
were male (96 people), and 38.1% were 
female (59 people). The majority 
ofresponses in the sample size are in the age 
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of 18-25, and the income is about 3-5 
millions per month. 

4. RESEARCH RESULT  
4.1 Scale testing 

Table 2: Reliability coefficient Cronbach 
Alpha of scale 

Name of scale Variance Cronbach's Alpha 

Products (PR) 5 0.847 

People(PP) 5 0.875 

Services(SE) 5 0.797 

Places (PL) 5 0.805 

Marketing (MA) 5 0.809 

Source: result of processing survey date 

Table 2 indicates Cronbach’s alpha 
coefficient of all scale were standardized 
(>0.6), meaning that the scale has high 
reliability coefficients. 
The test results showed that Bartlett's 
between variables are correlated to each 
other (sig. = 0.00 <0.05), in which KMO 
coefficient equals to 0.829 and is more than 
0.5, demonstrating the appropriateness of 
grouped variables. 
Eigenvalues equals to 1.410 and is more 
than 1, so 25 variables were classified into 
5 groups. The total variance, which 
extracted is 62.245% (it is more than 50%), 
then it should be accepted. This shows that 
these five groups can be explained that the 
impact of 25 variables is 62.245%. 
The index weighting variables are greater 
than 0.5 should meet the requirements. Each 
scale on the People, Products, Services, 
Places, and Marketing include 5 observed 
variables used in standardized scales. 
4.2 Liner regression analysis 
Evaluating the correlation between the 
dependent variable and the independent 
variables for correlation results in the same 
direction in four variables PR, PP, SE, PL 
and service quality in convenience stores, 
with a significant level of expertise (Sig.) 
equals to 0.000 that is more than 0.05, 
meeting conditions. In particular, MA is 

marginally significant variables tested with 
Sig. = 0.534>0.05, which means that its 
explanation for the services quality in 
convenience store is very poor, hence, do 
not take this variable into the regression 
equation. 

After checking the assumptions of model, 
the value of adjustment coefficient R2 is 
0.837, meaning that linear regression 
models were constructed in accordance 
with the data of 83.7%. In other words, 
more than 83.7% difference in assessing 
satisfaction level of the service quality in 
convenience franchise systems in Ho Chi 
Minhcity. This shows that the results of 
data collected gave good explanation for the 
pattern. Durbin-Watson coefficient = 1.909 
in the range of (1.5, 2.5), showing no 
autocorrelation phenomena. 

From the results of the regression analysis, 
the acceptance of variables (Tolerance) is 
relatively good (as low as 0.579), and 
Variance Inflation Factor (VIF) is not 
greater than 10 (the largest is 1,726 <2). 
The assumptions about the relationship 
between the independent variables are not 
violated and no multi-collinearity 
phenomenon. The independent variables 
involved in the model are connected with 
the dependent variable, and the ability to 
use the regression coefficients to explain or 
to quantify the relationship between the 
dependent variable and independent 
variables. The standardized coefficients β 
shows that all 4 factors have a linear 
relationship with service quality in 
convenience stores (Sig.t = 0.00 <0.05). 

The multiple linear regression analysis after 
being criticized by a factor of β is 
normalized as follows: 

Y = 1.300 + 0.349X1 + 0.397X2 

+ 0.430X3+ 0.507X4 + ε  (1) 

where Y is the service quality in 
convenience store; X1 denotes people; X2 
describes Products; X3 is Services; X4 is 
Places; ε describes there main 
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5. CONCLUSION AND 
RECOMMEN-DATION  

Place factor has the highest impact on 
service quality (β = 0.507), which shows that 
customers are really concerned about the 
location of convenience stores. Customers 
are also interested in the service at the store, 
which is illustrated through regression with 
the second highest β =0.430. Product is 
ranked at the third factor impacting service 
quality (β =0.397). Employees (β= 0.349) is 
the last factors that customers are interested 
in evaluating service quality in convenience 
stores. Overall, all these factors have the 
influence on service quality, and how 
important the differences among these 
factors are not much. 

According to research results, these 
following recommendations are given in 
order to improve service quality in the 
convenience franchising stores. 

 Firstly, finalizing policies for 
employees.Forexample, building a wage 
policies and welfare schemes for the best 
staff of themonth, this will increases 
motivation to work for employees. In 

addition, it should provide training policies, 
such as training selling skills, professional 
knowledge, attitude, and increase foreign 
language ability for staffs. 

 Secondly, improving product quality. 
Periodically checking products in store in 
order to prevent the damaged and out of date 
products; The products in the store are 
ensured about the quality and origin in order 
to attract the customers; building a good 
relationship with suppliers to ensure stable 
source of products with competitive prices. 

 Thirdly, trying to make service perfectly. 
Having a switchboard to answer questions 
and receive complaints from customers in 
all the stores; Shortening delivery time, and 
delivery within a radius of only 15 kms or 
less to ensure the accurately and timely of 
delivery. 

 Fourth, increasing the number of  stores: 
Survey results show that customers 
appreciate the convenience of the location of 
the stores. Therefore, it need to increase the 
number of storeslocating in main street, and 
near crowed public, hospitals, and schools. 
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ABSTRACT 
This paper concerns with solutions for supporting industries of the leather footwear in Vietnam. During the 
development, in general, Vietnamese industries have not paid attention supporting industries, which play an 
important role. It means that this will lead to the lack of appropriate policies, the poor recognition of industry 
role and process approach. In order to estimate the developing opportunities of the leather footwear industry in 
the era of globalization and the value chain, a corresponding concern for research policies should be apply to 
develop supporting industries based on sector and location. This proposed article shows a few general solutions 
in order to discuss with colleagues related to the supporting industries. To get the specific solutions, it needs to 
have an overall study with appropriate scale and scientific research for the development of the supporting 
industries in leather footwear sector in in Vietnam. 

Keywords: supporting industry, leather footwear, specific solutions, research policies. 
 

1. INTRODUCTION 
The economy of Vietnam is in the process 
of joining regional and international 
economic integration. This creates 
tremendous business opportunities but also 
contains threats to the development of local 
businesses, including the businesses of the 
leather footwear industry. When leather 
footwear enterprises engaged into global 
business chains, the division of labor will 
inevitably arise. For example, the 
disputation on islands between Vietnam and 
China causes many bad impacts on some 
enterprises importing raw materials. 
Therefore, it is necessary to develop 
supporting industry in leather footwear 
sector [1-2]. 

In Ho Chi Minh City, leather footwear 
industry is providing more than 80% 
products for domestic market, but there are 
only 10 enterprises investing in supporting 
industries, and only two of them meet the 
requirements of exporting market. 
According to exporting enterprises, 
domestic raw materials have quite high 
price, but not meet the quality requirements 
of international markets such as American 
market or European market. 

Currently, localization rate of leather, 
synthetic leather and decoration materials are 
only at 30%, 40%, and 45% respectively. In 
general, supporting industries in the leather 
footwear sector is facing a lot of problems. At 
first, outsourcing production is born under the 
influence of customers in importing 
supporting materials. On another hand, 
enterprises including enterprises with national 
investment and private enterprises in 
supporting industries in leather footwear 
sector give weak performance on the 
qualification, scale, and market access, plus 
product quality is unstable. These only meet 
the domestic demand and could not meet the 
requirements of foreign investors. As a result, 
it is urgent to do research in order to find out 
solutions for the development of supporting 
industries in leather footwear sector.  
2. METHOD AND SOLUTIONS 

In recent years, the development status of 
the footwear industry has exposed a lot of 
problems in Vietnam. Considering the 
domestic market, the domestic leather 
footwear enterprises have much weaker 
position than foreign invested ones. Data on 
exports of Vietnam business sectors in 2013 
as shown in Table 1 (cited from Vietnam 
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Leather, Footwear and Handbag 
Association). 

Table 1. Export turnover according to the 
business sector in 2013 in thousand USD 

Business 
sectors 

Shoes Suitcase - 
bag - 

backpack 

Total 

FDI 
Enterprise 6,520,298 1,198,340 8,718,638 

Domestic  2,005,110 654,135 2,659,245 

Total 8,525,408 1,852,475 10,377,883 

On the other hand, the Vietnam’s leather 
products are bearing enormous competitive 
pressure from China. In terms of the value 
chain, Vietnamese leather footwear industry 
is mainly outsourcing, thus focusing on the 
process of low added value is a problem. 
This limits the ability to develop the sector, 
diminishing the diffuse impact of 
technology as well as broadening to attract 
FDI. Outsourcing is primarily due to cheap 
labor, which is not the advantage so that we 
can sustain for a long time. 

The Trans-Pacific Partnership agreement 
(TPP) promises to open up opportunities for 
Vietnam’s leather footwear products to have 
large market. At the same time, according to 
the schedule, leather footwear products of 
Vietnam will also enjoy preferential tax rate 
of 0% if exporting to the countries of the 
TPP instead of the current 14%. However, to 
receive this incentive, enterprises have to 
raise the localization rate, but this is the 
weakness of our domestic leather footwear 
enterprises due to having to import most of 
material input. 

For a long time, the leather footwear 
industry have not paid attention to develop 
supporting industries, which lead to the lack 
of appropriate policies, the poor  
recognition of industry role and process 
approach. In building policies, the concept 
of supporting industries are currently 
unclear, and there is no formal definition 
about supporting industries in Vietnam. 
Meanwhile, Japan has many researches 
about Vietnam supporting industries, 

especially, the researches of Kenichi Ohno, 
Junichi Mori, Kyoshiro Ichikawa were 
established on Vietnam Development 
Forum (VDF). This shows that the special 
attention foreigner investors pay to 
supporting industries in Vietnam, simply 
because they want to achieve the long term 
efficiency and potential from every penny 
related to their investment. To grasp the 
opportunities to develop leather and 
footwear industry in the times of 
globalization and value chain, we need to 
take correlative care of research served to 
build policies of boosting supporting 
industries in HCM city. 

