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TÓM TẮT 

Nghiên cứu này được thực hiện nhằm đánh giá kinh tế các lựa chọn các giải pháp hạn chế ô 
nhiễm do việc phát triển chăn nuôi bò sữa ở huyện Gia Lâm, Hà Nội - nơi có số bò sữa tăng nhanh 
trong thời gian gần đây. Kết quả nghiên cứu cho thấy, chăn nuôi bò sữa đã tạo ra ô nhiễm và mức độ 
ô nhiễm tăng theo quy mô chăn nuôi. Ô nhiễm từ chăn nuôi bò sữa đã gây tác động xấu đối với môi 
trường, sức khỏe của cả người và vật nuôi. Tuy nhiên, do thiếu vốn và thông tin, nhiều nông dân 
chưa thực sự quan tới việc giải quyết vấn đề ô nhiễm. Trong các lựa chọn để hạn chế ô nhiễm, 
biogas được đánh giá là tốt nhất về khía cạnh kinh tế và môi trường. Tuy nhiên, mở rộng mô hình còn 
nhiều khó khăn. Lựa chọn công nghệ xử lý ô nhiễm phù hợp đối với từng khu vực, tăng cường sự hỗ 
trợ về kỹ thuật và tài chính của Chính phủ, khuyến khích phát triển mô hình biogas trên diện rộng, 
thay đổi hành vi của các hộ nông dân, vận dụng các nguyên tắc người gây ô nhiễm phải chi trả là các 
giải pháp chính để phát triển mô hình. 

Từ khóa: Biện pháp hạn chế ô nhiễm, chăn nuôi bò sữa, ô nhiễm. 

SUMMARY 

This study provides an economic assessment on pollution control options of dairy cattle raising 
households in Gia Lam district, Hanoi province where dairy cattle rapidly increases recently. 
Observations indicate that the pollution resulting from dairy cattle breeding increases with the scale 
of production, causing negative impacts on environment and heath of both people and animals. 
However, due to the lack of capital and information, farmers do not pay due attention to solving 
pollution problem. Among available pollution control options, biogas digesters are found the most 
economic and environmental options. However, the expansion of the technology is still facing with 
difficulties. Choosing appropriate pollution control strategy for each region, government’s technical 
and financial supports, changing behavior of the local residents, and application of pollutant pay 
principle are the main solutions to expand the chosen technology.   

Key words: Dairy cattle, pollution, pollution control options. 

1. INTRODUCTION  

Animal husbandry is one of the two major 
economic sectors in agriculture. The number of 
animals increases overtime with average annual 

growth rate of 1.58 percent, 5.12 percent and 6.21 
percent for cattle, pig and poultry, respectively. 
The numbers of cattle, pig and poultry are 
projected to be 7,874.43 and 34,065.31 thousand 
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heads for cattle and pig and 371.0 millions for 
poultry, respectively in 2010. Household dairy 
cattle raising was found very suitable in rural 
areas that maximizes the use of labor force 
efficiently  as well as agricultural by-products, 
and has significantly contributed to farmers’ 
income, nutrition status , and positive change in 
growth of the economy (Nguyet, 2000). The 
demands for milk and milk products are 
increasing through time from 2.4 liters per capita 
in 1994 to 4.1 liters in 1995 and 8.0 liters in 2002 
and to 20 liters in 2010. Demand for milk and 
milk products of Hanoi will be 75,000 liters daily 
in 2010 (Ministry of agriculture and rural 
development- MARD). The high demand for milk 
has stimulated the development of dairy cattle. 

Therefore, dairy cattle breeding  is rapidly 
developed, especially in sub urban areas of Hanoi 
and Ho Chi Minh cities. However, it causes air 
pollution due to  daily manure disposal since cow-
houses are located nearby or connected to 
households. Water also becomes polluted due to 
untreated wastewater discharge to gardens, ponds, 
and rivers . This causes negative externality effect 
on health of both people and cow through 
consuming polluted water and air. The pollution  
tends to increase recently since the local residents 
currently paid more attention on economic aspect 
of the production and number of dairy cattle has 
increased rapidly. The pollution in some places is 
too serious that local residents feel difficulty in 
breathing (Cuong, 2001, 2002).  

2. MATERIALS AND METHODS 
The study was conducted in Gia Lam district, 

a suburban area of Hanoi, where dairy cattle raising 
is  rapidly developed. Three communes were 
chosen  as research sites, namely Phu Dong, Trung 
Mau, and Duong Ha, where dairy cattle were 
rapidly developed.  

Three samples of households included 10 
households that keep cattle in their backyards 
without installing biogas generators, 12 dairy cattle 
raising households with small biogas digester 
installation; and 20 households that did not raise 
cattle but were directly affected by dairy cattle 
raising households. Other 3 dairy cattle raising 
households with large biogas digester installation in 
Binh Duong province were chosen to collect 
necessary information with purpose of testing the 

feasibility of large biogas digester in the North. The 
information on waste management practices, 
perceived impacts of pollution on their property 
values, biogas digesters, benefits of different waste 
management options, and other necessary 
information were collected. The collected data were 
generalized to commune level. 

The Hedoric pricing method and CBA (Cost 
benefit analysis) were applied to measure the 
environment quality and to calculate the costs and 
benefits of each alternative pollution control 
option. The costs of each pollution control option 
include initial capital equipment, labor, water, 
chemical treatment, manure transportation, other 
fuels used for each option. The benefits include: 
the value of animal waste produced as compost, 
value of fertilizer sold if any, value of biogas 
generated, residual of capital equipment, and 
value of property that used as indicator of 
environment quality. All costs and benefits were 
calculated for 15 years basis based on the life time 
of biogas digester. Net present value (NPV); 
benefit cost ratio (BCR), and internal rate of 
return (IRR) were the main indicators used in 
BCA. The value of property was measured based 
on evaluation of property owners themselves, 
local commune authorities and property experts. 
The pollution was measured by perception of each 
selected household group through deep interview 
of selected households and local authority. The 
rank of alternative options was based on results of 
CBA, evaluation of selected households, and local 
authority.  

