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Abstract

In order to evaluate polyethylene tubular digedmrelopment in Vietnam, interviews were
carried out in ThuanAn district and at two extensientres. Data of design parameters, gas
production, economic aspects, farmers' participatiechnical problems and methodologies
of biogas development were collected. The technoleas appealing to the rural people
because of its low cost, fast payback, simplicitgl @ositive effect on pollution. The findings
pointed to the importance of farmers' participafmntechnical feedback, plant maintenance,
plant repair and teaching of other farmers. Theadtgnation of the technology needs the
selection of real farmers with high fuel demandsgl@sonstrators, the support of a credit
system for the poor farmers and strengthening feslextension-scientist relations. Follow-up
research should be focused on on-farm studiescplanry the use of the effluent (slurry).
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Introduction

In recent years, the conversion of biomass to metf@ar use as an energy source has excited
interest throughout the world. Biogas digestion wai®duced into developing countries as a
low-cost alternative source of energy to partiallgviate the problem of acute energy
shortage for households. However, few farmers bgaghs in practice. The poor

acceptability of the digesters is believed to be ahainly to the high cost of the digesters,
difficulty in installing them and difficulty in géihg spare parts. The biogas programs
developed quickly in some developing countries amlgter substantial support from
governments and aid agencies (Gunnerson 1986 plaisbn and Bokalders 1991; Marchaim
1992; Karki 1996) . Besides, the replacement ofnaaut parts posed another technical
problem, in addition to the fact that such spamtspaere not always locally available.

Many developing countries, such as Colombia, Ethiopanzania, Vietham, Cambodia,



Bangladesh promoted the low-cost biodigester tdogyaiming at reducing the production
cost by using local materials and simplifying istallation and operation (Solarte 1995;
Chater 1986; Hieu et al 1994; Sarwatt 1995; So&884; Khan 1996). To this end it was
decided to use a continuous-flow flexible tube Igedter based on the bag digester model as
described by Pound et al (1981) and later simplliiig Preston and co-workers first in
Ethiopia (Preston T R, unpublished data), Colon(Bi@tero and Preston 1987) and later in
Vietnam (Bui Xuan An et al 1994). Up to now (Mayal9, more than 4,000 polyethylene
digesters were installed in Vietnam, mainly paidldg farmers (Nguyen Khang, personal
communication).

The objectives of this study were to assess tleesfiof low-cost biodigesters in small farms
in Vietnam and to identify experiences, effectsistoaints and problems associated with this
technology.

Materials and methods
Parameters of digesters

Data of design parameters and cost were collected 194 biodigesters installed from April
1993 to December 1995 around Ho Chi Minh City.

Influence of biodigesters on the farmers' lives

Open-ended interviews (Casley and Kumar 1988) waneed out on 35 small farms having
biodigesters in the Thuan An district, 40 km nastiHo Chi Minh City. In the selected area
there were both upland and lowland ecosystems1&@® mm rainfall, an average
temperature of 2C with small difference between seasons, sugaraadeassava as the
main crops and pigs as the most common animal (TAmaPeople's Committee report, 1994,
unpublished).

The questionnaire for farmers and their wives doethquestions such as:

e Use of the biodigesters: cooking parameters, ecaoof biogas use, use of effluent
for fertilizer and other uses.

o Farmers' participation: where did they get thenmiation, payment of the digester,
conditions before and after biogas use, opiniossaiggestions.

o Digester life: technical problems, when did prokdemecur, who fixed them, how was
it done, what materials were needed.

Input and output from digesters

e Manure inputs were weighed directly on most offdrens. In cases when weighing
was impossible, the amounts were estimated by congpaith other farms with
similar numbers and ages of animals. The amountstdr were weighed directly or
estimated from multiplying water speed and washimg.

e Gas production: by industrial gas-meter model k-87%azaki Keiki Co., Japan
connected to the gas outlet of digesters.

e pH: by digital pH-meter.



« Dry matter (DM) of the manure was measured by @dygn105C until constant
weight in a forced draught oven.

e« COD: Chemical Oxygen Demand (the amount of oxygersemed for the oxidation
of the reductive substances contained in a litdggafd waste sample), using standard
methods (HMSO1986).

Tahle 1: Mean values for some design parameters
and cost of 194 digesters installed around Ho Chi
Minh City

Ifean Range
Length ( m) 102 4-30
Diigester ligquid volutme (m3) 51 2-15
Distance to kitchen{m) 23 a-71
M aterial cost I:LTS$] 254 14-82
Diays to first gas production 17 1-a0

Diigesters it rural areas(%E) 91

Floating digesters (%) 3

The data and samples were taken for two consecdiéiye in the rainy season (from May to
October) from 31 biodigesters randomly selectediadddo Chi Minh City. The average
temperature in the area was 2C.%nd temperature difference between day and might
10°C.

