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a b s t r a c t

This survey was carried out to study animal manure management on livestock farms with biogas
technology (biogas farms) and without (non-biogas farms) in the areas surrounding the Vietnamese
cities Hanoi and Hue. The objective of the study was to assess the contribution of biogas production to
a better environment as well as to recognize the problems with livestock manure management on small-
scale farms. On all the farms included in the study more than one manure management technology was
used, i.e. composting, separation of manure, biogas production and discharge of liquid manure to
recipients such as public sewers or ponds. On biogas farms, most of the manure collected was used for
bio-digestion. The farmers used the fermented manure (digestate) as a source of nutrients for crops, but
on more than 50% of the interviewed biogas farms digestate was discharged to the environment. On non-
biogas farms, manure was in the form of slurry or it was separated into a liquid and a dry-matter-rich
solid fraction. The solid fraction from separation was used for composting and the liquid fraction
usually discharged to the environment. The survey revealed that there is a need to improve methods for
transporting the manure to the field, as transportation is the main barrier to recycling the liquid manure
fraction. Farmers in developing countries need financial and technical support to install biogas digesters
and to overcome the problems involved in utilizing the manure. Information about how to pre-treat
manure before adding it to the digester is urgently needed. At present too much water is used, and
the high volume of slurry reduces the retention time and is a disincentive for transporting and applying
the digestate to fields. The users need to be informed about the risk of loss of methane to the envi-
ronment, how to prevent cooker corrosion and the discharge to recipients. In addition, the study reveals
that in developing countries manure management legislation needs to be tightened to control envi-
ronmental pollution.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Biogas produced from animal waste is widely used as a renew-
able bio-fuel source. This source of energy is regarded as cheap and
clean and is also known to produce a residue with a high fertilizer
value for crop production (Albihn and Vinneås, 2007; Lantz et al.,
2007; Masse et al., 1997; Møller et al., 2004; Sommer et al.,
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2004). In developed countries, the biogas technology is used on
a large scale for power and heat production. It is also one of the
technologies supported by governments and the international
organizations UN and EU (Eriksson and Olsson, 2007), because it
reduces GHG emissions from manure and produces renewable
energy (Møller et al., 2004; Sommer et al., 2004).

In developing countries, there are currently millions of house-
hold biogas digesters of the Chinese dome design (Maithel, 2009).
There are 3.8 million of these in India, 60,000 in Bangladesh, 30
million in China and an increasing number in Africa and Peru
(Ramachandra and Shruthi, 2007; Amigun and von Blottnitz, 2009;
Walekhwa et al., 2009; Chen et al., 2010; Jiang et al., 2011). An
increase in population densities and livestock production in
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Table 1
Main categories of the 62 questions in the survey.

Category Questions

Household Name, education, occupation, number of members
in family, total land area (livestock land and field
land), distance from pigpen to field.

Animal production Animal category
Number of animals
Weights of animals
Diets and feeding methods

Manure management Cleaning of animal house (How many times/day,
how much water used (m3 day�1)
Distance from pigpen to kitchen and drinking
water resource
Bactericidal agents used for cleaning, if any
Technology for manure collection (liquid manure,
solid manure or a mixture of liquid and solid
manure, i.e. mixed manure)
End use of manure (crop, fish pond, biogas,
discharge to waterways)

Biogas Source of information about biogas technology
Rationale for installing biogas digester or for
choosing not to install biogas digester
Type of biogas digester installed
Overall function of the biogas digester
Main problem when using biogas
Cost of installing biogas
Donor support
Source of biomass used to feed the digester, pig
manure only or supplementation of other biomasses
Use of biological additives to biogas digester
How often were sediment removed

Use of biogas.
economy, benefits

End use of biogas (cooking, lighting, heating..)
Release of excess gas production
How much money can be saved from installing
a biogas digester
Additional benefits, hygiene, odour, flies etc.
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developing countries enhances environmental problems that are
gradually becoming a barrier for development. Biogas technology is
considered as one of the solutions to environmental problems
caused by manure management. Of benefits can be mentioned that
biogas is renewable and clean and can be used for heating and
cooking, which saves trees, thus reducing deforestation, it improves
the working environment for women and reduces odor, pathogens
and flies. The use of biogas will also reduce the workload for
farmers, who would otherwise have to collect firewood (Xiaohua
et al., 2007). Therefore, the biogas technology can help reduce
poverty and support a sustainable development (Teune, 2007). It is
also particularly suitable for remote areas where there is no energy
infrastructure.

