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Abstract: Biogas from livestock waste is considered as clean and renewable energy in Vietnam. In the last 20 years, in rural and
remote areas of Vietnam, there has been a significant increase of small-scale household biogas digesters. Biogas digesters create the
benefits of replacing energy and mitigation of climate change caused by greenhouse gas (GHG) emission and deforestation for
firewood and charcoal. Livestock waste produces approximately 85 million tonnes every year and continues to increase, meaning
there are huge feedstocks for biogas digesters to meet the energy demands in households. However, there are also many constraints
on the development programme for small-scale household biogas digester. In Vietnam, the socio-economic situation and the lack of a
sustainable energy policy for biogas from livestock sector are hindering the growth of the biogas digester industry. Government
subsidies are needed to encourage farmers to participate. This paper will be helpful not only for the sustainable development of
household biogas in Vietnam, but also for the developing program of biogas generation in developing countries with similar
agricultural economies to Vietnam.
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1. Introduction household scale is not strict and it is accepted as a
habit of traditional small-scale livestock breeding in
Vietnam. Therefore, it is difficult to apply modern
technology of waste treatment on a small-scale due to
lack of available finance for farmers.

In the past, manure from small-scale household
farms was used for composting, used for fish feed
and/or was discharged into rivers and lakes causing
spread of pathogenic microorganisms into watersheds.
There are some bacteria that cause human disease
being found in livestock manure, such as E. coli,
Salmonella sp., Staphylococcus sp. or parasite [2, 3].

In recent decades, the popular application of
bio-digestion for treatment of livestock waste in
Vietnam has brought many benefits in terms of the
environment and energy. Bio-digesters overcome
environmental pollution caused by pathogenic
microorganism or odour. Methane from bio-digestion
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Approximately 70% of Vietnam’s 90 million
people rely on agriculture. The quickly rising
population and demand for meat have led to the rapid
development of the livestock sector [1]. Like other
developing countries, the scale of the livestock farm in
Vietnam is small-scale (household scale). With the
growth of these small-scale farms, Vietnam is facing
many problems associated with animal waste
management, such as environmental pollution by
odour, greenhouse gas (GHG) emission and human
pathogenic organisms. Livestock waste, as manure or
urine, is not usually treated due to lack of money and
government regulation and also lack of recognition of
the problem by the farmers themselves. Binding
regulations to the handling of livestock waste in
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lighting, reducing the dependence on fossil fuels and
reducing emission of methane to the atmosphere.

This paper reviews the deployment of small-scale
biogas digesters with a special focus on the conditions
in Vietnam, highlighting the benefits of biogas
digesters at a household scale for improving the
environment and producing energy. The current status
of the livestock sector and popular biogas digesters
used in Vietnam are also discussed.

2. Current State of Livestock Sector in
Vietnam

Livestock at household scale supports the
livelihoods of millions of people. According to
General Statistics Office of Vietham (GSO) from
1990 to 2013, the numbers of livestock have increased
with time, especially poultry and pigs [4].

Along with the rapid increase in numbers of
livestock, there has been a concomitant expansion of
the numbers of households with livestock. Indeed,
most households are small-scale farmers with less
than 19 fattening pigs or fewer than five sows [3].
Therefore, biogas technology offers the best
management for waste treatment of manure and for
energy collection in household.

Currently, there are no official statistics on the
volume of waste from livestock sector in Vietnam.
However, based on estimated data of Ministry of
Natural Resource and Environment, Vietnam, and
using the average manure production per head per day

at about 1.5-2.0 kg/pig, 15 kg/cattle and 0.2 kg/poultry,
it can be estimated that there are about 85 million
tonnes of livestock wastes discharged every year.

In the past, livestock waste was discharged into the
environment, or used as feed for fish or as an organic
fertilizer. From 1970, due to the increasing prices of
fossil fuels, anaerobic digestion to collect biogas as an
energy source for cooking became economically
feasible. It was noted that cooking food accounts for
90% of energy consumption in the households of
developing countries [5]. For the last 20 years, as
shown in Fig. 1, there has been a strong growth of
biogas technology through the support of both finance
and technology transfer from foreign organizations,
such as Netherland Development Organization, Asian
Development Bank and the World Bank in an effort to
reduce environmental pollution and also provide
biogas as a clean energy source.