Interviews on extension and demonstration farms

The topic-focused interviews (Casley and Kumar }98&e carried out with two
extensionist groups, one at BaVi, HaTay provinag téwe other at Thu Duc, Ho Chi Minh
City. The topics concerned selection and statuieafonstration farms, list and rank of
problems in the biogas development. The data wene terified by farmer's interviews and
field observations.

Results and discussion
Design parameters and cost of digesters around HohCMinh City
The data are presented in Table 1. The averag&hlehthe digesters was 10.2 m with an

estimated digesta volume of approximately 5*)(length x 0.5 ). The material cost was
slightly more than US$25 for a family digester.

Tahle 2: Economics of biogas introduction in 31
gmall farms in Thuan An district, Wietham

Meann FRange
Cookitig time (houes) 4.4 1.9
Fuel savedin
cooking (U3 fimonth) 6.5 18136
Digester cost (U3 unit) 342 18.53
Humber of pigsfarm 10,7 0-40

Payback time (months) 54 2-19




In most developing countries, when the subsidiesifgovernments are reduced, the number
of plants built each year falls dramatically (Etisd Hanson 1989; Qiu et al 1990; Desai
1992; Karki et al 1994). The most important problaerbiogas programs in developing
countries has been the price of digester plantsek@mple: the price of a concrete digester
plant installed for an average family in Vietnanmige from 180 to 340 US$ (Thong 1989).
This size of investment is considered unafforddylaverage farm families (Bui Xuan An et
al 1994). Chinese designers tried to reduce theatesd-mud digesters to 25-30 US$/m
(Gunnerson and Stuckey 1986) but it was still higbomparison with the polyethylene
digesters (5 US$/f This is obviously one important feature whichkesthe polyethylene
digesters attractive and no farmer in the presextyscomplained about the price.

Among the polyethylene digesters installed, 5%hefit were floated in ponds adding an
innovative feature to the development. Accordinglkmi et al (1989), in the Mekong Delta
where most land is low, the application of concitesters was very difficult especially
when the water level went up. The floating digestarived this problem and as they also
required little space they very well suited for {bxng areas. More than 90% of the plants
were installed in the rural areas indicating thedymmpact of the technology in the rural areas
of Vietnam.

Influence of biogas on small farms in the ThuanAn btrict

Tahle 3: Farmers® participation and opindons on
plastic biodigesters in Thuandin district, Vietnam
in=number of far mers)

First information from: n
Heighbours or relatives 32
Il ass media 3

Payment of the dicester planis:
Farmers paid totally 33
Partially (demonstration) 2

Using slurry for:

Plants 3
Potids 3
W othing 3l

Status of gas producton:

Enough zas 26
Little zas 5
Mo gas 4

Advantages of hiogas:

Sawes money 34
Less pollution 35
Easy cooking 33

The effects of the introduction of digesters in Bf@aams are presented in Tables 2-4.
According to the annual report of Thuan An peoptemmittee (1994, unpublished), most of
the farms with biodigesters belonged to the mednoame group (sufficient food all year
around). In this group animal production is a venportant component in their farming
systems and a sufficient number of animals is ingrin the dissemination of biodigesters.



The expense for the digester plant was paid battkimslightly more than 5 months, so most
of the farmers found a great benefit from instglldigesters.

Among 35 farmers interviewed, four of them were p@wt enough food in certain months)
The most important thing for them is food and thewuld not afford a sufficient number of
animals for feeding manure to the digester. Thegtedto borrow money to be able to raise
animals. Four farmers had no gas when the interwaw carried out. Three of them did not
have animals because they found raising animalsotitgble if they had to borrow money
from local lenders at 5-10% monthly interest. Thigs an important aspect as especially
resource-poor farmers cannot support the digessealiation and keep animals, although they
know the advantages of biogas.

Previously, animal manure was an environmentallprolin villages in the district, mainly in
crowded and lowland areas where it caused pollutidhe air, water and soil. After
installation of the digesters, all 35 families rgo@ed better environmental conditions, less
smell, fewer flies and cleaner waste water. Sunmmayidetails of experiments conducted
with pig slurries, Pain et al (1990) concluded tihat digestion reduced odour emission by
between 70 and 74%. According to the women who wesponsible for food preparation,
use of biogas meant that they could attend to atleek, while cooking. This is in contrast to
the situation when using solid fuels such as fiow@requiring much closer supervision. The
women stressed that they could now cook in a ademmwronment free of smoke. Their pots
and pans were clean and they did not have to dpaadn tedious cleaning. They stated that
they could cook all food items on gas.