On a global scale Vietnam is a poor country, which has seen an
impressive economic development. This has caused livestock
production to increase and also to become more specialized. Viet-
nam is facing many problems associated with animal waste
management such as air and water pollution, lack of hygiene and
inappropriate use of manure resources. Fermentation of manure in
biogas reactors is regarded as a helpful tool to solve some of these
problems, and since 2003 the government has supported the
construction of biogas digesters together with international orga-
nizations such as Netherlands Development Organisation (SNV;
Anonymous, 2010a). In 2011, this organisation constructed 110,000
biogas plants and the plan is to construct a further 200,000 plants
in the period 2013e2018 (Anonymous, 2011). Through SNV support
biogas has become a technology that is affordable and suitable for
small-scale farming.

This survey set out to investigate the current situation of
manure management in Vietnam with the objective of identifying
the major associated risks. Vietnam is considered an example for
developing countries facing similar problems. This study intends to
contribute with in-depth knowledge about problems and solutions
for the development of the safe and sustainable recycling of
manure on livestock farms in Vietnam and fellow developing
countries in Asia. The results will contribute to the development of
a tool for policy-makers in the promotion of a sustainable and
environmentally safe development of the livestock production.

2. Method

The interviews were carried out in two provinces representative
of medium and small-scale farming in peri-urban areas of the
northern and central regions of Vietnam. Peri-urban regions were
selected, because pig productions in Asia are situated near large
cities (Gerber et al., 2005). Small-scale pig production is by the
Vietnamese government defined as farms housing fewer than 19
fattening pigs or fewer than five sows, and medium-scale produc-
tion is defined as ranging from 19 to 99 fatteners and 5e19 sows
(Vu et al., 2007).

In the red river region of Hanoi in Northern Vietnam, the survey
was carried out in Quoc Oai district, about 30 km from Western
Hanoi. In Hue province, central Vietnam, the survey was carried out
in Huong Tra district, 10 km from the center of Hue. These districts
were chosen because they represent regions, which have a well
developed pig production compared to other districts in the prov-
inces. In Quoc Oai and Huong Tra districts, the four communities Sai
Son, Dong Yen and Huong Toan, Huong Xuan were selected by
random sampling from a total number of 46 communities.

In all communities, pig farms with and without biogas digesters
were included in the survey. Lists of all pig producers in the selected
communities were provided by local community veterinary groups.
Randomly 96 non-biogas farms and 85 biogas farms was selected
for interview in Ha Noi from a total of 120 non-biogas farms and150
biogas farms. In Hue 50 non-biogas farms and 50 biogas farms was
selected randomly for the interview from a total of 100 biogas farm
and 98 non-biogas farms. Thus, in total 281 farmswere interviewed
by a group from the SUSANE project. As mentioned the farm was
selected by simple random sampling method.

The questionnaire for this study was prepared during work-
shops involving specialists in manure management, plant nutrition
and epidemiology. The experiences from the survey carried out by
Vu et al. (2007) were also incorporated when developing the
questionnaire. The 62 questions focused on the following five main
areas: information about the household, animal production,
manure management, biogas digester design and management,
and use of biogas (Table 1).

Initially, all specialists involved in interviewing farmers met and
jointly interviewed 10 farmers. This ensured that all interviewers
were carrying out the individual interviews as similarly as possible
and the experience from this initial joint interview study was used
to improve the questionnaire.
2.1. Data analysis

Prior to the analysis of data, all the obtained data were re-
checked by two specialists to ensure that the data were correct. If
information was considered inconsistent, the interviewer returned
to the farm and asked the farmer again. If reliable data could not be
obtained, the informationwas omitted from the data analysis. After
the control of data, the final survey included information from 181
Hanoi farms of which 96 had installed biogas and 100 farms near
Hue of which 50 farms had installed biogas (Table 2).

The data collected included economic and production charac-
teristics of the farms, which could be broadly grouped into physical,
socio-economic and technical aspects. Data were analyzed by using



Table 2
Number of farmers involved in the survey.