Currently, there are about 500,000 biogas digesters
in Vietnam, mainly smaller than 10 m* in size [6].
One of the most important biogas project funded by
foreign organization is the Vietnam Biogas
Programme. This project has been supported by the
SNV, Netherlands, a non-profit, international
development organization, established in the
Netherlands in 1965. By the end of 2012, 152,349
biogas plants were built by the organization [7]. The
project has won international recognition as a winner
of the Energy Global Awards in the years of 2006,
Ashden Award in 2010 and Humanitarian Award in
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Fig. 1 Statistic of main livestock from 1990 to 2013 in Vietnam [4].
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2012 [8, 9]. Increased awareness of the importance of
environmental protection and the reuse of livestock
waste as a renewable energy is occurring in Vietnam.
The Vietnam government, together with technology
transfer of biogas technology and financial support
from foreign organizations, will be aiming for a
sustainable target of biogas digester uptake in most
Vietnam households.

3. Small-Scale Household Biogas Digester
Types Used in Vietnam

There are many types of well-known biogas
digesters used around the world, such as the fixed
dome digester (Chinese model), the floating drum
digester (India model), the plastic tubular bio-digester
(Taiwan model) [5, 10]; however, in Vietnam, the
research and application of biogas technology have
been given considerable attention in the last 30 years
and focused on three main models of biogas digester
for small-scale applications, each with its own
advantages and disadvantages.

3.1 Fixed Dome Bio-digester (Chinese Model)

The fixed dome digester is the original and is most
popular type of biogas digester in Vietham. The shape
of the fixed dome bio-digester is similar to a sphere
and is built below ground by blocks and/or bricks,
cement and steel (Fig. 2). However, there are some
slight modifications on later models regarding the
location of inlet and outlet. These modifications also
include use of different materials, such as fiberglass

Fig. 2 Illustrative models of fixed dome digesters.

reinforced plastics, to improve their efficiency,
increase operational life, lower maintenance costs and
lower time of installation [11]. The size of fixed dome
digesters ranges from 5 m® to 30 m®.

3.2 VACVINA (Vietnamese Design)

This model (Fig. 3) was designed in 2000 by the
Centre for Rural Communities Research and
Development (CCRD)—a non-governmental and
non-profit organization belonging to the Vietnam
Gardening Association [12].

VACVINA biogas digesters have many advantages
over some other models of biogas digesters, such as
simple design suitable to rural areas with stable and
long-term operation. The model combines a toilet on
surface, where the biogas digester is used a septic tank
to save on costs and construction area. In addition,
human excrement is used as an organic feedstock for
bio-digestion, and the concentration of pathogenic
bacteria, such as E. coli, is reduced [13]. This model
has been popular in Vietnam and is also used in other
countries, such as Cambodia and Tanzania [12].

3.3 Plastic Bladder with Continuous Flow (Taiwan
Type)

The plastic tubular bio-digester (Fig. 4) consists of
an elongated polyethylene bladder and is often placed
in a trench to avoid damage [14]. The gas is stored at
the upper section of the bladder, and the length of the
bladder depends the volume of waste to be treated.
The inlet and the outlet are attached directly to the
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Fig. 5 The number of plastic film biogas digesters in Vietnam [16].

membrane of the bladder.

This bio-digester is much less costly than the fixed
dome bio-digester, but has a lower useful life (less
than 25% of the life of the fixed dome bio-digester).
However, it suits the household scale with changeable
plan of livestock. On the basis of low investment, fast
payback, simple technology, simplicity of installation,

positive effects on the environment and women’s lives
in rural areas, this model (Fig. 5) has been rapidly
adopted and disseminated to farmers [17]. More than
40,000 plastic bladder biogas plants (8% of total
biogas digesters in Vietnam) have now been installed in
these provinces, especially in Dong Nai, Binh Duong,
Tay Ninh, Long An, Binh Thuan and Ninh Thuan.
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Plastic bladder digesters do not provide much insulation,
so they are most suitable in regions, where the climate
is warm all year, such as the South of Vietnam [18, 19].