In recent years, the Vietnam government 
has introduced many policies aimed at 
developing domestic supporting industries. 
Especially, decision No. 12/2011/QD-TTg, 
dated February 24, 2011 of the Prime 
Minister on policies on development of a 
number of supporting industries, with 
Decision No. 1483/QD-TTg, dated August 
26, 2011 of the Prime Minister 
promulgating the list of products of support 
industries prioritized for development, in 
which there are 6 priority development 
items: leather; leatherette; tanning 
chemicals; salted skin; shoe-thread. At the 
same time, there are many conferences to 
propose solutions to development for 
supporting industries in general and leather 
footwear industry in particular. However, 
the work in reality is not as expectations, 
and in the situation of "do less, take more". 
The reasons for that are partly due to 
Government's policies are not effective, the 
promotion of supporting industries 
development is not attractive enough to 
attract investments, and partly due to the 
efforts of each enterprise, and the poor link 
among enterprises. 

2.1 Leather footwear industry: there are 
three following problems in Vietnam 
[2-3]. 

 Firstly, almost of supporting materials 
are imported. According to the data of 
Vietnam Leather and Footwear Association 
(LEFASO), the total export turnover of the 
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first 6 months is 4.8 billion USD [4-5]. 
With the high speed of economic growth, 
the footwear industry in 2014 is predicted 
to reach at 11 billion USD in the export 
turnover. Although the leather footwear 
industry has quite good trade surplus, but 
the localization rate of the strategic 
materials remains very low, especially most 
materials are still imported from China, 
creating a potential risk for the industry. 
Once the materials are largely dependent on 
imports, it is difficult to develop new 
products. Because the life cycle leather 
footwear products is low and product 
designs change rapidly. Vietnamese leather 
footwear products often go out of fashion, 
and become both backward and inferior. 
Currently, nearly 100% leather footwear 
enterprises do outsourcing manufacture, so 
they are affected in importing material by 
their customers. Besides, supporting 
industries mainly concentrated in Ho Chi 
Minh City, Hanoi and Southern provinces. 
For example, leather products, leather, faux 
leather, suture materials, glues, and ink 
removers. However, these materials are 
imported from China, Taiwan, Hong Kong, 
Italy etc. The reason is that these materials 
do not meet the standard quality, such as 
hard, poorly heat-resistant, and cannot be 
used in curing technology. Some units 
could be produced with thin faux leather, 
and soft enough to use in collar lining or to 
decorate sneakers. However, because of 
low level of outputs and the rapid change in 
designs, the leather footwear enterprises 
usually import these materials from 
oversea. In addition, faux leather 
technology requires large investments, and 
there is the lack of synchronization between 
leather footwear industry and other 
industries. A number of raw materials for 
production are still imported, such as PU, 

PVC, and plasticizers. This affects strongly 
on product prices because of adding import 
costs and transportation costs. In practice, 
the total turnover increases months of early 
2013 as shown in Table 2 (cited from 
Vietnam Leather, Footwear and Handbag 
Association) 

 Secondly, enterprises in supporting 
industries in leather footwear sector give 
weak performance on the qualification, 
scale, and market access, and product 
quality is unstable. There is a disparity in 
standards of quality between domestic and 
foreign products, therefore, these products 
are mainly served in domestic, and could 
not meet the requirements of foreign 
investors. Meanwhile, the number of 
supporting industry in leather footwear 
sector increase rapidly in these years. 
However, there are many problems existed, 
including small scale, weak resources, low 
business efficiency, and low ability to raise 
capital investment, weak organizational 
management, low technological innovation, 
and lack of equipments. Advertising and 
marketing capacity are limit, therefore, 
most businesses still could not build a 
strong brand, reputation, and credibility, 
especially for the quality, among other local 
and international leather footwear 
enterprises. These companies have not had 
a stable business strategy for supporting 
industry in the leather footwear sector, and 
almost are still concurrent with other 
industrial sectors. Some leather footwear 
companies performed iterative process, 
together with producing some supporting 
products for their own, and sell to other 
nearby businesses, which invisibly reduce 
business efficiency because of small-scale, 
high costs, and unstable quality. Especially, 
the environmental issues and safe and 
health work environment are inadequate.  
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Table 2. Import turnover of raw footwear materials by six months of early 2013 in USD 
 

Market 
 

June, 2013 
Deviation 

between June 
and May, 2013 

(%) 

Deviation 
between June, 
2013 and June, 

2012 (%) 

 
Six months of 

early 2013 

Deviation between 
six months of 

early 2013 and 
2012 (%) 

Total 
Turnover 308,429,086 -21.13 +14.66 1,764,040,946 +17.24 

Chine 92,382,285 -28.19 +17.41 559,885,616 +24.19 

Korea 66,722,550 -7.35 +25.69 334,754,370 +19.88 

Taiwan 33,906,038 -26.13 +9.11 206,939,729 +5.33 

Hong Kong 15,084,921 -41.43 -13.09 108,309,278 +1.17 

Japan 18,188,055 -14.38 -12.59 94,980,019 -7.32 

America 15,791,050 -20.23 +2.83 84,563,311 +18.09 

ThaiLan 11,377,651 -16.23 +2.95 66,776,128 +14.34 

Italia 11,953,542 -24.43 +34.03 58,347,968 +40.96 

India 6,430,778 -20.17 +9.88 37,955,076 +22.82 

Brazil 5,436,426 +29.50 +62.39 33,169,621 +24.13 

Indonesia  4,659,403 -7.72 +57.74 25,128,852 +27.29 

Argentina 3,393,106 +2.62 +90.03 18,623,784 +51.19 

New 
Zealand 

2,016,044 -24.47 -11.10 15,719,656 +118.60 

German 1,958,986 -35.72 +8.41 14,312,688 +24.66 

Malaysia  1,783,695 -24.36 -4.44 11,049,852 0.00 

Pakistan  1,329,031 -26.80 +8.23 9,732,124 +33.15 

Australia  1,706,114 +28.93 +24.65 8,348,145 +36.21 

Spain 911,592 -52.24 -32.82 7,717,782 -3.97 

United 
Kingdom 

2,760,164 +78.00 +214.49 7,575,758 +27.38 

France 520,342 -52.55 -53.23 4,285,768 -23.76 

Poland 414,887 -49.96 -13.95 3,784,645 -34.77 

Canada  384,979 +32.25 -55.18 1,901,547 -48.41 

Singapore  168,389 -3.89 -2.46 1,189,381 -19.82 

Austria 121,256 -80.48 -43.38 918,314 +14.19 

Netherlands 157,428 +45.57 -62.65 888,640 -5.71 

 

 Thirdly, poor infrastructure, 
factories, low technology, and weak 
production management caused a high cost 
of overheads compared with other 
countries, such as the cost of transportation. 
The enterprises are inactive in trade 

relations, seeking partners, inefficient 
coordination of production and lack of link 
between primary producers and suppliers, 
between different suppliers, and between 
FID enterprises and local businesses. 
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Figure 1. The difficulty of the footwear business [6] 

2.2 Solutions: To partially overcome these 
shortcomings, six fundamental 
solutions are proposed as follows: 

 Firstly, focusing on our strength 
categories to produce, including 4 groups: 
shoe forms, soles, heels, paper and 
packaging materials, and fabrics made 
footwear. Then, creating favorable 
conditions to encourage plastic industry to 
promote supporting materials productions 
synthesized from PU, PVC, and TPR, 
which are used to produce faux leather 
uppers, soles, heels, and shoe-form. 
Boosting manufacture in Texon board and 
packaging materials. Promoting woven 
fabrics sector to weave fashion and high 
quality textiles with traditional feature to 
produce uppers. 

 Development of supporting industries in 
the leather footwear sector is towards 
specialization and modernization. Bounding 
into scales of production, business capacity, 
and overcoming limitations such as high 
cost, low quality, weak brand still not access 
to the production networks and international 
distribution systems. Thus they can meet the 
input requirements for the leather footwear 
industry and increase the localization rate of 
the industry. Since then, enhancing the 
added value of the leather footwear products 
to facilitate the Vietnam leather footwear 
industry, especially for exporting to grow 
stably, sustainably, and efficiently. 

 Secondly, it can encourage the leather 
footwear enterprises to jointly build 
material factories for the leather footwear 
industry, with a view to promoting the 
production and supply to support 

themselves under the contract on the basis 
of trusting and making sure about the 
autonomy of time, stability and quality. 
Moreover, the establishment of industrial 
clusters is a positive and essential trend to 
enhance the efficiency of each inside 
enterprise. It means that Industrial clusters 
(IC) creates a change in production scale. 
When enterprises join into a cluster, they 
were linked together into a network, which 
will easily attract clients and suppliers. In 
particular, clients, such as assemblers, often 
do not pay attention if they operate 
separately. However, if a series of 
enterprises focus on producing a kind of 
good, the market of that product will be 
gradually formed. When they associate in 
clusters, labour share will be more 
convenient and they also easily find the 
necessary workforce. In addition, industrial 
clusters help them to enhance productivity 
when sharing experience in technique, 
technology, and organizing production 
management. Enterprises can also reduce 
input costs if sharing material orders, 
minimize the cost due to the lack of 
information or price squeeze. Besides, 
clusters help them to diversify products, 
improve technical capacity, human 
resources, improve access to markets, 
approach big clients. In more developing 
scale, industrial clusters can develop into 
industrial parks that provide components, 
such as mechanical parts, plastic parts and 
electronic components. 

 Thirdly, investment with research and 
selection can promote the highest potential, 
taking into account the future development 
of the country's industrial structure. In 
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particular, it can attract investment from 
developing countries to invest in the 
technology sector, and high quality 
supporting materials. The transfer of 
technologies, equipments, and raw material 
producers should pay attention to ensure 
friendly environment, for example, reduce 
noise, dust, steam, smoke, and saving 
energy. In addition, it can encourage the 
reuse of supporting materials to reduce 
environmental emissions and disposal costs. 