Commune Hanoi (April, 2010) Hue (June, 2010)

Sai Son Dong Yen Total Huong Toan Huong Xuan Total

Biogas 37 59 96 26 24 50
Non-biogas 44 41 85 26 24 50
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statistical techniques with the aid of the Statistical Package of the
Microsoft Office Excel 2007 software.
3. Results and discussions

3.1. Household

Average size of a family is 4e5 persons of which 2e3 work on
the farm, the remaining family members being either too young or
too old to contribute to farm work (Table 3). This number corre-
sponds to the official statistics about the population, showing that
the average number of persons per family is 3.5 in the rural Red-
river region in Vietnam, and in the rural central Vietnam it is 3.9
persons per family (General Statistic Office of Vietnam, 2009). In
China, farming households also number 4e5 persons (Xiaohua and
Jingfei, 2005).

The field area of biogas farms is 1942 m2 in Hanoi and 3385 m2

in Hue. On non-biogas farms, the average field area is 1713 m2 in
Hanoi and 3289 m2 in Hue (Table 3). The field area in Hue is larger
than in Hanoi because the population density in Hue is lower than
in Hanoi. The soil quality in Hue is also poorer than in Hanoi, i.e.
mainly acrisol. Consequently, only one crop of rice can be grownper
year in Hue compared to two crops per year in Hanoi. Most of the
agricultural land is used for rice cultivation in both Hanoi and Hue
provinces, as this is the main source of food in Vietnam. The survey
showed that maize, sweet potato and cassava are also produced by
farmers. The animal manure that was transported to fields was
done so in barrels on rudimentary vehicles such as hand-pulled
carts or motorbikes. The distance from the animal house to the
field is about 860m in Hanoi and 1500m in Hue. Farmers identified
the lack of adequate manure transportation vehicles and high labor
input as the main barriers to manure utilization; hence, instead of
using manure for crops, they discharged it to the environment. This
finding is in agreement with the report of Jackson and Mtengeti
(2005).

The average number of pigs per farm in the Hanoi regionwas 39
and 11 in Hue including sows, fatteners and piglets (Table 3). It is
noteworthy that farms in Hue had a very small number of sows and
piglets, indicating that the farmers had chosen to raise fatteners,
Table 3
Information about farm size, households size, number of persons working on the
farm and number of animals. Mean values and standard deviations (in brackets).

Hanoi Hue

Biogas
(N ¼ 96)

Non-Biogas
(N ¼ 85)

Biogas
(N ¼ 50)

Non-Biogas
(N ¼ 50)

Land used for
livestock, m2

78 (61.0) 64.9 (61.1) 54.7 (82.5) 22.7 (10.7)

Field area, m2 1942 (1837) 1713 (1376) 3385 (3251) 3289 (2328)
No. persons working

on the farm
2.2 (0.7) 2.4 (1.2) 2 (0.7) 2.08 (0.6)

No. persons in the
household

5.2 (1.4) 5.1 (1.8) 4.9 (1.4) 5.4 (1.5)

Sows per farm 3.3 (4.6) 2.5 (1.6) 1.7 (1.4) 1.5 (0.9)
Fatteners per farm 15.8 (11.8) 16.31 (12.4) 8.6 (8.1) 6.1 (5.5)
Piglets per farm 19.6 (23.6) 13.4 (6.3) 0.5 (2.0) 0.1 (0.9)
which is less demanding than sow and piglet production. The
amount of manure transported to the fields is inadequate to meet
crop demand, partly because only some of the total amount of
manure produced was applied to fields. This was due to the
transport distances involved, the farmers have difficulties in
transporting the manure to the fields; therefore, farmers instead
have to use relative high amounts of inorganic fertilizer. This is
especially the case in the Hue province where transport distances
are long.

The surveyed data also indicate that there is a relation between
the presence of a biogas plant and the amount of land available for
the construction of the digester. One must bear in mind that the
farm buildings are situated in villages and not within the fields, and
thus on some farms there may not be room for a biogas digester
near animal houses. Still, only six of the non-biogas farmers gave
too little land for the plant as the rationale for not installing
digesters (Fig. 1).