4. Benefits of Energy Recovery and Global
Warming Mitigation

Biogas is a renewable and clean energy that can be
used to meet basic energy demands for cooking,
heating and lighting. In Vietnam, biogas is mainly
used for cooking of human food, animal feed and in
other businesses, such as wine, tofu, egg hatcher and
so on [20]. A small portion of biogas is used for
heating, lighting and electricity production. Replacing
traditional energy sources, such as wood, dried dung,
charcoal and liquefied petroleum gas (LPG), with
biogas from human and livestock wastes, will reduce
deforestation [21]. According to Surendra et al. [7]
and Khoiyangbam [22], firewood is estimated to
account for approximately 54% of deforestation in
developing countries. Using biogas also mitigates
indoor pollution (less dust, soot and smoke), improves
the working environment for women and reduces
odour, pathogens and flies. The use of biogas will also
reduce the workload for farmers, who would otherwise
have to collect firewood [7, 23]. Therefore, biogas
technology can help reduce poverty and support
sustainable development [24]. The approach is also
particularly suitable for rural or remote areas, where
there is no energy infrastructure. Surendra et al. [7] also
reported that energy content in 1 m® of biogas at
average of 60% CHy has a heating value of about 21.5
MJ. A comparison of the energy potential of 1 m*® of
biogas with other energy sources is showed in Table 1.

Another application for biogas digesters is the
collection of high quality organic fertilizer generated
from the slurry of anaerobic digesters [10]. Due to
limited access to chemical fertilizers (availability and
cost), this bi-product from biogas digesters is
important for mountain or remote areas in Vietnam.
Instead of discharge to the ambient environment or
lost in the form of CO, during traditional methods of

open pit composting, about 60% organic matter
content of manure containing plant nutrient, such as
nitrogen, phosphorus and potassium, are well preserved
in slurry [7, 25]. The slurry helps maintain soil structure
and supply organic matter lost during plant harvesting.
Using fermented manure as a source of organic material
and nutrients for crops also helps to reduce NO,
emissions (another GHG), which is known to occur
when using chemical fertilizers [26, 27].

In recent decades, biogas digester has been
mentioned as one way of mitigating GHG. The United
States Environmental Protection Agency (EPA) states
that methane is a GHG of 20 times more
heat-absorbing than CO, when in the atmosphere [28].
The impact of methane in GHG is 25 times higher
than impact of CO, based on an observation period of
100 years [29-31]. However, using biogas as a
renewable energy to replace other energy sources will
mitigate potential of GHGs contributing to global
warming [32]. Besides CO,, small quantities of CHy,
N,O and CO are released during combustion. A
comparison of potential emissions of these gases in
Table 2 shows that biogas is the cleanest energy by
GHG emissions.

Table 1 Energy equivalence of different energy sources
with respect to biogas [7].

Energy source Equivalent to 1 m® of biogas

Gasoline 0.53-0.73 L

Ethanol 0.81-1.10L

Petroleum gas 0.48-0.65 L

Natural gas 0.45-0.61 m®

Wood coal 0.91-1.24 kg

Electric energy 4.6-6.2 kWh

Mineral coal 0.60-0.82 kg
Table 2 A comparison of GHG emissions during

combustion of different types of fuels [30].

Gas emission/1 MJ of delivered energy

Fuels

CO,(9) CHs(mg) CO(g)  N,O(mg)
Biogas 8150 57 0.11 5.40
Coal 682 1,300 26.20 1.40
LPG 139 8.90 0.82 6.00
Wood 532 600 14 4.30
Dung 885 7,100 39 270
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Vietnam can receive benefits from selling credits
(by CO, reduction) through the clean development
mechanism (CDM) Project and this is an important
factor for increasing the uptake of biogas digesters.
CDM is an arrangement under the Kyoto protocol
allowing industrialized countries with a GHG
reduction commitment to invest in projects which
reduce emissions in countries producing less GHG. As
a consequence, the development of CDM biogas
technology projects and the sale of carbon credits have
opened up new channels of finance for biogas
programs in Vietnam. The Vietnam Biogas Program
has achieved registration under the gold standard and
the stringent certification standard for projects
reducing carbon emissions [33]. Some CDM projects
of biogas have been developed in Vietnam with the
support from foreign organizations, such as the
cooperation between Can Tho University, Vietnam
and Japan International Research Centre for
Agricultural Sciences (JIRCAS). Under the CDM,
JIRCAS will invest capital to farmers for building
biogas digesters for methane collection and
minimizing CO, emissions to the environment [34].
The reduction of this gas will be measured and
converted into carbon credits. One carbon credit is
equivalent to 1 tonne of CO, emission. On average,
every 1,000 households in the province of Can Tho in
the program with 1,000 biogas digesters are deployed
each year, and this could create about 3,000 carbon
credits. When carbon credits have been stabilized over
time (target uptake of biogas digesters), JIRCAS will
sell these credits to another country. Until the end of
2012, the Vietnam Biogas Program has produced
510,952 carbon credits, equivalent to reducing
510,952 tonnes CO, emission [35]. The total potential
dollars calculated for all of Vietnam, based on 20
million biogas digesters using 85 million tonnes of
livestock waste and at an average price per one credit
about 5-20 US dollars, would be $300 million to $1.2
billion US dollars. Vietnam can gain financially from
biogas program.