 Fourthly, when looking for partners, 
many organizations and enterprises with 
investments from EU countries, USA often 
require product quality and social 
responsibility. Especially, these partners 
have to apply and ensure system standards 
such as ISO 9000 and SA8000. Therefore, 
enterprises in supporting industries in leather 
footwear sector want to participate in the 
value chain of the organization and these 
enterprise should quickly implement quality 
control in accordance with these standards.  

 Next, an important factor in attracting 
foreign investment capital for labor-
intensive industries as supporting industries 
in the leather footwear sector is the low 
labour cost. However, foreign enterprises 
also needed the high quality workforce with 
specific knowledge and certain skills. As a 
result, to easily attract foreign investment, it 
is an urgent need to train a high quality 
workforce while maintaining the 
advantages of the low labour cost. 

 Finally, the Government should facilitate 
and encourage domestic leather footwear 

enterprises use local supporting products. 
For example, applying preferential tariffs 
for domestic supporting materials in leather 
footwear sector in order to promote greater 
use of domestic products. Protecting 
domestic market by measures to combat 
commercial fraud, counterfeiting and 
smuggling goods. 

3. CONCLUSION 
For a long time, the leather footwear 
industry have not paid attention to develop 
supporting industries, which lead to the lack 
of appropriate policies. In building policies, 
the concept of the supporting industries are 
not clear as well as formal definition about 
the supporting industries in Vietnam. 
Meanwhile, developed countries such as 
Japan and European regions have many 
researchers about Vietnam supporting 
industrial environment. In addition, the poor 
recognition of the industry role and process 
approach play an important role in order to 
capture with the opportunities to develop the 
leather footwear industry in the era of 
globalization and the value chain. There 
should be a corresponding concern for 
research policies to develop the supporting 
industries based on sector and location. This 
article proposed a general solution in order 
to discuss with colleagues in the workshop. 
To get the specific solutions, one needs to 
have an overall study with appropriate and 
scientific scale for the development of the 
supporting industries in leather footwear 
sector in Vietnam. 
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ABSTRACT 
In the market economy in Vietnam at present, the realization of the green economy and the performance of social 
responsibility of enterprises in business still limited. Therefore, the issue of economic growth as well as the 
strengthening of the social responsibility in business of Vietnamese enterprises, is a problem has been growing 
awareness more fully, more correctly, more seriously, and they have more and more positive step, especially in 
recent years. This problem is receiving increasing attention of the Communist Party of Vietnam, the State and 
the society in Vietnam, in the context we are facing growing threats from issues of exhausted natural resource, 
environment are abused , polluted increasingly serious, climate change, the issue of sea level rise, the issue of 
primary forest was devastated ... So, to this point, the society in Vietnam needs to have acutely aware than ever 
about the issue of green growth and its impact on the enhancement to perform social responsibilities of 
enterprises in Vietnam business, this will be a direction properly and actually needed. While fully consistent with 
the development trend of the world in its current condition.  

Keywords: green economy, social responsibility, environnement, sustainable development, market economy, CSR… 

  

After over two decades of continuous 
brown development, Vietnam has to deal 
with the consequences resulted from the 
massive exploitation and inefficient usage 
of natural resources, causing the severely 
damaged environment and the imbalance of 
ecosystem as well as climate change, etc. 
Those consequences directly threaten the 
long term development of the country in the 
future against the unparalleled 
socioeconomic effectiveness. As a result, 
Vietnam is now facing with the risk of the 
depletion of natural resources, the reduction 
of habitat quality. One of the factors 
directly pushing the country into this 
situation is business components, which are 
enterprises, organizations, or individuals 
participating into production/business 
activities nationwide. They are willing to 
put their own benefits over the 
consequences caused by their activities that 
badly affect the socioeconomic life. 
Witnessing the dark side of the global 
overheated economic development, 

particularly in Vietnam, it is time we 
acknowledged that it is not getting 
economic growth at any costs that matters 
but undertaking “green economy” in the 
way of effectively utilizing natural 
resources, protecting the environment, 
raising people’s living standard, resolving 
poverty from the root to ensure the rapid 
but sustainable and long-term development 
of the country. Therefore, studying “green 
economy” and its impacts on the 
performance of Vietnam’s corporate social 
responsibilities in the context of the market 
economy is essential, especially while 
Vietnam has to deal with many issues 
arising from businesses’ lack of awareness 
and their habit unattached with CSR for the 
three recent decades of formation and 
development of the market economy.  

1. GENERAL OVERVIEW ON THE 
GREEN ECONOMY IN VIETNAM 

Since 1987, sustainable development has 
been mentioned all over the world. Its basic 
content is to protect the biosphere, survival 
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and long-term development of the mankind. 
This also means to ensure the coherence 
and the development of the human, social 
and natural world. The theory of sustainable 
development has been advocated because of 
its human-centered development, which 
serves for the sake of human being and 
does not bring about bad effect on the 
coming generations but continuously 
maintains and further develops the 
achievements, rather than risked with 
pollution, natural resource depletion or 
regional and global environmental erosion. 
In this context, implementing Green 
economy has been the most concerned issue 
that has been discussed, applied by many 
countries and has become the solution for 
almost every country by the end of the 
twentieth century and the beginning of the 
twentieth first century. 

Green economy is defined by the United 
Nations Environment Programme (UNEP) 
as an economic model that helps improve 
human well-being and social equity, while 
significantly reducing environmental risks 
and ecological scarcities.  

Although Green economy has not been 
clearly and fully defined and understood in 
many countries, it has become a favor trend 
in the worldwide. Transforming into Green 
economy model is considered as a strategy 
for countries to achieve their goals of 
sustainable development, of which 
economic development, social development 
and environmental protection are ensured to 
be balanced and harmonious. Implementing 
Green economy requires countries to define 
their specific goals, direction, route, scale 
as well as approaching methods based on 
each country’s economic characteristics, 
natural, cultural and social resources, level 
of development, etc. 

The Green economy initiative was launched 
by the United Nations Environment 
Programme (UNEP) in 2008 in response to 
the fact that the world had to deal with 
multiple crises, including climate and 
biodiversity crisis (increase of emissions of 
greenhouse gases and imbalance 

ecosystem), energy crisis (energy price 
shock in 2007-2008), food crisis (rising 
food price and shortage of food in some 
areas), water crisis (water scarcity) and last 
but not least, the financial crisis and 
economic recession in 2008-2009. The old 
economic model, in which economic 
activities heavily rely on fossil fuel and 
rapid growth through excessive use of 
natural resources without concerning 
environmental and social issues, has no 
longer been appropriate. Therefore, it is 
vital the world seek for a new economic 
development model that ensure 
environmental quality, reduce the risk of 
imbalance ecosystem and climate change 
while also ensure sustainable utilization of 
natural resources as well as maintain social 
equity in order to create favorable 
conditions for sustainable development. 

Green economy along with social 
development and environmental protection 
are the three main missions of sustainable 
development, which is the best solution for 
the aim of developing sustainably of every 
country. It is an environment-friendly 
economy that relies on clean energy, and 
reduces the emissions of greenhouse gases. 
It is an economy that grows in depth, 
consumes less energy, encourages 
technological innovation, strengthen 
ecological industry towards the goal of 
sustainable development, hunger 
eradication, poverty reduction and equitable 
development. 
A green economy is characterized by 
sustainable growth of economic sectors that 
have the ability of maintaining and 
increasing the benefits from the natural 
resources of the Earth. Those sectors 
consists of renewable energy, low-carbon 
transportation, clean technology, advanced 
waste management system, energy saving, 
sustainable agriculture, forestry and 
fisheries, and so on. In short, green 
economy is a less carbon emission 
economy that can save resources and create 
social equity.  
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2. THE IMPACTS OF GREEN 
ECONOMY ON PEOPLE’S 
AWARENESS AND THE 
IMPLEMENTATION OF CSR IN 
THE MARKET ECONOMY OF 
VIETNAM 

According to Group Private Sector 
Development of the World Bank (World 
Bank - WB): Corporate Social 
Responsibility (CSR) is the commitment of 
business to contribute to sustainable 
economic development, through the 
activities aimed at improving the quality of 
life of workers and members of their 
families, communities and society as a 
whole, in a way that benefits both 
businesses as well as the overall 
development of society.  

In recent decades in Vietnam, boosting the 
process of industrialization and 
modernization has made the country’s 
economy transform from agricultural 
development into the industrial and modern 
development. However, during the 
implementation of industrialization process, 
an extreme issue concerning Vietnam’s 
environment has been exposed. For a long 
time, almost all enterprises and individual 
businesses in the nationwide have ignored 
selecting appropriate raw materials, 
technologies and researches to manufacture 
environment-friendly products as well as 
omitted the process of handling waste from 
manufacturing to protect the living and 
business environment. All of these have left 
serious impacts on the quality of 
environment, directly affected Vietnam’s 
sustainable economic development, 
negatively impacted on public health and 
seriously violated business regulations in 
business accordance to the green economy 
associated with the green growth strategy. 

Although maximizing profit is always the 
goal of all businesses in the market 
economy, pursuing profit at any costs is not 
the true, civilized and socially responsible 
way of running a business. Especially when 
Vietnam is implementing a policy to 
develop green economy, it is required that 

enterprises clearly and fully acknowledge 
their implementation of social 
responsibilities in business activities to 
make them meet the requirements of the 
green economy model. 