The sensitivity analysis was applied for three 
cases: the biogas lasting only 10 years, initial 
investment of biogas increase by 20%, biogas 
lasting 10 year and initial investment of biogas 
increase by 20%.  

3. RESULTS AND DISCUSSION 

3.1. Dairy cattle raising in Hanoi and in surveyed  
        communes 

By 2010, Hanoi has 199,639 cows of which 
dairy cattle  are 7,009 heads mainly concentrated 
in Bavi, Gialam. The dairy cattle are mainly raised 
by individual households with the production 
scale of 1 to 10 cows per household (Quynh Dung, 
2010). The number of dairy cattle increases year 
by year with an average annual growth rate of 
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22.3 percent (MARD, 2010). The number of dairy 
cattle in Gia Lam  accounted for approximately 73 
percent of total dairy cattle of Hanoi and are 
considered as one of main income sources for 
those dairy cattle raising farmers (Nguyet, 2000).  
Dairy cattle raising contributed about 45-60 % 
total farmers’ income of dairy cattle raising 
households (Binh, 1997). 

In the research site, households have very 
small land area with average land area ranging from 
0.24 - 0.43 ha/household depending on communes, 
of which  home land and land used for animal shed 
are about 230 - 240 m2 and 24 m2/household, 
respectively. There were 493 dairy cattle raising 
households with an average of 2.2 cows per dairy 
cattle raising household. Total dairy cattle was 547; 
282 and 253 for in Phu Dong, Trung Mau, and 
Duong Ha in 2004, respectively. All animal sheds 
were located nearby or connected to resident 
houses. Among dairy cattle raising households, 38 
households have installed small biogas digesters. 
The remaining households kept the dairy cattle 
manure at backyards or sold it to middle men. 
There were no large biogas digesters found in the 
research sites. 

3.2. Household perception on environment 
          pollution 

For each household group, the households 
were asked about their perception related to eight 
environmental aspects including bad smell, well 
and gutter water pollution, difficulty in breath, 
running noise, headache, increase number of seeing 
Doctor, increase in health treatment, and 
environmental change as compared to previous 
time. The result from survey shows that pollution 
exists in dairy cattle raising households and the 
surrounding areas. However, the result differs from 
one group to another (Table 10). 

According to these households, dairy cattle 
raising caused very bad negative impacts. However, 
these negative impacts were much reduced when 
they installed biogas digesters.  

The dairy cattle raising households without 
biogas digester installation also admitted that the 
dairy cattle raising caused many negative impacts. 
However, the level of impacts have tended to smaller 

 
 

than those of households with small biogas digester 
installation. 

The none-dairy cattle raising households but  
affected by dairy cattle raising households without 
biogas digester installation declared that they  
suffered from negative impacts of dairy cattle 
raising households, especially households without 
biogas installation. One hundred percent of these 
households declared that the dairy cattle raising 
causes very bad odor and pollution. Other 
indicators were found higher than those of other 
groups such as: water very polluted: 70%,   
frequent headache: 20%, strongly increase number 
of seeing Doctor and increase in medicine,…  

3.3. Pollution control option  

3.3.1. Technical options 

There were some technical options to deal 
with the negative impacts of dairy cattle raising 
applying in Vietnam. These are: 

Traditional option 

In this option, dairy cattle manure is loaded in a 
settling tank located at the corner of cow-house or a 
hole in the garden nearby the cow-house. The 
manure is then covered by rice straw or rice straw 
cinder to reduce the bad smell. This method is 
normally applied in the rural areas in the North for 
pig raising. This option has advantages of simplicity, 
easy construction, lower cost to build. This option is 
very popular in the North of Vietnam, especially in 
the Red River Delta.  

However, it has some disadvantages such as: it 
needs more space, especially for large-scale 
production, because the waste is accumulated daily 
and becomes large amount after some months; the 
rice straw becomes more scare; Daily loading time 
and labor use for manure transporting are high, and it 
cannot generate income for household through the 
costs saved (e.g., gas generated by biogas option). 

Biogas digester 
A biogas tank is commonly known as a biogas 

digester that takes advantage of excrement from 
animals and humans in order to transform it into 
biogas (methane gas) as a source of fuel and 
organic fertilizer (Figure 1)....................................... 
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Household perception Household perception 