3.2. Animal production

Diets fed to the pigs were a commercial high protein and
carbohydrate feed, a local feed or a mixture of a local and
a commercial feed. The local feed consisted of agricultural residues
such as rice bran mixed with cassava leaves, water spinach, banana
tree, water hyacinth, sweet potatoes or soybean. The local ingre-
dients are traditionally cooked before feeding. The mixed feed
consisted of different rations of local and commercial feeds. Biogas
is an obvious energy source for preparing the local feed, but this
was not reflected in a higher proportion of mixed feed used on
biogas farms.

For all pig categories, mixed diets are the most commonly ration
used on both biogas and non-biogas farms (Table 4).

Commercial diets are fed to sows on biogas and non-biogas
plants on an average 10% of all farms. Piglet productions on farms
in Hue are fed a mixed diet. In the Hanoi region, 28 and 34%,
respectively, of non-biogas and biogas farms use commercial feeds
for fattening pigs, whereas these numbers are, respectively, 0 and
8% in the Hue province. Pigs fed commercial diets grow faster than
pigs fed mixed and local feeds due to the higher level of easily
digestible protein and carbohydrate. However, mixed diets are
preferred by most farmers because these diets are cheaper and the
growth rate can still be acceptable. In most developing countries
mixed diets are common, for example in African countries like
Fig. 1. The rationale given by farmers for not installing biogas digester. The total
percentage for the reasons given exceeds 100% because some farmers gave more than
one reason for not installing biogas plants on their farms.



Table 4
Livestock feeding system on biogas and non-biogas farms in Hanoi and Hue.

Animals Feeding mode Hanoi Hue

Biogas
(N ¼ 96)

Non-Biogas
(N ¼ 85)

Biogas
(N ¼ 50)

Non-Biogas
(N ¼ 50)

N % N % N % N %

Sows Commercial 16 16.7 9 11.0 6 12.0 0 0.0
Mix 52 54.2 53 62.9 39 78.0 42 84.0
Traditional 28 29.1 23 27.1 5 10.0 8 16.0

Fattening
Pigs

Commercial 33 34.4 24 28.2 4 8.0 0 0.0
Mix 58 60.4 59 69.4 41 82.0 47 94.0
Traditional 5 5.2 2 2.4 5 10.0 3 6.0

Piglets Commercial 38 40.0 31 36.4 0 0.0 0 0.0
Mix 55 57.5 46 54.1 50 100.0 50 100.0
Traditional 2 2.5 8 9.4 0 0.0 0 0.0

N: Number of households.

Table 5
Manure management methods on biogas and non-biogas farms in Hanoi and Hue
provinces.

Manure management Hanoi (N ¼ 181) Hue (N ¼ 100)

Biogas
(N ¼ 96)

Non-Biogas
(N ¼ 85)

Biogas
(N ¼ 50)

Non-Biogas
(N ¼ 50)

N % N % N % N %

No treatment 0 0.0 30 35.3 0 0.0 45 90.0
Composted 0 0.0 30 35.3 0 0.0 0 0.0
No treatment þ composted 0 0.0 25 29.4 0 0.0 5 10.0
Fermented 82 85.4 0 0.0 50 100.0 0 0.0
Fermented þ no treatment 8 8.3 0 0.0 0 0.0 0 0.0
Fermented þ compost 6 6.3 0 0.0 0 0.0 0 0.0
Discharge 56 58.3 62 72.9 30 60.0 22 44.0

N: Number of households.
Manure management method: No treatment means unfermented manure. Compost
is the solid fraction from separation of manure that has been stored in heaps for
a minimum of twomonths before using. Fermented manure means manure that has
been fermented in a biogas digester (may also be called digestate).
Discharged manure is manure that is discharged to the environment (ditches,
canals, lakes, rivers). On biogas farms discharged manure is fermented liquid
manure, and on non-biogas farms discharge is usually washing water and urine.
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Tanzania, Nigeria, South Africa, and mixed feeding is considered
most valuable for an economic and sustainable agriculture based on
organic farming (Lekule and Kyvsgaard, 2003).