In recent years, enterprises’ awareness of 
green economy in Vietnam was still limited, 
which inevitably led to irresponsible 
behaviors towards social community, 
caused by large-scale, medium-scale and 
small-scale enterprises, by state-owned, 
private and foreign capitalized enterprises. 
Those enterprises seriously violated the 
requirements of green economy model. 
Some consequences can be listed out 

• Firstly, the environmental pollution in 
industrial zones in Vietnam is at an 
alarming rate. In most of the industrial 
zones, during the operation, many 
enterprises have polluted not only the 
atmosphere but also rivers, canals and other 
water sources with toxic due to their failure 
in following the government's regulation in 
handling production waste. Some typical 
enterprises are Vedan Vietnam Corp. in 
Dong Nai province, Thanh Thai Company 
in Thanh Hoa province, Miwon Company 
in Phu Tho province, Van Dien Battery 
Company in Hanoi, Phu Dien Industrial 
zone in Hanoi, Lam Thao fertilizers and 
Chemicals Company in Phu Tho province, 
and some other thermal power plants, 
cement plants and chemicals plants. The 
consequences brought about by those 
enterprises resulted in severe pollution in 
the atmosphere, soil and water, disease 
increases to workers of those companies 
and to the inhabitants in the region. 

• Secondly, spontaneously mining and 
exploiting forestry and aquatic resources 
without long-term strategy direction led to 
the depletion, and even devastation of the 
national forestry, sea and river resources. 
Massive natural resources exploitation 
along with illegal wood, sand and coal 
harvesting have resulted in severe 
implications regarding issues of national 
resource depletion, greenhouse effect, 
climate change, rivers’ and streams’ flow 

663 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

change and bank erosion, saltwater 
intrusion, threatening inhabitants’ life, 
especially those who live in riverside or 
coastal areas. According to the Ministry of 
Natural Resources and Environment, every 
year the sand mining operation in Vietnam 
takes away the volume equivalent to a 15 
km2 island (Minh Chinh, 2013). 

• Thirdly, in production and business 
activities, many enterprises, particularly in 
handicraft villages, still associated with 
old-fashioned customs, used common but 
outdated technologies yet invested nothing 
in waste handling process (liquid, gaseous 
and solid waste); as the result, many 
regions in the nationwide faced with highly 
alarming pollution. According to the 
analysis of wastewater and drinking water 
at different places such as Van Mon, Da 
Hoi, Phong Khe (Bac Ninh province), Dong 
Tien, Kinh Mon (Hung Yen province), Bat 
Trang, Ninh Hiep, Van Phuc, Phu Do, 
Duong Noi, Thanh Tri, Phu Vinh, Chuyen 
My (Hanoi), Thai Phuong, Nam Cao (Thai 
Binh province), Vinh Bao (Hai Phong 
province), Huong Canh (Binh Xuyen, Vinh 
Phuc province), Thach Ban village, Thanh 
Tan (Quang Nam province), Cam Ne 
village (Da Nang province), Cat Dang 
lacquer village (Y Yen, Nam Dinh 
province), Dong Ho painting village (Thuan 
Thanh, Bac Ninh province), Non Nuoc 
stone carving village (Ngu Hanh Son, Da 
Nang province), Chu Dau pottery village 
(Hai Duong province), My Nghiep Cham 
brocade (Ninh Thuan province), Nga Son 
mat village (Thanh Hoa province), Phu 
Cam conical hat village and Ke Mon 
jewelry village (Hue province), Ninh Thuan 
ceramic tile village (Ninh Thuan province), 
etc., the report showed the biochemical 
oxygen demand (BOD) and chemical 
oxygen demand exceeding the Vietnamese 
standard 3-4 times, the dust concentration 
exceeding the standard 5-10 times, the 
amount of noise dozens time higher than 
permissible standard, the color and pH of 
water change resulted from the increase of 
organic matter in water causing bad smell 
and reducing dissolved oxygen (DO), 

adversely affecting the environmental 
habitat of aquatic species and water 
resource for inhabitants. The report also 
showed that used materials and chemicals 
discharged directly into the environment 
have caused changes to the air environment, 
badly affected livestock and crops, caused 
common diseases such as skin diseases, 
respiratory diseases, gastrointestinal 
diseases, eye diseases, ear diseases, 
gynecological diseases, etc. (Hong Vinh, 
2013). 

From the fact above, Vietnam’s enterprises 
nowadays raise more and more awareness 
of the socio economic risks that they and 
society suffer from. Therefore, they have 
developed their own awareness and 
undertaken more proper and reasonable 
actions towards implementing CSR in 
business operation accordance to the 
requirements of green economy model. 
They must understand better than any who 
that the realization of social responsibility 
in the market economy not only brings 
about benefits to the society but also 
guarantee both immediate and long-term 
benefits for them. 

Some significant outcomes achieved during 
the process of strengthening Vietnam’s 
enterprises CSR resulted from the green 
economy model that is currently 
implemented and replicated within the socio 
economic life can be listed out, such as 

• Firstly, with the goal of accessing to rapid 
technology innovation in the direction of 
modernization, Vietnam’s enterprises has 
hold a tendency of choosing, manufacturing, 
importing and applying new technology that 
brings about high productivity, improved 
product quality, lower cost, and at the same 
time harmless to the environment. For 
instance, enterprises in fields of metallurgy, 
mining, chemicals, processing, construction, 
etc. have chosen and used new high 
technological equipment in manufacturing 
process as weaving, dying, steaming, 
concrete mixing, milling, pressuring, ... 
which is more environment-friendly, more 
productive and higher quality. 
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• Secondly, many enterprises in the 
industrial zones, in remote islands (Co To, 
Phu Quoc, Con Dao, Bach Long Vi…), in 
tourist areas (Da Nang, Nha Trang, Ha Long, 
Vung Tau, Ba Na, Tam Dao, Sa Pa…) have 
gotten used to renewable energy that is more 
environment-friendly by utilizing natural 
energy resources such as wind power, hydro 
power, solar power.. in the process of 
manufacturing. They have replaced old 
furnaces using fossil fuels with those using 
electricity or liquidized natural gases; others 
have utilized renewable power by using 
solar power panels or water and wind 
turbines to directly provide clean natural 
energy for the process of manufacturing. 

• Thirdly, enterprises have paid more 
attention to raise awareness of protecting 
the environment by taking better care of the 
waste handling process. 

In fact, since many Vietnam’s enterprises 
violated the requirements of green economy 
model, the authority agency had to interfere 
and impose strict sanctions. This action had 
a deterrent effect and made positive 
changes in enterprises’ awareness and 
behaviors. Enterprises’ economic reports 
submitted to the authority agency must 
include contents regarding environmental 
protection along with their profit targets in 
business. This means Vietnam’s enterprises 
have been increasingly aware of their 
responsibility of protecting the living and 
working environment as well as the natural 
and social environment in the area. At many 
rural localities in Vietnam in Hanoi, Ho Chi 
Minh city, Bac Ninh, Hung Yen, Vinh Phuc, 
Quang Ninh, Hai Duong, Dong Nai, Binh 
Duong, Da Nang, Lam Dong, Hai Phong, 
Ha Nam…, the majority of enterprises 
comply with the regulations imposed by the 
local authority, which require all enterprises 
to collect their waste into specific planned 
area so as to make it easier to handle with 
modern technology before pumping into the 
environment. In recent years, many 
enterprises have also volunteered to 
participate in applying high technology to 
replace the old traditional one in 

manufacturing process like cooking, 
bleaching, crushing, blending, dying, 
steaming… and have actively supported 
building wastewater handling stations to 
provide clean water for residents in the area, 
such as Honda Motor Company (Vinh 
Phuc), Samsung Company (Bac Ninh, Thai 
Nguyen), Nam Son waste treatment 
complex (Hanoi), etc. In short, in 
manufacturing-business activities, 
enterprises’ voluntary activities into 
handling waste and protecting the 
environment, raising awareness of 
preserving the ecological environment have 
become an appropriate orientation under the 
law that has been implemented to meet the 
more strict requirements of business 
activities in the socialist-oriented market 
economy. This contributes to create 
favorable conditions for the stability of the 
society and promote economic development, 
build a sound and sustainable living 
environment and manufacturing 
environment at localities in the nationwide. 

• Fourthly, Vietnam’s enterprises have 
recently done researches and undertaken 
initiatives and successfully manufactured 
environment-friendly products such as 
biodegradable bags to replace plastic bags, 
bricks in building pavements and public 
constructions made of recycled waste, biofuel 
to reduce environmental pollution, Tan A Dai 
Thanh’s solar power water heater Thai 
Duong Nang to replace traditional heaters 
using fossil fuels, cement and adobe bricks 
made of ash and gaseous waste from Pha Lai 
thermal power plant, or the implementation 
of biogas project based on utilizing 
livestock’s waste to generate biogas… 

• Fifthly, Enterprises of all sectors in 
Vietnam nowadays has become more aware 
of building and implementing strategy of 
natural resource exploitation and utilization 
consistent with green growth campaign, 
whose contents are efficiently and 
economically utilizing and at the same time 
regenerating natural resources, mapping 
strategy for accurate evaluation of national 
natural resource reserves to build 
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exploitation and utilization strategy in order 
to better serve for the goal of economic 
development and the improvement of 
residents’ daily life.. 

• Sixthly, to help prevent environmental 
destruction due to outdated livelihood 
traditions and customs as well as people’s 
lack of awareness in localities, local 
enterprises have recruited more local labor 
force to create more jobs, increase income 
and contribute to improve the living 
conditions for local people, especially in 
remote rural areas like border areas, 
highlands such as Son La, Tay Nguyen, 
Ninh Thuan, Nghe An, Ha Tinh, Phu Tho, 
Lao Cai, Dien Bien, Lai Chau, Lang Son, 
Cao Bang, Quang Ninh, Quang Tri, Thua 
Thien – Hue, etc. Those actions have 
positively contributed to deal with the issue 
of local environmental damages resulted 
from deforestation for agricultural purposes 
or fishing with equipment causing 
environmental destruction (mine, explosive, 
and sweep net…) 

Commitment to perform CSR in business in 
accordance with the requirements of green 
economy in Vietnam is not only beneficial 
for society but also for enterprises 
themselves. It brings about both economic 
and social, immediate and long-term 
benefits for the enterprises. It promotes the 
reputation with customers, which help 
increase business contracts and orders of 
customers with the enterprises and expand 
the social relationships for enterprises. 
Moreover, it also contributes to raise 
employees’ awareness and responsibilities 
in work, enhance the loyalty of the 
employees with enterprises. It also helps 
increase the productivity and thus improve 
the competitiveness of enterprises in the 
market economy. 