Dairy cattle raising with 
small biogas digester 

Dairy cattle raising with 
small biogas digester Item 

Before biogas 
installation 

without biogas 
installation 

Dairy cattle 
raising  
without 
biogas 

digester 

Non dairy 
cattle 

raising but 
directly 
affected 

Item 

Before biogas 
installation 

without biogas 
installation 

Dairy cattle 
raising 
without 
biogas 

digester 

Non dairy 
cattle 

raising but 
directly 
affected 

1. Smell     5. Headache     

1.1. Normal 0.00 83.33 0.00 0.00 5.1. Normal 33.33 91.67 30.00 10.00 

1.2. bad smell 0.00 16.67 60.00 0.00 5.2. Sometimes 58.33 8.33 60.00 70.00 

1.3. Very bad smell 100.00 0.00 40.00 100.00 5.3. Often 8.33 0.00 10.00 20.00 

2. Water pollution     6. Increase No of  
    seeing doctor     

2.1. No pollution 0.00 83.33 0.00 0.0 6.1. No increase 83.33 100.00 70.00 60.0 

2.2. Pollution 41.67 16.67 60.00 30.0 6.2. Increase 16.67 0.00 20.00 30.0 

2.3. Very pollution 58.33 0.00 40.00 70.0 6.3. Strongly increase 0.00 0.00 10.00 10.0 

3. Breath 0.00 0.00   7. Medicine 0.00 0.00   

3.1. Normal 16.67 91.67 0.00 10.0 7.1. No increase 83.33 100.00 70.00 70.0 

3.2. Difficulty 66.67 8.33 40.00 60.0 7.2. Increase 16.67 0.00 20.00 20.0 

3.3. Very difficulty 16.67 0.00 60.00 30.0 7.3. Strongly increase 0.00 0.00 10.00 10.0 

4. Running nose     8. Pollution     

4.1. Normal 33.33 100.00 10.00 20.0 8.1. As before 0.00 0.00 0.00 0.0 

4.2. Some times 66.67 0.00 80.00 70.0 8.2. More pollution 100.00 0.00 100.00 100.0 

4.3. Often 0.00 0.00 10.00 10.0 8.3. Much reduced 0.00 100.00 0.00 0.0 

D
airy cattle developm

ent, pollution consequences and pollution control option in H
anoi province 

Table 1. Pollution evaluation of dairy cattle raising households

Data source: Survey data, 2004 and 2008 
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Figure 1. Stages of manure decomposition in biogas digester 
  (Adapted from L.E. Lanyon and R.E. Graves) 

Lagoon option 
In this method, the waste is discharged into a 

pond and then  absorbed by some kinds of plants in 
the pond. Another alternative method is lagoon 
system that has not been much applied in Vietnam. 
This method has advantages of simplicity and the 
water can then used for irrigation. However, this 
method needs more space, especially for water and 
was found not applicable in the areas that 
households have small land  like Hanoi. 

3.3.2. Waste treatment practice in study area 

In the suburban area of Hanoi, most farmers 
raise pig with small production scale as shown in 
figure 2. 

Another manure treatment is biogas digester. 
The development of biogas digester is considered  
the best solution for pollution treatment (Figure 3). 

3.3.3. Proposed technical control options in the project  
          sites 

* Technical control option in the project sites 
- The base case: 
This is a traditional simple pollution control 

option. The waste is put into a whole at backyard or 
in the garden. The waste then used as fertilizer for 
crops. The main expenses of this pollution control 
option are cost of labor used for making the whole, 
collecting the waste; cost of water used for cleaning 
cow house; cost of chemical treatment, and the 
expense for other fuel used for family daily 
cooking. The benefit includes value of animal 
waste produced, property value differentials that 
evaluated by households themselves, estate agent, 
local authority, present as proxy values for 
environments or deterioration associated with the 
different waste management options. 

 

 
Figure 2. Traditional waste treatment in Hanoi suburban areas 
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Figure 3. Biogas digester treatment option in Hanoi 

- Small biogas digester: 
Some small biogas digesters are found in the 

selected communes. However, most of them are 
built under support of the Belgium dairy project. 
All of them are fixed dome types with the size 
range of 7- 8 m3. There were no other types found 
in the areas. The cost of this small biogas digester 
was about VND4.31 million  per biogas digester 
(2004 price), of which, 67.3% invested by 
household; 11.6% supported from project, and 
20.9% as borrowing. 

- Installation of  large scale biogas digester: 
There were no large biogas digesters  at the 

commune scale found in the North of Vietnam. The 
only one biogas digester with the size of 20 m3 was 
found in the study site. However, this did not 
operate well due to unstable of manure supply. The 
owner  used to raise pigs with large number but 
now  discontinues due to low production efficiency. 
The main purpose of this type of biogas digester is 
not economic but environment treatment. The cost 
and benefits of this option were computed based on 
survey of large biogas digesters in the South and  
adjusted for the North using built material in the 
South and price in the North.  

- Waste removal by middlemen: 
Most of dairy cattle households that do not 

install biogas digester have extra manure. These 
households in some communes like Phu Dong have 
to pay some money for the manure collectors who 
collect the extra manure and then sell it to farmers 
in other places as a source fertilizers used in 
vegetable and horticulture. 

* The selection of technical control option 
 

- NPV, net incremental and BCR analysis 
The NPV, net incremental and BCR results of 

alternative treatment option show that the small 
biogas digester is the best pollution control option 
among all other alternatives in terms of benefits, 
net incremental and BCR indicators. The large 
biogas digester rank second and waste removal 
option rank fourth (Table 2). 

* Ranking options 
The ranking of alternative pollution control 

options based on three aspects include: economic, 
environmental and practical feasibility.  The 
results showed that each pollution control option 
has its own advantages and disadvantages. The 
base case and waste removal options has first and 
second ranks in practical feasible indicator, 
respectively,  but very low ranks in terms of 
economic and environmental indicators. Small and 
large biogas digester options have low ranks in 
terms of practical feasibility but have very high 
ranks in terms of economic and environmental 
aspect, especially small biogas digester option 
(Table 3). 