Different types of feeding practices lead to different manure
compositions, and result in different qualities and quantities of gas
produced in biogas digesters. This should be kept in mind when
assessing biogas production on a farm. With the feeding practices
in developing countries being much different from those in
industrialized countries, there is an urgent need for assessing and
revising the biogas potential of manure and other biomasses in
these countries (Møller et al., 2004; Tuan et al., 2006). Beside
nutrients such as nitrogen and phosphorus at high concentrations,
commercial feed also contains growth hormone, antibiotics and
some heavy metals. These nutrients in animal manure can degrade
water quality if they are over-applied to land or enter water
resources (Ribaudo et al., 2003). Thus, high N, P, heavy metals and
pharmaceutical is of concern in Vietnam due to discharge or runoff
of manure to recipient water. There is a need of more focus on
feeding practice in relation to manure management in order to
achieve environmentally friendly manure management practice
(Gollehon et al., 2001).

3.3. Manure management

Manure management is affected by the use of biogas digesters
for the treatment of manure on many farms. On non-biogas farms
in Hanoi 65% of the manure was separated into a dry-matter-rich
and a liquid fraction (Table 5). The dry-matter-rich fraction was
then normally composted in a corner of the garden or in the field.
After around 3e4 months or longer it was applied to crops as
a fertilizer (55 farms). The liquid fraction, urine and cleaning water
are stored in uncovered containers and also used to fertilize the
crop in the growing season. When the container reaches capacity,
the excess is discharged to the environment. On 62 non-biogas
farms, the liquid was discharged to recipients during periods
when the container could not accommodate the liquid manure
produced. This is a source of water pollution. In Vietnam a total of
442.000 tons of nitrogen and 212.00 tons of phosphorus was dis-
charged to public water resources in 2004, hereof 38% of nitrogen
92% of phosphorus was from pig farms (Anonymous, 2010b). Visual
observations indicate increasing pollution of water in regions with
high density of animal production. Vietnam currently has no
regulations for BOD or COD levels of manure discharged to the
public sewers by small and medium-sized livestock farms. In
Malaysia, effluent with a BOD level lower than 20 mg O2 l�1 may
legally be discharged to rivers (Sommer et al., 2005). In China, there
is a daily maximum BOD level for slurry of 150 mg O2 l�1 (Wang,
2005). Legislation for pollution with livestock manure varies
considerably from country to country due to the difference in
socioeconomics or culture. In some developed countries like Den-
mark, England and the Netherlands, livestock manure legislation is
very strict and the discharge of manure to the environment is
prohibited (Petersen et al., 2007; Oenema, 2004).

On 16 out of 25 farms where both untreated manure and
compost was produced (Table 5), the untreated manure was
applied to fishponds on the farm. During the survey, we noticed
that on two farms the fish died, because the farmer used too much
manure to nourish the fish pond.

Further the manure was not treated on 30 out of 85 farms, and
was typically stored in a pit behind the pigsty before being applied
to fields. Manure stored in uncovered containers may be a signifi-
cant source of odor and ammonia emission (Martinez et al., 2003;
Vu et al., 2007). Most of the surveyed pig farms do not use
bedding in the pigpen due to the difficulty in cleaning them and
due to the heat created by the composting, which is unwanted in
the hot climate. Only a few farmers used bedding for the sows
giving birth in the winter period. According to Smith et al. (2000),
45% of the pig manure in England and Wales is managed as slurry
and 55% as farmyardmanure, but in countries like Denmark and the
Netherlandsmore than 90% of themanure aremanaged as slurry. In
Vietnam and other Asian countries, manure is managed as slurry,
and as liquid and solid manure from in-house separation.

On non-biogas livestock farms in the Hue province, most of the
manure is handled as slurry (45 out of 50 farms). The farmers
scrape the manure into an uncovered container at the back of the
pigpen. Slurry is stored until it is spread onto fields. Five farms in
Hue produced both liquid manure and compost types. One differ-
ence between Hue and Hanoi is that farmers in Hue tended to use
mineral fertilizer for rice and maize crops in fields far from their
house. The pig slurry was used only for vegetables grown closer to
home. This may be because the quality of the soil is very low and
there is a need of adding organic matter to improve soil quality
where high value vegetables are grown. On most of the biogas
farms in Hanoi all the manure was used for fermentation in biogas
digesters (82 of 96 farms); the manure was not separated before
feeding into the digester but scraped off the concrete floor of the
pen directly into the digester together with washing water. If the
farm had a fishpond (eight of the farms surveyed), then some solid
manure was retained to feed the fish. Six farms composted the
manure because manure production was in excess of the digester’s
capacity. These six farms bred cows or buffaloes, and the pig



Table 6
Source of information on biogas for farmers in Hanoi and Hue.