3. RECOMMENDATIONS AND 
SOLUTIONS TO ENHANCE 
VIETNAM’S ENTERPRISES CSR 
IN VIEW OF GREEN ECONOMY 

To enhance Vietnam’s enterprises CSR in 
business in view of green economy model 

that is increasingly replicated in Vietnam, it 
is necessary to give out reasonable and 
effective solutions and recommendations 
from both the Government and enterprises, 
in both macro and micro perspective. 
Within the framework of an article in a 
scientific conference, I would like to 
propose some solutions below. 

3.1 Recommendations in macro perspective 

• On the national and international scale, 
enterprises must actively participate in 
seminars concerning the promoting of 
Vietnam’s enterprises CSR in business in 
the view of green economy thus discuss 
and make final decision on the awareness 
of this content among state management 
agency, enterprises community and related 
local and international organizations. 
Through such seminars, enterprises draw 
experience and practical lessons to apply 
in implementing CSR in their own 
business/manufacturing activities. 

• The government ought to quickly design, 
promulgate and frequently adjust regulations 
on the performance of Vietnam’s enterprises 
CSR in business in view of green economy, 
while clearly assign management tasks and 
deploy these regulations to related state 
management agencies, specify 
responsibilities and obligations of each 
related parties with specific sanctions in 
legal documents such as Law, international 
criteria or related Code of Conduct of other 
countries in the world.  

• It is vital to promote the role of business 
associations in promotion, encouragement, 
support and supervision the performance of 
Vietnam’s enterprises CSR in business in 
view of green economy with oriented 
strategies and specific plans. 

• Interdisciplinary agencies must 
frequently supervise the performance of 
Vietnam’s enterprise CSR in business in 
view of green economy to prevent 
enterprises from serious violations in the 
implementation. At the same time, those 
agencies must play an important role in 
consulting the law enforcement units to 
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deal with enterprises violating the 
regulations, such as Vedan Vietnam Corp., 
Miwon Vietnam Company, Phu Minh 
industrial zone… (violated environmental 
protection law), many enterprises running 
in fields of footwear, textiles, food 
processing (violated Code of Labor and 
Business Law..) hence bring benefits to 
enterprises, consumers and the society. 

• It is also essential to take advantage of 
public opinions from society and the 
national media to force enterprises that do 
not voluntarily perform their CSR in 
business in view of green economy model to 
comply with the legal provisions as well as 
to promote and replicate typical successful 
enterprises. 

3.2 Recommendations in micro perspective  

• Enterprises should carry out measures to 
educate and raise awareness for 
management staff and workers to perform 
CSR in business in view of green economy. 
Enterprises’ board of management must 
also fully understand and evaluate the 
importance and economic and social 
significance of CSR implementation in 
market economy in Vietnam. 

• Enterprises must design, publish and 
frequently implement documents related to 
their performance of CSR in business in 
view of green economy. On that basis, 
every member of the enterprises can 
contribute to the supervision, control and 
recommendation making immediately to 
the implementation of CSR in business. 

• Enterprises should proactively and 
creatively apply experience of domestic and 
foreign enterprises in performing CSR in 
business in view of green economy, on the 
basis of restructuring management and 
business operation in view of green 
economy. They also need to create better 
working conditions, encourage typical 
enterprises’ individuals and groups who is 
good at the performance of CSR in business. 

4. CONCLUSION 
In short, the performance of enterprises’ 
CSR in view of green economy model in 
socialist-oriented market economy has not 
been mentioned recently; in fact, it has 
always been mentioned for a while in the 
market economy in Vietnam. Nevertheless, 
this issue has been widely discussed and 
deployed than ever, especially when its 
economic and social significance has been 
recognized. In the context of recent tighter 
international cooperation and more fierce 
competitiveness, Vietnam’s enterprises 
must not only seek for ways to prove their 
potential abilities, competitiveness 
capability, position, role, and etc. but also 
build long-term credit, unique style and 
influence in the economy by giving efforts 
in performing CSR in business to meet the 
requirements of green economy. This will 
bring about enormous benefits for the 
society, and enterprises themselves, while 
build a foundation for the rapid and 
sustainable development of the nation in the 
current trend of global green economic 
development. 
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ABSTRACT   
The article aims to reveal and provide the genuine information on the transition of Vietnam’s Apparel Industry in 
an attempt to both encourage better comprehensive understandings of limitations and propose appropriate in the 
current global integrated trend leading to the sustainability for Vietnam’s Apparel Industry. The research design 
for this study consisted of a sequential mixed method approach including two-phase study: the qualitative 
research with interview phase and the quantitative one with online survey phase. Six generalizations in two 
categories of Vietnam’s Apparel Industry about limitations and solutions were found out and verified. Such a 
study should give the insight into the current and future issues in Vietnam’s Apparel Industry, which could help 
develop effectively and avoid failing strategies in this field. 

Keywords: Vietnam’s Apparel Industry, limitations, solutions, sustainable development. 
 

1. INTRODUCTION  
Due to the impact of the global economic 
crisis and the difficulty in accessing capital 
of domestic enterprises in recent years, the 
industrial production and consumption in 
Vietnam have significantly decreased [1]. 
This has affected the Vietnam’s Apparel 
Industry which is the leading industry with 
the export orientation [2]. In response, this 
sector has made efforts to overcome issues 
and continuously retained its highest 
position among other Vietnam industries 
with an average growth rate of 12 % which 
can be considered as a highly positive 
achievement [3, 4]. 

Besides, Vietnam's Apparel Industry is 
highly appreciated by solving the question 
of human resource in achieving this success 
its workforce which is young, skillful, 
quick-learning and progressive [5]. As 
result, Vietnam, the country that started 
from being a little known manufacturer on 
the world textile and apparel map, is now 
ranked the top five world's largest textile 
and apparel manufacturers [6, 7]. 

However, the actual export value resulting 
from this sector hasn’t yet achieved with its 

true potential. In fact, on the world textile 
and apparel map, Vietnam has only been 
known as a nation that is professional in 
Cut-Make-Trim orders [8]. Therefore, this 
apparel industry is not still considered as a 
completely key industry of Vietnam [4, 9] 

Stemming from the above reasons, 
improving the competitive advantage of 
Vietnam’s Apparel Industry by addressing 
limitations and suggesting strategic 
solutions become crucial. Furthermore, this 
is the macro-economic policy of the 
Government of Vietnam in "Decision 
36/2008/QD - TTg approved the strategy on 
development of textile and garment till 
2015 and orientations in 2020" [10]. 

2. METHODOLOGY: 
The research design for this study consisted 
of a mixed methods approach, utilizing both 
qualitative research in the form of in-depth 
interview and quantitative research in the 
form of survey. The interview made up the 
primary research indicated in sequential 
exploratory design of Creswell [11]: 
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Figure 1. Sequential Exploratory Design (b) 

The analysis of an in-depth interview and 
survey was performed in sequential order. 
According to Creswell, this sequential 
procedure allows the researcher to elaborate 
on or expand the findings of one method 
with another method. Using this mixed 
methods approach addressed key issues of 
Vietnam’s Apparel Industry and then 
proposed thorough solutions in order to 
improve the competitive advantage of 
Vietnam’s Apparel industry leading to the 
sustainable development. There was two 
phases in this study:  

1. The first phase was a qualitative 
exploration through in-depth interviews 
from selected participants representing 
different aspects of Apparel Industry 
including general managers or directors of 
state-owned manufacturers, joint-venture 
enterprises, private enterprises of Vietnam’s 
Apparel Industry [12] and various local 
universities in form of: 

• gathering  general information 

• asking open-ended questions of 
participants 

• analyzing data to form categories 

• looking for broad patterns, 
generalizations, or theories from 
categories. 

• relating generalizations or theories to 
past experiences and literature [11]                                                                      

2. The second phase was a quantitative 
research. Findings from this qualitative 
phase will then be used as research 

questions or hypotheses to test and to verify 
the authenticity and to assist in the 
interpretation of qualitative findings. This 
part will be implemented through online 
survey and the paper version of online 
survey form will be still available with 
some participants. Besides covering a broad 
variety of participants as in the interview 
phase, in order to improve the accuracy of 
findings, this phase extended to different 
regions in Vietnam country including the 
North, the Center and the South of 
Vietnam. Data collection and data analysis 
were carried out with the support of the 
useful online research tool available in the 
Qualtrics “Qualtrics Research Suite”. It 
allowed analyzing and pre-creating reports 
with 24 graphs, charts, and tables that could 
be presented online or exported to Word or 
PDF [13, 14]. In this phase, researcher will: 

• test or verify the theory  

• test hypotheses or research 
questions from the theory  

• define and operationalize variables 
derived from theory  

• measure and observe variables using 
an instrument to obtain scores [11].                                                                

The rationale for using both qualitative and 
quantitative data was that a useful survey of 
a wider representative group in apparel field 
could best be tested and modified only after 
a preliminary exploration of the topic with 
experts, officials, professors and 
entrepreneurs.  
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Table 1. Summary of Interviewees 

Interviewee Title of the 
Interviewee 

Name of Company Description of the Company 

Interviewee 
1 

- Vice 
President 
- General 
Director 

-Vietnam Textile and Apparel 
Association VITAS 
-Saigon 3 Garment Joint Stock 
Company Ho Chi Minh City 

-  Company business:  Clothing  
-  Company size: 75 million USD in  turnover 
and 2800 employees 
-  Main customer focus: US, EU, Japan 

Interviewee 
2 

Marketing 
Manager Protrade Garment Company 

-  Company business:  Clothing  
-  Company size: 40 million USD in  turnover 
and 2800 employees 
-  Main customer focus: US, EU 

Interviewee 
3 

Sales 
Manager Sonha limited company 

-  Company business:  Clothing, Embroidering.   
-  Company size: 20 million USD in  turnover 
and 1400 employees 
-  Main customer focus: US, EU 

Interviewee 
4 Vice Dean Faculty of Garment Industry 

and Fashion 
-  Company:  University of Technical Education 
-  Company size: 4400 students per year 

Interviewee 
5 

Vice 
Manager Phong Phu Corporation 

-  Company business:  Textile ,Clothing and 
Accessory 
-  Company size: 160 million USD in  turnover 
and 10000 employees 
-  Main customer focus: US, EU, Local. 