3.3.4. Sensitivity analysis 
The sensitivity analysis was done for three 

cases. They are the biogas lasting only 10 years, 
initial investment of biogas increase by 20%, 
biogas lasting  10 years and initial investment of 
biogas increase 20%. The results showed that small 
and large biogas digesters  still have advantages in 
economic and environmental aspects and but have 
disadvantage in practical aspect. Small biogas 
digester is recommended to apply in the research 
area (Table 4). 
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Table 2. NPV, CBA net incremental results of alternative dairy waste treatment options

Item NPV 
(VND) 

Net increase as compared 
to  base case 

(VND) 
BCR 

1. Base case 

1.1 Total costs 17,374,730,756.4 - - 

1.2. Total benefits 81,389,368,299.2 - 4.68 

2. Install of small biogas digester 

2.1. Total costs 14,667,157,916.3 -2,707,572,840.1  

2.2. Total benefits 91,025,379,868.4 9,636,011,569.3  

2.3. NPV of net incremental benefit - 12,343,584,409.3 6.21 

3. Install of large scale biogas digester 

3.1. Total costs 14,987,851,311.9 -2,386,879,444.5  

3.2. Total benefits 88,926,061,916.4 7,536,693,617.2  

3.3. NPV of net incremental benefit - 9,923,573,061.73 5.93 

4. Waste removed by middlemen 

4.1. Total cost of waste remove case 22,223,154,240.3 4,848,423,483.88  

4.2. Total benefit of  waste remove case 82,996,259,310.0 1,606,891,010.9  

4.3. NPV of net incremental benefit - - 3,241,532,473.0 3.73 

Data source: Survey data 

Table 3. NPV of net incremental benefit and ranking of alternative treatment options

Ranking 

Pollution control option 
NPV of net 

incremental benefits 
(VND) 

BCA 
Economic Environment Practical 

feasible 

Base case - 4.68 3 4 1 

Install small biogas digester 12,343,584,409.3 6.21 1 1 3 

Install large scale biogas digester 7,536,693,617.2 5.93 2 2 4 

Waste removed by middlemen -3,241,532,473.0 3.73 4 2 2 

Source: Survey data  
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Table 4. Sensitivity analysis of alternative waste treatment options 

Ranking option 

Control option 

NPV of net 
incremental benefit 
as compared to the 

base case 

BCR 
Economic Environment Practical 

feasible 

1. Proposed case 
1.1. Base case 0.0 4.68 3 4 1 
1.2. Install small biogas digester 12,343,584,409.3 6.21 1 1 3 

1.3. Install large scale biogas digester 9,923,573,061.7 5.93 1 2 4 

1.4. Waste roved by middlemen -3241532473.0 3.73 4. 2 2 

2. Case 1. The biogas digesters last only 10 years 
2.1. Base case 0.0 4.68 3 4 1 
2.2. Install small biogas digester 9,209,018,745.3 6.02 1 1 3 
2.3. Install large scale biogas digester 7,416,814,610.3 5.80 2 2 4 
2.4. Waste roved by middlemen -2,508,144,154.2 3.73 4 2 2 

3. Case 2. Initial investment of  biogas increases 20 % 
3.1. Base case 0.0 4.68 3 4 1 
3.2. Install small biogas digester 12,343,584,409.3 6.21 1 1 3 
3.3. Install large scale biogas digester 9,923,573,061.7 5.93 2 2 4 
3.4. Waste roved by middlemen -3,241,532,473.0 3.73 4 2 2 

4. Case 3. Biogas lasts 10 years, initial investment increases 20% 

4.1. Base case 0.0 4.68 3 4 1 

4.2. Install small biogas digester 9,209,018,745.3 6.02 1 1 3 

4.3. Install large scale biogas digester 7,416,814,610.3 5.80 2 2 4 

4.4. Waste roved by middlemen -2,508,144,154.2 3.73 4 2 2 

Source: Survey data  

4. CONCLUSIONS AND RECOMMENDATIONS 
4.1. Conclusions 

The development of livestock husbandry in 
general and dairy cattle in particularly increases 
rapidly and becomes an important enterprise in 
agricultural sector recently. Dairy cattle raising has 
significantly contributed to household income and 
employment.  

Beside the benefits, dairy cattle raising also 
causes negative impacts on environment, health of 
both people and animals, especially in places where 
livestock are raised in  large production scale. Several 
pollution control options have been introduced and 
applied to reduce the negative impacts of the 
enterprise include traditional option, biogas digesters, 
and lagoon technologies. Each option has its own 
advantages and disadvantages. However, small biogas 
digester was found the most appropriate pollution 
control option in the research sites. 

4.2. Recommendations 
Choosing the best technology option for each area 

There are many types of biogas digester 
currently applied in the rural areas. Each type has 
its own advantages and disadvantages. Farmers do 
not understand much about available technologies. 
Thus, they may choose the  inappropriate one. 
Therefore, choosing the best one for each region, 
each household wealth group is necessary to 
expand the technology. The provincial agricultural 
and forestry extension center should be in charge of 
choosing and expanding the most appropriate 
technology for the province. 
Government financial and technical supports 

The results of the study shows that most of 
installed biogas digesters in the research sites were 
supported from either government/projects or 
loans/borrowing. All installed biogas digester 
households were rich or above average. Installation 
of a biogas digester requires certain amount capital 
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investment. Thus the poor may have difficulties in 
application of the technology. The installation of 
biogas digester also requires high skill labor with 
technical advice from experts. Thus, technical and 
financial supports from the government  is very 
important to expand the chosen technology. 
Encourage the development of large-scale biogas 
        digester and sharing generated biogas 

The small biogas digester currently was found 
the best option for pollution problem. However, it 
may not appropriate when production scale 
increases. Thus, in the future large biogas digester 
may be more appropriate. Therefore, encouraging 
the development of the large scale one is necessary. 
However, the development of this type biogas 
digester has some limitations in management and 
distribution of generated biogas and operation and 
management. This  strongly needs support from the 
government in both financial, technical aspects and 
management as well. The establishment of large 
scale biogas digester demonstration can be a good 
example for local residents.   
Changing resident behavior  

People in rural areas have traditional cooking 
behaviour using rice straw, fire wood or mine 
charcoal. They are not familiar with the use of gas 
for cooking. It needs time for these people to 
change their behaviour. Some of them think that 
biogas is not safe due to some exploded industrial 
gas causing misunderstanding about biogas. Some 
of them think that gas is generated from dirty 
source that is not good for cooking. The smell of 
generated biogas, however, still is not quite as good 
as industrial gas. This requires some improvement 
in the available technologies so that the bad smell 
could be totally eliminated. 
Applying polluter pay principle with large scale  
         production (PPP) 