5. Potential and Challenge of Development
of Biogas Digesters

Vietnam has a huge feedstock for biogas digesters
to meet the energy demands in households due to
about 85 million tonnes of livestock waste every year,
which continues to increase over time. Biogas
digesters are suitable for management of livestock
waste in Vietnam at a household scale. Livestock
waste can be combined with human excreta and food
wastes from household or plant, such as water
hyacinth [34], to increase treatment efficiency and
methane rate. Different waste source will produce
different amount of biogas, as shown in Table 3 [7].
However, if averaged just 0.4 kg dry weight of
livestock waste to form 1 m® biogas, 85 million tonnes
of livestock waste will make more than 212 billion m®
of biogas every year without mention of other
feedstock, such as human excreta or food waste.

Vietnam has a tropical and humid climate all year
with high temperature, which suits biogas digesters.
Annual average temperature in Vietnam ranges from
23 °C to 27 °C and provides good conditions for
microbial activity, which contributes to high
percentage of methane in biogas component.

Although there are such potential of development of
biogas digester in household scale, biogas energy has
not yet received significant attention of farmers. The
first and the biggest challenge is that farmers do not
have enough money for investment of biogas digester
at their home, because most of them live in rural area
and are poor farmers. According Thu et al. [24] in their

Table 3 Biogas yield potential of different organic
substrates [7].

Source Specific biogas production

(m*/kg dry weight)
Cattle manure 0.20-0.30
Pigs manure 0.25-0.50
Chicken manure 0.31
Sheep manure 0.30-0.40
Human excreta 0.38
Vegetable waste 0.40
Water hyacinth 0.40
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survey, 90% of farmers lack sufficient funds for
biogas installation.

The second barrier for development of biogas
programme is the lack of information about biogas
technology and biogas technology transfer at the rural
areas. This results in almost all livestock waste
discharging freely into the open environment without
treatment. This causes contamination of water sources
in the local areas, which are used by most of the local
people, especially the poor for their living. Therefore,
it is necessary to generate more communication
programs on biogas technology, water and sanitation,
etc., for rural residential communities in the process of
improvement of the environment and livelihoods of
the local people.

Farmers need more advice and technical support to
optimise biogas production. Thu et al. [24] reported in
their survey that most farmers learn about technology
of biogas digester from neighbor, although they do not
have much technical knowledge. Many farmers give
up using their biogas plant after some years when gas
flow decreases, because they do not know how to
maintain biogas digester, such as, knowing the ratio of
water to manure input or a loading rate to increase gas
volume and so on.

Another concern is gas leaking in the operational
process. Very little information is available about
methane losses from small-scale biogas digester, but
Sander et al. [30] reported approximately 40% CH,
losses from small-scale digesters by emission from
inlet and outlet, leaking from cracked/broken cap of
digester or non-airtight gas valves and intentional
releases. It was estimated that about 2 m® of gas
emission per year from inlet and outlet occurred from
a fixed dome biogas digester [36]. Regarding the
emissions from intentional release of excess biogas,
Bruuna et al. [30] reported that up to 15% of gas
produced in Thailand was released. This is possibly
higher in Vietnam, especially in summer when high
temperatures leads to gas forming faster due to strong
growth of bacteria. Most excess biogas was directly

released into atmosphere or burnt, and only a small
amount was shared with neighbours [24, 30, 37].

6. Conclusions

Small-scale biogas digesters have become a suitable
solution for management of livestock waste in
Vietnam, and have significantly helped Vietnam to
solve the energy shortages and environmental
pollution in remote areas. It converts waste to useful
energy, reduces GHG emissions and reduces the need
for solid fuels, thereby reducing indoor air pollution
and providing health gains. Further progress will be
dependent on more efforts, as educating the public and
the farmers about the benefits of biogas, development
of biogas technology and legislative reforms about
renewable policies. When educating the public to the
benefits of biogas derived from manure, emphasis
should also be placed on the potential health risks of
the post-fermented waste due to pathogen survival.

At the moment, energy recovery from biogas might
not be a priority for the energy development program
in developed countries around the world, but it is
extremely useful for a developing country, such as
Vietnam with its value both to the environment and
the energy economy.
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