Interviewee 
6 

Head of 
department 

Viettien Garment Joint Stock 
Corporation  

-  Company business:  Clothing  
-  Company size: 285 million USD in  turnover 
and 20000 employees 
-  Main customer focus: US, EU, Japan, Local… 

Interviewee 
7 

Head of 
department 

Department of Technical 
Textile 

-  Company:  University of Technology 
-  Company size: 3950 students per year 

Interviewee 
8 Principal Ho Chi Minh City Vinatex 

Economic Technical College 

-  Company:  Ho Chi Minh City Vinatex 
Economic Technical College 
-  Company size: 4400 students per year 

 

3. RESULTS 
3.1 Results of Interview 
3.1.1 Category 1: Limitations 
Textile and Accessory Industries have 
not yet developed strong enough to 
supply well to the Clothing Industry. 

Interviewee 1: Since living costs continually 
increase in Vietnam, most of the business 
revenue must be spent on imported raw materials 
and other input costs although the processing 
cost has increased, this still cannot compensate 
the increase of living cost. 

Interviewee 2: Most of fabric sources for 
production must be imported since the Vietnam’s 

fabric is not of good quality and fabric 
characteristics are not stable enough to supply 
for domestic market. According to the Vietnam 
Textile and Apparel Association (VITAS), T&C 
Industry exports were $ 15.8 billion in 2011 
but imports accounted for $12.2 billion. Large 
volume of imports is the biggest weakness of the 
Vietnam Textile because the textile and 
accessory industries have not yet developed 
synchronously with the garment industry. This 
results in that lead-time is delayed mainly due to 
transit time of materials. Therefore derived from 
the above, textile and accessory industries need 
to attract foreign investment especially at the 
level stable-color dyeing stage. (Interviewee 3 
made the same comment). 
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Interviewee 4: Vietnam’s Textile and Accessory 
industries are considered the weakest 
disadvantage affecting seriously the clothing 
industry due to the following reasons: the textile 
machinery is too old, the new technology is 
applied slowly, and there is no creativities and 
improvements in design stage. These restrain the 
development of Vietnam’s T&C Industry. On the 
other hand, the soil for the development of textile 
industrial materials in Vietnam is blessed and 
convenient but when harvested, raw material 
products are often unsold or pressured in price. 
So, growers are not enthusiastic with the 
production. Meanwhile, every year Vietnam had 
to import cotton from abroad with a large 
volume. In the future when these weaknesses are 
overcome, it is expected that Vietnam T&C 
Industry has opportunities to develop leading to 
higher competitiveness. 

Interviewee 8: Although the government was 
concerned by raw material supply sources with 
representative policy, the development of T&C 
Industry 36/2008/QD-TTg of the Prime Minister, 
the effect of this policy has not met requirements 
about the development of T&C Industry. As long 
as Vietnam does not solve the problems in 
material supply source, we are still not developed 
this sector totally. This is a great restriction of 
the Vietnam T&C Industry. 

Inadequate and unstable human 
resources development  

Interviewee 1: In addition to worries about the 
raw material supply source, the T&C enterprises 
are facing concerns about the volatility and 
shortage of labor workforce. To reduce risk in 
labor movements at the lowest level, the Vietnam 
Textile and Apparel Association is 
recommending T&C enterprises to increase 
workforce stability by the appropriate wage 
policies and maintaining maximum welfare 
policies. 

Interviewee 2: The design capacity of Vietnam 
has not yet developed. Few Vietnam T&C 
enterprises have R&D departments to focus on 
market research and product development. Since 
manpower in this segment is weak and lacking, 
Vietnam enterprises produce T&C following the 
requirements of customer without their own 
product design or creativity.  

Interviewee 3: The competition for workforce 
inside and outside T&C Industry is leading to the 
shortage of human resources. This forced 
enterprises to get new workers, affecting the 
quality and delivery schedules. To avoid labor 
competition, enterprises need to build the 
company's culture; take more care of the mental 
and physical life of workers and make any 

workers feel proud to be a member in their 
enterprise. It is the best way to keep stable and 
adequate workforce (Interviewee 5 made the 
same comment) 

Interviewee 4: Human resources in T&C 
Industry are still weak and lacking. The training 
at schools of the whole country has not met 
needs of practical production process because of 
the uniformity and lack of methodology. Besides, 
the conscious discipline of majority workers is 
still poor. Therefore, enterprises are affected 
seriously by the interruption, loss of balance with 
these workforces.  

Interviewee 7: Vietnam’s T&C Industry has not 
yet built a long term strategy and has not clearly 
defined market segments that need to be targeted 
and not forcefully invested in the workforce. 
Therefore, when there is a transformation, they 
will not keep up. For example, there are 
restrictions in the investment for professionals 
and technical workers, engineers and managers, 
so when the orders require higher quality, 
Vietnam does not meet demand. In summary, 
these enterprises need to have clearly defined 
goals in 5 or 10 years that the company will 
target specific market segments and customers. 
This enables enterprises themselves to be more 
active and be able to react quickly when a 
change occurs.  

Interviewee 8: The training of human resources 
in Vietnam is still poor. Most management force 
and labor workforce of T&C enterprises have not 
been trained in a basically formal way from 
subjects they are trained. This causes great 
difficulty for Vietnam’s T&C sector. 

The development of own Vietnamese 
brands remains stunted. 

Interviewee 1: T&C Vietnamese brands like Viet 
Tien, Nha Be that are attempting to create a own 
brand is a new step in promoting the development 
of Vietnam T&C Industry. Although this brings 
no much profit in the short term, this will be the 
foundation for the Vietnamese fashion trademark 
to gradually gain a foothold on the international 
market in the long term.  

Interviewee 2: The potential of domestic market 
is very fertile due to following reasons:  Vietnam 
is a country with more than 90 million people; the 
economy of Vietnam is developing faster and 
faster; gaining higher and higher income; there is 
more and more expenditure in the field of T&C. 
Therefore, our enterprise has established a 
subsidiary, aiming to exploit the potential 
domestic market that includes product lines: shirt, 
cravat, trousers for business class segment with 
the own design trend associating with nature. 
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Interviewee 3: Nowadays, although Vietnam  is 
step by step shifting from doing CMT orders to 
FOB orders, those FOB orders are hidden under 
the brands from renowned global enterprises 
such as Puma, Quicksilver, Mango.... For 
sustainable development, Vietnam T&C Industry 
needs to build its own brand of fashion but there 
should be a reasonably taken route without doing 
all hastily in one night. 
Interviewee 4: In reality, for Vietnam's T&C 
Industry there is no any brand beyond the 
Vietnam‘s border. Some Vietnamese brand are 
considered famous brands in our own country as 
Viet Tien, Nha Be but products of these 
enterprises are still sold around the Vietnam local 
area. However, those enterprises are not strong 
enough to dominate the domestic market. 
Moreover, they have not highly focused on the 
study of consumer tastes and domestic market 
research but mainly paid attention to export 
market. Therefore domestic T&C products have 
no more chances approaching Vietnamese people. 
It is inevitable that products of Vietnam’s T&C 
Industry could not occupy the domestic market 
(Interviewees 5, 6 made the same comment) 
Interviewee 8: The development of own brands 
not only in Vietnam but also China has certain 
limitations. For example, China‘s exported 
products are manufactured only in China but still 
marked under major brands of the world. So both 
China and Vietnam are focusing on developing 
this aspect. Nevertheless, the development of a 
particular brand is a process that cannot be hasty 
(a brand might require tens or even hundreds of 
years to form and develop) and especially for 
country like Vietnam that has just overcome 
difficulties from war. Thus the construction of a 
Vietnamese brand that can become famous one 
and compete with the world is still long way to go. 

3.1.2 Category 2: Solutions 
Reducing the cost of production   

Interviewee 1: After applying the process LM 
(Lean Manufacturing), our enterprise has 
reduced overtime and the labor productivity has 
increased more than 10% over the same period. 
Together with LM, the company also applied 5S 
process (screening, sorting, ready, clean and 
care) for employees to work more professionally 
and orderly. 
Interviewee 2: Reducing the waste in production 
is implemented by improving work efficiency 
and increasing labor productivity. Specifically, 
our enterprise trained workers to streamline 
operations in production line, applied advanced 
information technology and improved 
management capacity in production to 
compensate cost from the inflation. (Interviewee 
4 made the same comment). 

Interviewee 3: Waste reduction in production is 
the problem that T&C enterprises are concerned 
about. When executing one order we must restrain 
to minimum both technical and management 
errors to have a significant profit. Through 
implementation of a logical production process 
and tight management system, we can be active in 
production and minimize waste in manufacturing. 
(Interviewee 8 made the same comment). 

Paying more attention to exploit the 
potential domestic market   

Interviewee 8: Vietnam’s T&C products 
supplying to the domestic market is still low, 
accounting for about 20 to 30%. It is shown that 
Vietnam's market remains a big “space” that 
foreign products especially from China dominated 
severely. Currently there are two Vietnam T&C 
enterprises such as Viet Tien and Nha Be that are 
exploiting quite well this domestic market. 
Therefore, to become more and more developed, 
Vietnam ‘s T&C Industry needs strong and 
policies such as buying some famous brands, 
giving it to the domestic garment manufacturing 
enterprises and then supplying customers of the 
domestic market. If Vietnam’s T&C Industry can 
fully exploit the potential of the domestic market, 
this would support the industry when the export 
market is coping with difficulties. (Interviewee 2, 
3 made the same comment). 