The polluter pay principle requires the 
individuals or organizations who create pollution 
have to pay for the pollution that they created. 
However, this principle is not strictly applied in 
rural areas, especially the polluters are farmers. Thus, 

 
 
 
 
 
 
 
 

some of dairy cattle raising households do not 
apply any pollution treatment. Therefore, 
application of PPP, especially with large scale 
production is necessary. 
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TÓM TẮT


Nghiên cứu này được thực hiện nhằm đánh giá kinh tế các lựa chọn các giải pháp hạn chế ô nhiễm do việc phát triển chăn nuôi bò sữa ở huyện Gia Lâm, Hà Nội - nơi có số bò sữa tăng nhanh trong thời gian gần đây. Kết quả nghiên cứu cho thấy, chăn nuôi bò sữa đã tạo ra ô nhiễm và mức độ ô nhiễm tăng theo quy mô chăn nuôi. Ô nhiễm từ chăn nuôi bò sữa đã gây tác động xấu đối với môi trường, sức khỏe của cả người và vật nuôi. Tuy nhiên, do thiếu vốn và thông tin, nhiều nông dân chưa thực sự quan tới việc giải quyết vấn đề ô nhiễm. Trong các lựa chọn để hạn chế ô nhiễm, biogas được đánh giá là tốt nhất về khía cạnh kinh tế và môi trường. Tuy nhiên, mở rộng mô hình còn nhiều khó khăn. Lựa chọn công nghệ xử lý ô nhiễm phù hợp đối với từng khu vực, tăng cường sự hỗ trợ về kỹ thuật và tài chính của Chính phủ, khuyến khích phát triển mô hình biogas trên diện rộng, thay đổi hành vi của các hộ nông dân, vận dụng các nguyên tắc người gây ô nhiễm phải chi trả là các giải pháp chính để phát triển mô hình.


Từ khóa: Biện pháp hạn chế ô nhiễm, chăn nuôi bò sữa, ô nhiễm.


SUMMARY


This study provides an economic assessment on pollution control options of dairy cattle raising households in Gia Lam district, Hanoi province where dairy cattle rapidly increases recently. Observations indicate that the pollution resulting from dairy cattle breeding increases with the scale of production, causing negative impacts on environment and heath of both people and animals. However, due to the lack of capital and information, farmers do not pay due attention to solving pollution problem. Among available pollution control options, biogas digesters are found the most economic and environmental options. However, the expansion of the technology is still facing with difficulties. Choosing appropriate pollution control strategy for each region, government’s technical and financial supports, changing behavior of the local residents, and application of pollutant pay principle are the main solutions to expand the chosen technology.  


Key words: Dairy cattle, pollution, pollution control options.


1. INTRODUCTION 


Animal husbandry is one of the two major economic sectors in agriculture. The number of animals increases overtime with average annual growth rate of 1.58 percent, 5.12 percent and 6.21 percent for cattle, pig and poultry, respectively. The numbers of cattle, pig and poultry are projected to be 7,874.43 and 34,065.31 thousand heads for cattle and pig and 371.0 millions for poultry, respectively in 2010. Household dairy cattle raising was found very suitable in rural areas that maximizes the use of labor force efficiently  as well as agricultural by-products, and has significantly contributed to farmers’ income, nutrition status , and positive change in growth of the economy (Nguyet, 2000). The demands for milk and milk products are increasing through time from 2.4 liters per capita in 1994 to 4.1 liters in 1995 and 8.0 liters in 2002 and to 20 liters in 2010. Demand for milk and milk products of Hanoi will be 75,000 liters daily in 2010 (Ministry of agriculture and rural development- MARD). The high demand for milk has stimulated the development of dairy cattle.


Therefore, dairy cattle breeding  is rapidly developed, especially in sub urban areas of Hanoi and Ho Chi Minh cities. However, it causes air pollution due to  daily manure disposal since cow-houses are located nearby or connected to households. Water also becomes polluted due to untreated wastewater discharge to gardens, ponds, and rivers . This causes negative externality effect on health of both people and cow through consuming polluted water and air. The pollution  tends to increase recently since the local residents currently paid more attention on economic aspect of the production and number of dairy cattle has increased rapidly. The pollution in some places is too serious that local residents feel difficulty in breathing (Cuong, 2001, 2002). 


2. MATERIALS AND METHODS


The study was conducted in Gia Lam district, a suburban area of Hanoi, where dairy cattle raising is  rapidly developed. Three communes were chosen  as research sites, namely Phu Dong, Trung Mau, and Duong Ha, where dairy cattle were rapidly developed. 


Three samples of households included 10 households that keep cattle in their backyards without installing biogas generators, 12 dairy cattle raising households with small biogas digester installation; and 20 households that did not raise cattle but were directly affected by dairy cattle raising households. Other 3 dairy cattle raising households with large biogas digester installation in Binh Duong province were chosen to collect necessary information with purpose of testing the feasibility of large biogas digester in the North. The information on waste management practices, perceived impacts of pollution on their property values, biogas digesters, benefits of different waste management options, and other necessary information were collected. The collected data were generalized to commune level.


The Hedoric pricing method and CBA (Cost benefit analysis) were applied to measure the environment quality and to calculate the costs and benefits of each alternative pollution control option. The costs of each pollution control option include initial capital equipment, labor, water, chemical treatment, manure transportation, other fuels used for each option. The benefits include: the value of animal waste produced as compost, value of fertilizer sold if any, value of biogas generated, residual of capital equipment, and value of property that used as indicator of environment quality. All costs and benefits were calculated for 15 years basis based on the life time of biogas digester. Net present value (NPV); benefit cost ratio (BCR), and internal rate of return (IRR) were the main indicators used in BCA. The value of property was measured based on evaluation of property owners themselves, local commune authorities and property experts. The pollution was measured by perception of each selected household group through deep interview of selected households and local authority. The rank of alternative options was based on results of CBA, evaluation of selected households, and local authority. 