Source of information Hanoi (n ¼ 96) Hue (n ¼ 50)

N % N %

Public media 25 26.0 10 20.0
Neighbors 34 35.5 13 26.0
Extension service 25 26.0 26 52.0
Others 12 12.5 1 2.0

N: Number of farms.
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manure was composted together with cow and buffalo manure. On
all 50 biogas farms in the Hue province, all the manure was used to
feed the biogas digester.

The digestate from biogas digestion was discharged directly to
a recipient on 56 out of 96 farms in Hanoi and 30 out of 50 farms in
Hue. There are two reasons for thise farmers put a low value on the
plant nutrient content of the digestate, because the manure is
dilutedwhenadded to thedigesters and thedistance of transporting
the liquidmanure to fields and gardens is long. Farmers do not have
the means of transporting the large volumes of digestate over long
distances. Thus, there is a need for the development of newmanure
transport technologies for farms that install biogas digesters.

3.4. Biogas

3.4.1. Farmers’ attitude to the biogas technology
A large number of Vietnamese farms have installed biogas

digesters in recent years (Teune, 2007). The increase is a reflection
of the financial subsidy given for the construction of biogas plants.
Farmers tend to accept new technology when this brings about
a clear improvement in their life or their economy (Jackson and
Mtengeti, 2005). Farmers are well aware of the problems caused
by animal manure management, and find that biogas treatment of
the manure can reduce these problems (Fig. 2). At present odor is
considered the largest problem and problems with hygiene are
associated with odor. However, the most common reason associ-
ated with not installing biogas plants is lack of money (Fig. 1). There
is a greater willingness of households with higher income to adopt
the biogas technology than of the poorer counterparts (Walekhwa
et al., 2009).

Most farmers in Hanoi learn about biogas technology through
neighbors (36%) and in Hue via the extension service (52%)
(Table 6). Public media such as television and newspapers also play
an important part with 26% of households in Hanoi and 20% in Hue
learning about biogas through these. As the Vietnamese govern-
ment wishes to expand the use of the biogas technology
(Anonymous, 2010a), the method used by the Hue extension
service may be used to propagate knowledge about the technology
among farmers.

Other considerations given by farmers for their decision on
whether or not to adopt the biogas technology are whether they
have enough animals to support a biogas production or enough
land for constructing the digester (Fig. 1).

The brick dome digester predominated, having been installed on
74 out of 96 biogas farms in Hanoi and 50 out of 50 biogas farms in
Fig. 2. Purpose of using biogas in Hanoi and Hue provinces. Percentage of reasons
exceeded 100% because some farmers gave more than one reason for installing
a biogas plant.
Hue (Fig. 3). The standard volume of these digesters is 6e8 m3

(Fig. 4). The farmers consult SNV in the process of installation.
SNV pays USD 60 of the USD 200e400 cost of constructing the
digester, and the organization gives technical advice and instruc-
tions during the construction. The composite biogas digester is
a new type of bio digester in Vietnam (Nguyen, 2010, Fig. 4), having
been introduced in Vietnam about three years ago, because it is
durable, there is no gas leaking, it is easy to construct and use. The
intention is to use it on large-scale pig farms. As the number of
large-scale pig farms is set to increase in the future, the composite
biogas digester will probably be much used in the future
(Anonymous, 2010b). Therefore, research and development in
biogas digester technology should also aim to adapt this technology
to Vietnamese conditions. Besides using the gas for cooking and
heating, these digesters will probably also be used for electricity
production to be sold to the national grid.

3.4.2. Biogas production
The efficiency of gas production in biogas digesters depends on

temperature, retention time, continuous input to the digester and
the composition of the manure (An and Preston, 1999; Vindis et al.,
2009). The digesters on the surveyed farms were not heated;
therefore they operate at the temperature of the surrounding soil as
they are dug into the ground. In the summer, the average air
temperature is around 34 �C, which is very suitable for bacterial
fermentation, but during winter the temperature is 10e15 �C and at
these temperatures methane production is much lower than at
temperatures above 20 �C (Zeeman et al., 1988). Therefore, biogas
production during winter may be low in especially mountainous
regions, and may not be sufficient for the needs of the people living
on the farms.