Improving industrial relations and 
training programs  

Interviewee 1: Customer requirements are not 
like before as the lead time is now only 60 days 
instead of 90 or 100 days before and 
requirements of design and quality control are 
also higher. If enterprises are not well prepared 
for human resources, production conditions, they 
cannot have orders to produce. 
Interviewee 2: There is a drawback in our 
enterprise that designers, business and technical 
staffs could not use English to work with 
partners and they need support from interpreters. 
Therefore, to overcome this drawback, our 
company is strengthening close ties with 
universities, colleges and vocational schools in 
order to attract the labor workforces having not 
only general knowledge but also good English 
communication skills. 
Interviewee 3: The training and knowledge must 
be built on the basis of practice. Hence, it is 
necessary for enterprises to build a closer bridge 
between enterprises and schools in order to link 
theoretical knowledge with practical production 
experience. Specifically, the training must be 
based on needs of enterprises without bypassing 
practical production process (Interviewee 4 
made the same comment) 

673 



 
 

Proceedings of The 2nd International Conference on Green Technology and Sustainable Development, 2014 

3.2 Findings of survey: 

 

# Limitations Not at all 
Important 

Little 
important Important Quite 

Important 
Very 

Important 
Average 
Value Mean 

1 

Textile and Accessory Industries 
have not yet developed strong 
enough to supply well to the 
Clothing Industry  

2 4 10 26 41 80.72 4.20 

2 Inadequate and unstable 
human resources development  0 8 28 27 20 56.63 3.71 

3 
The development of own 
Vietnamese brands remains 
stunted          

1 11 26 22 23 54.22 3.66 

 

# Solutions Min 
Value 

Max 
Value 

Average 
Value 

Standard 
Deviation 

1 Reducing the cost of production   9.00 100.00 68.96 26.57 

2 Paying more attention to exploit the potential domestic market   5.00 100.00 67.82 24.45 

3 Improving industrial relations and training programs   9.00 100.00 67.66 24.75 

 

4. CONCLUSIONS 
4.1 Category 1: To address and reveal 
limitations of Vietnam’s Apparel 
Industry 
That Textile and Accessory Industries 
have not yet developed strong enough to 
supply well to the Clothing Industry is 
evaluated by 81% respondents as the 
greatest disadvantage of Vietnam’s Apparel 
Industry. Textile and Accessory Industries 
are considered as the big barrier affecting 
seriously the acceleration of Clothing 
Industry in Vietnam.  Because most of 
fabric sources for production must be 
imported since the Vietnam’s fabric is not 
of good quality and has no stable enough 
characteristics to supply for domestic 
market. Therefore, in next coming years, to 
be able to overcome these drawbacks, 
textile and accessory industries need to 
attract foreign investment and exploit 
effectively the investment policy of 
government for this sector in order to 

encourage the development of domestic raw 
material and accessory sources. In this case, 
Vietnam’s T&C Industry will have more 
chances to develop effectively. 

57% of respondents showed that 
inadequate and unstable human 
resources development is the emerging 
disadvantage in recent year. The reason is 
that the training policies at schools of the 
whole country lack of uniformity and do 
not meet needs of practical production 
process. Moreover, the competition for 
workforce inside and outside T&C Industry 
in recent years has been leading to the 
shortage of human resources. To restrain 
these disadvantages, Apparel enterprises 
need to build a closer link between 
enterprises and schools to create a skillful 
and adequate labor workforce. Besides, 
enterprises also have to build the company's 
culture, take more care of the mental and 
physical life of workers and maintain 
maximum welfare policies. 
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Assessed by 54% respondents, the main 
disadvantage of Vietnam’s T&C Industry is 
that the development of own Vietnamese 
brands remains stunted. For Vietnam's 
Apparel Industry, there is no any brand 
beyond the Vietnam‘s border. Because the 
capacity in design stage is both weak and 
deficient, the development of Vietnamese 
fashion brand is coping with many 
difficulties. For sustainable development, 
Vietnam T&C Industry needs to build its 
own brand of fashion but there should be a 
reasonably taken route in the investment 
about financial and mental power for this 
sector. 

4.2 Category 2: To investigate and draw 
up strategic solutions for Vietnam’s 
Apparel Industry. 
The strategy “Reducing the cost of 
production” was in the third position with 
69 %. Waste reduction in production is the 
problem that the T&C enterprises are most 
concerned about in the current time. 
Through training workers to streamline 
operations in production line, applying the 
advanced information technology, 
implementing the appropriate technological 
processes and improving the management 
capacity of human resource in the 
production process, Vietnam's T&C 
enterprises will improve work efficiency 
and increase productivity to compensate 
cost from the inflation. 

That T&C Industry should pay more 
attention to exploit the potential domestic 
market stand in one in two last positions 
among the applicable strategies with the 
rate 68%. Vietnam's Apparel Industry 
market remains a big “space” that foreign 
products especially from China dominated 
seriously. Therefore, Vietnam's garment 
industry needs to plan logically strategies to 
encourage this market such as researching 
local market in depth, finding out the tastes 
of consumers, continue the movement 
“Vietnamese use Vietnamese goods” which 
leads to exploiting the potential domestic 
market most effectively. 

Evaluated the same rate with 68%, the 
strategy” Improving industrial relations 
and training programs” is also the last 
applicable one in the online survey. Since 
the requirements of customers are more and 
more intensive in the today fierce 
competition trend, if enterprises are not 
well prepared with their human resources, 
they cannot meet these customer’s 
requirements. Therefore, it is essential to 
build a closer bridge between enterprises 
and schools to attract the labor workforce 
both skillful and knowledgeable. 

5. RESEARCH LIMITATIONS: 
The survey results are not covering the whole 
Vietnam’s Apparel Industry since non-
probability convenience sample was used for 
the survey, and not a random sample of the 
entire Vietnam’s Apparel Industry.   

The interview process has the limited 
number of interviewees who mainly 
represented South Vietnam due to time 
constraints and insufficient relationships of 
the researcher. 

The lack of secondary data pertaining to the 
Vietnam’s Apparel Industry especially in 
English restricts complete analysis of 
research area. 

6. CONTRIBUTIONS: 
First, this is a relevant area for an Apparel 
Industry research in this South East Asian 
country since there is a lack of related 
information and publications, especially 
concerning literature in English. 

Second, together with the non-stop evolution 
of Vietnamese society and the rapid growth 
of its economy, the free culture exchange 
and the broadening international 
cooperation, in general, brought 
considerable changes in Vietnam’s Apparel 
Industry that have yet to be better examined. 

Such a study, therefore, should give the 
insight into the current and future issues in 
Vietnam’s Apparel Industry, which could 
help develop effective and avoid failing 
strategies in Vietnam’s Apparel Industry. 
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ABSTRACT 
Vietnam banking system in general and the system of commercial banks (CBs) in Vietnam in particular have 
made a positive contribution in the development of national economy towards industrialization and 
modernization. Vietnam's banking sector in the past year is considered as an industry leader in the integration in 
the world economy. In addition to these accomplishments, the banking sector is facing difficulties such as rising 
bad debts, unreasonable oustanding loan structure, small size of charter capital and total assets, high financial 
leverage ratios, declining profits, etc. Therefore, assessing the situation and proposing the solutions to healthy 
commercial banking system in Vietnam, towards sustainable development is urgently needed. The first section 
of this paper begins with the role of commercial banking system in the economic development. The next 
indicates the current situation of CBs in Vietnam. Finally, the third section concerns about some solutions for 
sustainable development of Vietnam banking sector .  

Keywords: commercial banks, banking system, sustainable development, economic development, bad debts. 

 
1. THE ROLES OF COMMERCIAL 

BANKS IN ECONOMIC 
DEVELOPMENT 

CBs hold a very crucial role in bridging 
various organizations, businesses and 
individuals together. By doing this, CBs 
can accumulate idle cash from the industry 
and disseminate idle cash back to the 
industry in the form of loans and 
investments, thus, boosting economic 
development (United Bank, n.d.). 

A strong commercial banking system has 
the following characteristics: 1) being able 
to collect idle cash, 2) being able to meet 
businesses’ demand for loans. However, it 
is important to note that these loans need to 
be carefully monitored to ensure the 
effectiveness in business development in 
both micro and macro-economic aspects. 
Businesses receiving these loans need to be 
able to boost production, generate income 
and pay back the loan interests (Hoang 
Duc, 2013).  

Thus, an effective commercial banking 
system will help to back the development 
of the economy. A weak commercial 

banking system results in the inability to 
collect idle cash and loan interest, 
increasing the amount of bad debt and 
loses. This does not only affect the bank 
itself but create a massive chain effect that 
affects businesses and thereafter, the entire 
economy. Many well-established CBs had 
gone bankrupt in America which 
subsequently leads to economic crisis that 
tremendously affected the global economy 
(KPMG Vietnam, 2013). 

2. CURRENT SITUATION OF 
COMMERCIAL BANKS IN 
VIETNAM 

2.1. Too many CBs in Vietnam  
As of June 2012, Vietnam financial 
institution system (Fis), consists of 05 
state-owned banks (SBs), 35 joint stock 
commercial banks, 01 development bank, 
01 bank for social policies, 50 branches of 
foreign bank, 04 joint venture banks, 05 
wholly foreign-owned banks and may 
financial companies, financial leasing 
companies, credit funds, etc. competing 
intensely in the market supplying credit 
services. Manyrural joint stock CBs have 
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transformed their operation structures to 
urban banks market since 2006. The 
operation structures of many JCBs have 
gone similar in terms of assets owned, 
network, financial and management ability 
and thus, targeting the same market group 
(To Ngoc Hung, 2013). Moreover, these 
CBs have been competing on increasing 
market share which does not go hand-in-
hand with the development of other 
industries. As a result, competition is 
mainly based on finding ways to attract 
creditors such as increasing the interest 
rates without concerning about their 
financial ability and the effectiveness of 
the borrowing plan. The repercussions 
involve rapid increase in interest rates that 
surpass State Bank target. This unhealthy 
competition has fueled many bad practices 
and litigation issues, affecting NHNN and 
the financial market as a whole (Nguyen 
Dinh Tu, 2011).   