The sensitivity analysis was applied for three cases: the biogas lasting only 10 years, initial investment of biogas increase by 20%, biogas lasting 10 year and initial investment of biogas increase by 20%.



3. RESULTS AND DISCUSSION


3.1. Dairy cattle raising in Hanoi and in surveyed 
        communes


By 2010, Hanoi has 199,639 cows of which dairy cattle  are 7,009 heads mainly concentrated in Bavi, Gialam. The dairy cattle are mainly raised by individual households with the production scale of 1 to 10 cows per household (Quynh Dung, 2010). The number of dairy cattle increases year by year with an average annual growth rate of 22.3 percent (MARD, 2010). The number of dairy cattle in Gia Lam  accounted for approximately 73 percent of total dairy cattle of Hanoi and are considered as one of main income sources for those dairy cattle raising farmers (Nguyet, 2000).  Dairy cattle raising contributed about 45-60 % total farmers’ income of dairy cattle raising households (Binh, 1997).


In the research site, households have very small land area with average land area ranging from 0.24 - 0.43 ha/household depending on communes, of which  home land and land used for animal shed are about 230 - 240 m2 and 24 m2/household, respectively. There were 493 dairy cattle raising households with an average of 2.2 cows per dairy cattle raising household. Total dairy cattle was 547; 282 and 253 for in Phu Dong, Trung Mau, and Duong Ha in 2004, respectively. All animal sheds were located nearby or connected to resident houses. Among dairy cattle raising households, 38 households have installed small biogas digesters. The remaining households kept the dairy cattle manure at backyards or sold it to middle men. There were no large biogas digesters found in the research sites.


3.2. Household perception on environment
          pollution


For each household group, the households were asked about their perception related to eight environmental aspects including bad smell, well and gutter water pollution, difficulty in breath, running noise, headache, increase number of seeing Doctor, increase in health treatment, and environmental change as compared to previous time. The result from survey shows that pollution exists in dairy cattle raising households and the surrounding areas. However, the result differs from one group to another (Table 10).


According to these households, dairy cattle raising caused very bad negative impacts. However, these negative impacts were much reduced when they installed biogas digesters. 


The dairy cattle raising households without biogas digester installation also admitted that the dairy cattle raising caused many negative impacts. However, the level of impacts have tended to smaller

than those of households with small biogas digester installation.


The none-dairy cattle raising households but  affected by dairy cattle raising households without biogas digester installation declared that they  suffered from negative impacts of dairy cattle raising households, especially households without biogas installation. One hundred percent of these households declared that the dairy cattle raising causes very bad odor and pollution. Other indicators were found higher than those of other groups such as: water very polluted: 70%,   frequent headache: 20%, strongly increase number of seeing Doctor and increase in medicine,… 


3.3. Pollution control option 


3.3.1. Technical options


There were some technical options to deal with the negative impacts of dairy cattle raising applying in Vietnam. These are:


Traditional option


In this option, dairy cattle manure is loaded in a settling tank located at the corner of cow-house or a hole in the garden nearby the cow-house. The manure is then covered by rice straw or rice straw cinder to reduce the bad smell. This method is normally applied in the rural areas in the North for pig raising. This option has advantages of simplicity, easy construction, lower cost to build. This option is very popular in the North of Vietnam, especially in the Red River Delta. 


However, it has some disadvantages such as: it needs more space, especially for large-scale production, because the waste is accumulated daily and becomes large amount after some months; the rice straw becomes more scare; Daily loading time and labor use for manure transporting are high, and it cannot generate income for household through the costs saved (e.g., gas generated by biogas option).


Biogas digester


A biogas tank is commonly known as a biogas digester that takes advantage of excrement from animals and humans in order to transform it into biogas (methane gas) as a source of fuel and organic fertilizer (Figure 1)....................................... 


Table 1. Pollution evaluation of dairy cattle raising households


		Item

		Household perception

		Item

		Household perception



		

		Dairy cattle raising with
small biogas digester

		Dairy cattle raising  without biogas digester

		Non dairy cattle raising but directly affected

		

		Dairy cattle raising with
small biogas digester

		Dairy cattle raising without biogas digester

		Non dairy cattle raising but directly affected



		

		Before biogas installation

		without biogas installation

		

		

		

		Before biogas installation

		without biogas installation

		

		



		1. Smell

		

		

		

		

		5. Headache

		

		

		

		



		1.1. Normal

		0.00

		83.33

		0.00

		0.00

		5.1. Normal

		33.33

		91.67

		30.00

		10.00



		1.2. bad smell

		0.00

		16.67

		60.00

		0.00

		5.2. Sometimes

		58.33

		8.33

		60.00

		70.00



		1.3. Very bad smell

		100.00

		0.00

		40.00

		100.00

		5.3. Often

		8.33

		0.00

		10.00

		20.00



		2. Water pollution

		

		

		

		

		6. Increase No of 
    seeing doctor

		

		

		

		



		2.1. No pollution

		0.00

		83.33

		0.00

		0.0

		6.1. No increase

		83.33

		100.00

		70.00

		60.0



		2.2. Pollution

		41.67

		16.67

		60.00

		30.0

		6.2. Increase

		16.67

		0.00

		20.00

		30.0



		2.3. Very pollution

		58.33

		0.00

		40.00

		70.0

		6.3. Strongly increase

		0.00

		0.00

		10.00

		10.0



		3. Breath

		0.00

		0.00

		