Advice about the construction of digesters is provided by the
extension service (SNV) and by neighbors who already have
a biogas digester installed. This is probably the reason why the
volume of digesters within each of the respective regions is very
similar (Table 7). In Hanoi, the volume of digesters ranges between
11e16 m3 and in Hue between 6 and 8 m3, a difference between
Fig. 3. Biogas digesters installed on the farms in Hanoi and Hue.



Fig. 4. Left) bio-digester design constructed by composite material and Right) Dome bio-digester design build with bricks.

Table 7
Relationship between retention time (days), volume of biogas digester (m3) and
loading rate (m3/day) in biogas households.

Regions RT (days) 1e10 11e20 21e30 31e40 >40

Hanoi Average RT (days) 7.7 14.5 25.7 35.4 95.4
Hanoi Number of farms 24 31 11 5 25
Hanoi % of farms 25.0 32.3 11.4 5.3 26.0
Hanoi Digester volume (m3) 11.2 15.2 15.3 15.6 13.4
Hanoi Average loading rate (m3 day�1) 1.6 1.1 0.6 0.5 0.2
Hue Average RT (days) 6.5 15.2 26.9 33.7 66.1
Hue Number of farms 16 14 4 4 12
Hue % of farms 32.0 28.0 8.0 8.0 24.0
Hue Digester volume (m3) 7.4 7.5 7.3 6.5 7.9
Hue Average loading rate (m3 day�1) 1.5 0.5 0.3 0.2 0.1

RT: Retention time.
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regions that reflects that farms in Hue have fewer animals. Most
family-size digesters in countries supported by SNV such as
Uganda, Nepal, Kenya, and Tanzania have a bio-digestion capacity
volume of 6e16 m3 (Walekhwa et al., 2009; Mwirigi et al., 2009).

In addition to temperature, other problems that affect gas
production and collection are broken digester caps and gas valves
that are not airtight, leaving gas escaping to the atmosphere. This is
a significant environmental problem as biogas production then
may increase GHG emissions to the environment.
Fig. 5. Number of animals on pig farms and relationship wi
At the low temperatures the retention time should be at least 20
(Thy et al., 2003) and better 30e50 days). For comparison large-
scale mesophilic digestors (37 �C) typically have a retention time
of 15e20 days. About 55% of the digesters in Hanoi and 60% of the
digesters in Hue have a retention time of between 1 and 20 days
(Table 7). In these biogas plants the organic matter is not efficiently
transformed to biogas. This will also cause problems with odor
emission from fermented manure. The organic matter discharged
to water sources lead to a high oxygen demand causing anaerobic
conditions in recipient waters, and pathogens like E-coli and
parasite eggs may proliferate in the discharged manure due to the
short treatment time and may spread disease (Campagnolo et al.,
2002., Gerba and Smith, 2004). In contrast, with a long retention
time, little methane is produced during the last days of fermenta-
tion, and that is not economical. Figs. 5 and 6 shows that there is
a difference in number of animals between households, however
volume of digesters is quite similar in both Hanoi and Hue. So there
is a need to develop models and decision support that includes
advice on the most appropriate size of biogas digesters in relation
to the soil temperature and the amount of manure produced on the
farms.

The SNV organization advises farmers to feed the digesters with
manure and water at a ratio of 1e3. This advice had not reached all
farmers, and they therefore used an arbitrary amount of water for
cleaning the pigpen and flushing manure into the bio-digesters e;
th retention time of slurry in biogas digesters in Hanoi.
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Fig. 6. Number of animals on pig farms and relationship with retention time of slurry
in biogas digesters in Hue.

C.T. Thien Thu et al. / Journal of Cleaner Production 27 (2012) 64e7170
they stopped adding water when the pigpen was clean (Table 8). In
Hanoi, the average ratio of manure to water was about 1:9 in the
summer and 1:8 in the winter, and in Hue the numbers were 1:20
and 1:16, respectively. Consequently the manure is very dilute and
biogas production is low due to a low retention time.