2.2. Charter captital is still low 
According to Decree 141/2006/NĐ-CP, 
JCBs have to maintain the minimum 
charter capital of VND1,000 billion and 
VND3,000 billion at the end of 2008 and 
2010 respectively. However, there were 
only 28 banks meeting the minimum 
charter capital at the end of 2008 and 10 
other banks meeting the minimum 
requirement only at the end of 2009, which 
is 1 year behind the issue of Decree 141. 
As of March 2010, 21 in 39 JCBs had 
charter capital below VND2,000 billion 
and only 9 of them had charter capital 
above VND3,000 billion (Vebimo, 2010). 

Decree 10/2011/NĐ-CP was issued which 
states the required charter capital at the end 
of 2011 was VND3,000 billion. At the end 
of February 2011, there was a positive 
trend of charter capital in many banks, 
meeting the required benchmark of 
VND3,000 billion. The top in the chart is 
Agribank with VND20,708 billion, 
followed by Vietcombank with 
VND19,698 billion, VietinBank with 
VND18,712 billion, Eximbank with 

VND12,355 billion and ABC with 
VND11,252 billion. 

Comparing with other banks in the regions, 
charter capital of Vietnam CBs is 
considered very low. The most prominent 
banks in Vietnam, such as Agribank and 
Vietcombank, only have approximately 
USD800 million, way below other 
prominent banks in the region such as 
Mandiri (Indonesia) with more than USD2 
billion, Bangkok Bank (Thailand) with 
more than USD 3 billion and DBS 
(Singapore) with more than USD9 billion.     

As of now, the average charter capital of 
the top 10 banks in The Philipines is 
USD400 million, Indonesia USD800 
million, Malaysia and Thailand each more 
than USD1,000 million. Comparing the 
average charter capital of a group of banks 
in Vietnam with that of other countries like 
Thailand, Malaysia, Singapore and 
Indonesia, we can conclude that the 
number of banks in Vietnam is high while 
charter capital of each bank is low 
(Vebimo, 2010). 

2.3. Ineffciency of capital structure and 
instability of the source of capital 

Due to the high degree of fluctuation in 
interest rates coupled with undeveloped 
capital raising products that able to 
minimize interest rate risk for creditors, 
most of the capitals raised are short-term. 
High inflation rate also plays an important 
role in deterring investors from settling for 
long-term investments that may carry 
higher risks.  

According to the requirement in Circular 
15/2009/TT-NHNN which caps the 
maximum 30 percent of short-term loans to 
be distributed as medium- to long-term 
investments. This situation has resulted in 
the inability to provide medium- to long-
term loans of many banks. Thus, many 
CBS find it hard to strike a balance 
between collecting capitals and providing 
loans. In most cases, more than 60 percent 
of short-term capitals are used for medium- 
and long-term investments. This explains 
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why many CBs have been offering high 
interest rates to attract investors (To Ngoc 
Hung, 2013). 

The instability of the capital raised is 
usually due to the wrong focus of many 
CBs on increasing inrestest rates to attract 
investors instead of improving the 
investment tools. This results in the 
difficulty of retaining investors as 
investors constantly switch to other banks 
that offer higher interest rates (Nguyen 
Dinh Tu, 2011). 

Capital raising growth is lower than credit 
growth rate. This causes liquidity problems 
for CBs. Thus, they hadd to borrow on 
interbank market or the State Bank. 

2.4. High level of bad debts 
As of September 2012, credit loan balance 
and bad debts have amounted to VND2.7 
million and 8.82 percent respectively. This 
is a worrisome situation, however, has yet 
reached the alarming level. Moreover, The 
State Bank of Vietnam has achieved 
success in coming up with important 
policies to monitor bad debts and reduce 
its negative effects for the past year. In 
many Vietnam CBs, bad debts are mostly 
the result of inconducive business 
environment, inefficient credit policies and 
coordination failure between various 
industries (To Ngoc Hung, 2013). 

Worsening business environment is one of 
the main reasons that lead to detoriating 
credit loan quality and increasing amount 
of bad debts. Since 2008, Vietnam 
economy has been suffering from slow 
economic development and unpredictable 
fluctuation of inflation rate. High inflation 
rate has undermined the purchasing power 
of consumers. As consumers cut down on 
their consumption, domestic demand is 
reduced tremendously. At the same time, 
the global economic crisis also reduces 
demand for Vietnam exports which leads 
to loses and even bankruptcy (Nguyen 
Dinh Tu, 2011). 

 
Figure 1. Vietnam credit growth rate in the 

year 2001-2012 

Moreover, inefficient captital structure and 
risky investments also increase the amount 
of bad debts. Credit over GDP ratio has 
been very high for the past few years, 
showing that Vietnam businesses have been 
relying heavily on banking credits. 
Overutilizing financial leverage method 
also exposes many Vietnam businesses to 
higher risks whenever the financial market 
is affected. When the economy stucks in 
slow lane or the government implements 
macroeconomic policy aimming towards 
curbing inflation, the demand for 
investment and consumption reduces, 
inventory accumulation begins and 
receivables are stalled, business activities 
cannot make enough money to pay interest 
and principal. Consequently, overdue debts 
and bad debts arise. Moreover, there are 
many businesses settle for short-term loan 
to invest in projects with high risks such as 
the real estate industry. When such 
industries are in crisis, businesses find it 
hard to liquidate their position and generate 
sufficient cash flow from their core 
businesses to pay back the loan (Fetp, n.d.). 

 
Figure 2. Bad debts over total credit loan 

balance ratio of various CBs 
Source: Annual Reports, Financial Reports of some CBs 
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Judging from the above reasons, reducing 
the level of bad debts cannot be done over 
night. However, it is possible even without 
external helps. As more than 66 percent 
out of 73 percent loan outstanding balance 
are backed by real estate properties, 
solving the problem of real estate industry 
will have a carry-on effect with reducing 
the amount of bad debts. Moreover, it is 
reported that approximately VND12,000 
billion of bad debts has been settled from 
Provision for Credit Losses. Besides, new 
Provision has amounted to VND14,000 
billion. As such, most of bad debts can be 
settled with the help of a carefully 
monitored Provision for Credit Losses 
(Thanh Thien, 2012).  

 
Figure 3. Provision for Credit Losses over 

Loan Outstanding Balance Ration in the year 
2009-2011 

Source: Annual Reports, Financial Reports of some CBs 

3. METHODS TO STABILIZE 
VIETNAM BANKING SYSTEM 

3.1. Increasing Charter Capital 
Charter Capital is one important criteria to 
assess the scale of a Commercial Bank. It 
also helps to calculate various ratios to 
ensure safe operation of the bank. 
However, as explained above, Charter 
Capital in Vietnam is still low as compared 
to other banks in the region. This is a 
major disadvantage that Banking system in 
Vietnam is currently facing. There is a 
need to come up with more creative but 
practical methods to increasing capital, 
such as: (i) Boosting the process of 
equitization and formation of large-scaled 
Financial Corporation; (ii) Merging 
various small-scaled Commercial Bank to 

reap the benefit of economies of scale and 
network of loyal customers (Trinh Thanh 
Huyen, n.d.).  

3.2. Providing capital-raising plans that 
are suitable with the economic 
environment 

Constant fluctuation in inflation rate 
renders capital-raising plans with fixed 
interests unattractive, leading to short-term 
deposits and constant switching of banks. 
To minimize this problem, banks can come 
up with plans that offer interest-rates 
which move with inflation rate in the 
market. This helps banks to restructure its 
source of capitals, increasing the 
percentage of medium- and long-term 
deposits. Besides, other add-ons should be 
further developed to attract idle cash and 
stabilize the amount of capital raised 
(Nguyen Dinh Tu, 2011). 

3.3. Handling bad debts for healthy 
balance sheet  

There are various things to take note in the 
process of reducing the amount of bad 
debts: (i) Reducing the amount of bad 
debts is crucial in ensuring safe and 
smooth operation for each Commercial 
Bank and the entire Credit System as a 
whole; (ii) The responsibility of reducing 
bad debts belongs to the bank itself and not 
the government (Nguyen Thi Mui, 2010). 

However, based on the current situation of 
high level of bad debts, leaving individual 
banks to settle the problem is not 
sustainable as the reason also lies within 
other individuals and businesses. Hence, 
there is a need for The State Bank of 
Vietnam to work hand-in-hand with 
various CBs. 

- Setting up a department in the State 
Bank that specializes in dealing with bad 
debts using the capitals from issuing 
Government Bonds. In Hungary, The State 
Bank can   

- Setting up new department specialized 
in dealing with bad debts using the capitals 
that come from issuing Government bonds. 
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In Hungary, The State Bank allows banks 
to transfer bad or old debts into bonds with 
the maturity of 20 years. This department 
uses Government bond to exchange for bad 
debts or participate in the restructuring 
process of businesses that do not have the 
ability to pay back the loan. By doing that, 
Government’s share in CBs will increase. 
Although this method is costly, it allows 
the State Bank to easily monitor various 
CBs in order to restructure the banking 
sector in Vietnam. 

- The rest of bad debts should be settled 
by the bank itself. The State Bank of 

Vietnam should constantly monitor the 
process to ensure that credit loans are 
issued in line with rules and regulations 
(Nguyen Thi Mui, 2013). 

4. CONCLUSION 
In a nut shell, the operation of Vietnam 
CBs is unstable and greatly affected 
whenever there is a change in the macro-
environmnet. More effort should be put 
into restructuring each commercial bank to 
build a strong foundation which will back 
the development of the entire system and 
the economy. 
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