		

		7. Medicine

		0.00

		0.00

		

		



		3.1. Normal

		16.67

		91.67

		0.00

		10.0

		7.1. No increase

		83.33

		100.00

		70.00

		70.0



		3.2. Difficulty

		66.67

		8.33

		40.00

		60.0

		7.2. Increase

		16.67

		0.00

		20.00

		20.0



		3.3. Very difficulty

		16.67

		0.00

		60.00

		30.0

		7.3. Strongly increase

		0.00

		0.00

		10.00

		10.0



		4. Running nose

		

		

		

		

		8. Pollution

		

		

		

		



		4.1. Normal

		33.33

		100.00

		10.00

		20.0

		8.1. As before

		0.00

		0.00

		0.00

		0.0



		4.2. Some times

		66.67

		0.00

		80.00

		70.0

		8.2. More pollution

		100.00

		0.00

		100.00

		100.0



		4.3. Often

		0.00

		0.00

		10.00

		10.0

		8.3. Much reduced

		0.00

		100.00

		0.00

		0.0





Data source: Survey data, 2004 and 2008




Figure 1. Stages of manure decomposition in biogas digester


  (Adapted from L.E. Lanyon and R.E. Graves)


Lagoon option


In this method, the waste is discharged into a pond and then  absorbed by some kinds of plants in the pond. Another alternative method is lagoon system that has not been much applied in Vietnam. This method has advantages of simplicity and the water can then used for irrigation. However, this method needs more space, especially for water and was found not applicable in the areas that households have small land  like Hanoi.


3.3.2. Waste treatment practice in study area


In the suburban area of Hanoi, most farmers raise pig with small production scale as shown in figure 2.


Another manure treatment is biogas digester. The development of biogas digester is considered  the best solution for pollution treatment (Figure 3).


3.3.3. Proposed technical control options in the project 
          sites


* Technical control option in the project sites


- The base case:


This is a traditional simple pollution control option. The waste is put into a whole at backyard or in the garden. The waste then used as fertilizer for crops. The main expenses of this pollution control option are cost of labor used for making the whole, collecting the waste; cost of water used for cleaning cow house; cost of chemical treatment, and the expense for other fuel used for family daily cooking. The benefit includes value of animal waste produced, property value differentials that evaluated by households themselves, estate agent, local authority, present as proxy values for environments or deterioration associated with the different waste management options.




Figure 2. Traditional waste treatment in Hanoi suburban areas




Figure 3. Biogas digester treatment option in Hanoi


- Small biogas digester:


Some small biogas digesters are found in the selected communes. However, most of them are built under support of the Belgium dairy project. All of them are fixed dome types with the size range of 7- 8 m3. There were no other types found in the areas. The cost of this small biogas digester was about VND4.31 million  per biogas digester (2004 price), of which, 67.3% invested by household; 11.6% supported from project, and 20.9% as borrowing.


- Installation of  large scale biogas digester:


There were no large biogas digesters  at the commune scale found in the North of Vietnam. The only one biogas digester with the size of 20 m3 was found in the study site. However, this did not operate well due to unstable of manure supply. The owner  used to raise pigs with large number but now  discontinues due to low production efficiency. The main purpose of this type of biogas digester is not economic but environment treatment. The cost and benefits of this option were computed based on survey of large biogas digesters in the South and  adjusted for the North using built material in the South and price in the North. 


- Waste removal by middlemen:


Most of dairy cattle households that do not install biogas digester have extra manure. These households in some communes like Phu Dong have to pay some money for the manure collectors who collect the extra manure and then sell it to farmers in other places as a source fertilizers used in vegetable and horticulture.


* The selection of technical control option


- NPV, net incremental and BCR analysis


The NPV, net incremental and BCR results of alternative treatment option show that the small biogas digester is the best pollution control option among all other alternatives in terms of benefits, net incremental and BCR indicators. The large biogas digester rank second and waste removal option rank fourth (Table 2).


* Ranking options


The ranking of alternative pollution control options based on three aspects include: economic, environmental and practical feasibility.  The results showed that each pollution control option has its own advantages and disadvantages. The base case and waste removal options has first and second ranks in practical feasible indicator, respectively,  but very low ranks in terms of economic and environmental indicators. Small and large biogas digester options have low ranks in terms of practical feasibility but have very high ranks in terms of economic and environmental aspect, especially small biogas digester option (Table 3).


3.3.4. Sensitivity analysis


The sensitivity analysis was done for three cases. They are the biogas lasting only 10 years, initial investment of biogas increase by 20%, biogas lasting  10 years and initial investment of biogas increase 20%. The results showed that small and large biogas digesters  still have advantages in economic and environmental aspects and but have disadvantage in practical aspect. Small biogas digester is recommended to apply in the research area (Table 4).


Table 2. NPV, CBA net incremental results of alternative dairy waste treatment options

		Item

		NPV
(VND)

		Net increase as compared
to  base case
(VND)

		BCR



		1. Base case



		1.1 Total costs

		17,374,730,756.4

		-

		-



		1.2. Total benefits

		81,389,368,299.2

		-

		4.68



		2. Install of small biogas digester



		2.1. Total costs

		14,667,157,916.3

		-2,707,572,840.1

		



		2.2. Total benefits

		91,025,379,868.4

		9,636,011,569.3

		



		2.3. NPV of net incremental benefit

		-

		12,343,584,409.3

		6.21



		3. Install of large scale biogas digester



		3.1. Total costs

		14,987,851,311.9

		-2,386,879,444.5

		



		3.2. Total benefits

		88,926,061,916.4

		7,536,693,617.2

		