Almost all farms used chemicals to clean pigpens. The chemicals
such as powdered lime, iodine and chloramine are used to clean the
pigpen after a batch of fattening pigs has been removed to avoid
spreading disease to the new batch of pigs. Farmers are aware that
chemicals can affect the fermentation process and have installed
a separate pipeline that carries washing water with chemicals
around the digester. It was noticed that some farmers did not know
that chemicals can effect fermentation, and on their farms washing
water mixed with chemicals was fed to the bio-digester and the
biogas production was significantly reduced on these occasions.
Powdered lime is a popular disinfectant due to its cheapness. Lime
may increase the temperature in the digester because of
a powdered lime-water reaction. Sudden changes in temperature
are a hazard to the biogas production. Further lime addition may
also cause an increase in pH above the optimal pH of 7, which is
detrimental to the fermentation process especially sudden
increases as will be caused by occasional addition of lime. Other
disinfectants like iodine and chloramine are also often used, and
these chemicals will kill the microorganism in the digester, stop-
ping the biogas production. There is a need to test how a disinfec-
tant affects the biogas process and to provide advice on how to
adjust its use to ensure that the fermentation process is not nega-
tively affected.

3.5. Biogas consumption

Most farmers answered that their biogas digesters produced gas
at a rate that fulfilled their needs for cooking and lighting. On some
farms too much biogas was produced, which was then emitted to
the atmosphere or made available for their neighbors to use.
However, the biggest problem that we saw on farms was that the
gas cooker rusted very fast and was unusable after 2e4 years. The
Table 8
Volume of water used in biogas and non -biogas households in summer and winter.

Hanoi Hue

Biogas Non-biogas Biogas Non-biogas

Cleaning water in summer
(l/day/household)

380 230 220 189

Cleaning water in winter
(l/day/household)

300 180 180 140
reason for this was that the farmers did not use a filter to absorb the
dihydrogen sulphide (H2S) in the biogas before using the gas for
cooking. The H2S in combinationwith water forms an acid which is
corrosive.

The main purpose for installing biogas is to use the gas for
cooking (Fig. 2), which replaces energy sources that must otherwise
be purchased or collected, i.e. propane gas, coal or firewood.
As mentioned above, farmers also find that the fermentation of
manure in biogas digesters reduces odor emissions significantly,
that there are fewer flies on the farm and that the pigpens are
cleaner. Not least do the farmers savemoney from using biogas. The
cost of installing a biogas digester in Hanoi is around US $ 400 and
US $ 200 in Hue province. Biogas digesters can reduce annual
energy costs by US $ 120e150 per farm, and the payback time is
estimated at two-three years. In China, the investment costs for
a biogas plant is US $ 264e442 for size from 6 to 10 m3 (Mi, 2008).
It is more expensive in Uganda at US $ 700e1200 for 8e16 m3

plants (Walekhwa et al., 2009) and in Kenya at around Kshs
72.000 w US $ 790(Mwirigi et al., 2009).

Countries like Vietnam can also benefit from selling CO2
reduction through the Clean Development Mechanism (CDM;
Teune, 2008).
4. Conclusions

The biogas technology can potentially contribute to solve Viet-
nam’s current problems with animal manure management. It offers
additional energy, environmental and economic bonuses. The
results of the survey showed that nearly all farmers realized that
biogas digesters provide multiple benefits, but that the main
stumbling block to them installing one was lack of money.
Currently, the SNV organization contributes 10% of the cost, with
farmers having to pay the remainder themselves. Ninety percent of
non-biogas farmers answered that if they had enough money they
would install a biogas digester. Moreover, farmers need advice and
technical support to optimize biogas production on a number of
concerns such as ratio of water to manure input, how to use
disinfectants without decrease in gas volume produced, how to
maintain biogas digester. In particular, farmers are very much in
need for techniques to prevent gas cooker corrosion due to sulfuric
acid. The survey results also indicate that difficulties in transporting
the liquid manure to the fields limit the usability of the manure.
There is a need to improve the vehicles to make it easier and more
comfortable for farmers to transport manure.

Finally, the legislation covering small and medium-scale live-
stock farms is very inadequate. Farmers can, for example, freely
discharge manure into public waterways. This manure is the source
of eutrophication, odor pollution and constitutes a risk for the
spread of disease and is a challenge for the maintenance of hygiene.
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