		3.3. NPV of net incremental benefit

		-

		9,923,573,061.73

		5.93



		4. Waste removed by middlemen



		4.1. Total cost of waste remove case

		22,223,154,240.3

		4,848,423,483.88

		



		4.2. Total benefit of  waste remove case

		82,996,259,310.0

		1,606,891,010.9

		



		4.3. NPV of net incremental benefit

		-

		- 3,241,532,473.0

		3.73





Data source: Survey data


Table 3. NPV of net incremental benefit and ranking of alternative treatment options


		Pollution control option

		NPV of net incremental benefits (VND)

		BCA

		Ranking



		

		

		

		Economic

		Environment

		Practical feasible



		Base case

		-

		4.68

		3

		4

		1



		Install small biogas digester

		12,343,584,409.3

		6.21

		1

		1

		3



		Install large scale biogas digester

		7,536,693,617.2

		5.93

		2

		2

		4



		Waste removed by middlemen

		-3,241,532,473.0

		3.73

		4

		2

		2





Source: Survey data 


Table 4. Sensitivity analysis of alternative waste treatment options


		Control option

		NPV of net incremental benefit as compared to the base case

		BCR

		Ranking option



		

		

		

		Economic

		Environment

		Practical feasible



		1. Proposed case



		1.1. Base case

		0.0

		4.68

		3

		4

		1



		1.2. Install small biogas digester

		12,343,584,409.3

		6.21

		1

		1

		3



		1.3. Install large scale biogas digester

		9,923,573,061.7

		5.93

		1

		2

		4



		1.4. Waste roved by middlemen

		-3241532473.0

		3.73

		4.

		2

		2



		2. Case 1. The biogas digesters last only 10 years



		2.1. Base case

		0.0

		4.68

		3

		4

		1



		2.2. Install small biogas digester

		9,209,018,745.3

		6.02

		1

		1

		3



		2.3. Install large scale biogas digester

		7,416,814,610.3

		5.80

		2

		2

		4



		2.4. Waste roved by middlemen

		-2,508,144,154.2

		3.73

		4

		2

		2



		3. Case 2. Initial investment of  biogas increases 20 %



		3.1. Base case

		0.0

		4.68

		3

		4

		1



		3.2. Install small biogas digester

		12,343,584,409.3

		6.21

		1

		1

		3



		3.3. Install large scale biogas digester

		9,923,573,061.7

		5.93

		2

		2

		4



		3.4. Waste roved by middlemen

		-3,241,532,473.0

		3.73

		4

		2

		2



		4. Case 3. Biogas lasts 10 years, initial investment increases 20%



		4.1. Base case

		0.0

		4.68

		3

		4

		1



		4.2. Install small biogas digester

		9,209,018,745.3

		6.02

		1

		1

		3



		4.3. Install large scale biogas digester

		7,416,814,610.3

		5.80

		2

		2

		4



		4.4. Waste roved by middlemen

		-2,508,144,154.2

		3.73

		4

		2

		2





Source: Survey data 


4. CONCLUSIONS AND RECOMMENDATIONS


4.1. Conclusions


The development of livestock husbandry in general and dairy cattle in particularly increases rapidly and becomes an important enterprise in agricultural sector recently. Dairy cattle raising has significantly contributed to household income and employment. 


Beside the benefits, dairy cattle raising also causes negative impacts on environment, health of both people and animals, especially in places where livestock are raised in  large production scale. Several pollution control options have been introduced and applied to reduce the negative impacts of the enterprise include traditional option, biogas digesters, and lagoon technologies. Each option has its own advantages and disadvantages. However, small biogas digester was found the most appropriate pollution control option in the research sites.


4.2. Recommendations


Choosing the best technology option for each area


There are many types of biogas digester currently applied in the rural areas. Each type has its own advantages and disadvantages. Farmers do not understand much about available technologies. Thus, they may choose the  inappropriate one. Therefore, choosing the best one for each region, each household wealth group is necessary to expand the technology. The provincial agricultural and forestry extension center should be in charge of choosing and expanding the most appropriate technology for the province.


Government financial and technical supports


The results of the study shows that most of installed biogas digesters in the research sites were supported from either government/projects or loans/borrowing. All installed biogas digester households were rich or above average. Installation of a biogas digester requires certain amount capital investment. Thus the poor may have difficulties in application of the technology. The installation of biogas digester also requires high skill labor with technical advice from experts. Thus, technical and financial supports from the government  is very important to expand the chosen technology.


Encourage the development of large-scale biogas
        digester and sharing generated biogas


The small biogas digester currently was found the best option for pollution problem. However, it may not appropriate when production scale increases. Thus, in the future large biogas digester may be more appropriate. Therefore, encouraging the development of the large scale one is necessary. However, the development of this type biogas digester has some limitations in management and distribution of generated biogas and operation and management. This  strongly needs support from the government in both financial, technical aspects and management as well. The establishment of large scale biogas digester demonstration can be a good example for local residents.  

Changing resident behavior 


People in rural areas have traditional cooking behaviour using rice straw, fire wood or mine charcoal. They are not familiar with the use of gas for cooking. It needs time for these people to change their behaviour. Some of them think that biogas is not safe due to some exploded industrial gas causing misunderstanding about biogas. Some of them think that gas is generated from dirty source that is not good for cooking. The smell of generated biogas, however, still is not quite as good as industrial gas. This requires some improvement in the available technologies so that the bad smell could be totally eliminated.


Applying polluter pay principle with large scale 
         production (PPP)


The polluter pay principle requires the individuals or organizations who create pollution have to pay for the pollution that they created. However, this principle is not strictly applied in rural areas, especially the polluters are farmers. Thus,


some of dairy cattle raising households do not apply any pollution treatment. Therefore, application of PPP, especially with large scale production is necessary.
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