Input and output of digesters working in small farms

Tahle 4: Inpuat and outpat of 31 digesters working on
small farms around H o Chi Manh City, Vietnam

Iean FEangs
Gize of familsy 58 3-12
I anure loading (kgid) 1a 2-27
Ratio water/mmatine 31 a0. &1
Loading rates (kgD im™) 0.7 nil-12

Temperature of loaditiz (70 254 AT -85
Temperature of effluent (Y 3 da0-291
1H of loading 6.7 a4-71
#H of effluent 1.2 AE-T5
Gas production (littesfunit/day) 1,235 gE0.-2 237
Crasfeapita (litreslipersonfday) 223 Az - 3717

Methane (%07 5a 45 - pZ
CODY of loading (mgflitre) 358 224460
COD of effluent (malitre) 135 aE.d38
COD removal rate (%) A 4270

“From 9 digesters

¥ COD=Chemical Oxygen Demand (the amonnt of
oxyzen consumed for the oxidation of the reductive
substance s contaired in a litre of liguid waste sample by

a strong oxidizer)



The average manure DM percentage was 25% andatmgprates ranged from 0.1 to 1.2 kg
DM/m? digester liquid volume. Biodigestion decreased Ciéin 35,610 mg/litre in the inlet
to 13,470 mg/litre in the effluent indicating a pess efficiency of 62% (COD removal rate).
The volume of gas per capita per day enough fokiogahree meals was about 200 litres.
The loading rates were low and gas production cbal@nproved by increasing the amount
of manure fed to the digesters. Beside cooking snesing gas, five farmers cooked animal
feeds, three made wines, one made cakes and twarptetea and coffee in their cafeterias.
This demonstrates that there are several reasonptiake, as discussed by Dolberg (1993).

Technical problems with the digesters

Main causes of damage to the digesters were thdadlimg objects, people and animals
(Table 5). In cases where the digesters had beallytexposed to the sun, the plastic film
was broken after 2 years. Seven digesters had dildes than 2 years and four of them had
been changed by technicians or farmers. The mbtasa for changing was about 15 US$
and one work-day was needed. Most digesters iadtdliring 1995 were protected by roofs
made from local materials, mainly palm leaves. ABmple fences were made around the
digesters to prevent damage from animals or people.

Slightly more than 40% of the biodigester plantd peoblems especially with the plastic
tubes (Table 5). An interesting observation was ith@0% of the cases (12/17) the farmers
could correct the problems by themselves and anB0P6 of the cases did they need help
from technicians. Repairs were mainly simple amch&s could teach each other. The first
farmers who had digesters installed more than sy@go needed help from technicians,
while farmers who had installed their digestersinithe last year could resolve their
problems by themselves. They had received infoomagxperience and guidance from their
neighbours. With increasing age of the plants npooblems would be expected.
Nevertheless, as more plants are installed inlagalthere will be more experienced farmers
to do repairs and the help required of techniciaosld therefore be less. Also if there are
good written instructions summarizing experiencesnfusers, demand for the technical
personnel will be less.

Tahle 5: Technical problems with polyetiolene tube
digesters it Thuandn district, YVietham
Datnage by Location of damages

Digester Feservoit Other  Total
St 4 4
Falling objects 2 1 3
Feople 2 1 3
Aimal 1 1 i
Il aterial qual 1 1 2
Wind 2 2
Owetloading 1 1
Total 11 5 1 17
Self help® & 3 1 12

“Farmers fixed digesters by themselves



This result shows that technical problems withpgbtyethylene digesters were resolved more
easily than with other materials, such as concetézl and red mud. In many developing
countries, the biogas programs have failed becalisefficient maintenance due to lack of
technical personnel (Kristoferson and Bokhaldei$1)9When the farmers do not take care of
the digesters, only a small problem can cause gahkiption to cease making the farmers
disappointed. The participation of the farmers flaged an essential role in the
dissemination of the technology. Some digestershwvere not studied were installed by
farmers themselves in the district.

Tahle 6: Comparison of demonstration
farms and digesters installed at twao
extensiorst groups in Vietnam

Item Ba¥i ThuDue
Demonsiration farms:

Total patticipants T 3
Main ineome

from agriculture 1 ]
Govermt employees ] n
Enough five wood 3 0
Enoughwood &

lack of mamure 1 n
Demonsiration digesters:
Working after 2 years 2 fi
Enough gas produced . 0 f

Problems in the extension of biogas technology

There are some constraints and problems in themisstion of biogas technology in
developing countries. The question is how to stthesn and what priorities to make. Some of
the biggest problems in the Bavi and Thu Duc aaeagointed out in Table 6 in order of
priority. In Bavi, the most important problem wassuitable selection of demonstration farms
(where main income was not from farming activitie$)ich resulted in low feedback from
farmers on the technologies of installing, maintajrand repairing the digesters (Table 7).



Tahle 7: Problems in plastic tube biodigester
development it order of priority according to the
extensionists in two extension centres in Vietnam

Priotity | Bawvi Thu Duc
1 Extension Investment of
methodalogy farmers
2 Installation Plastic quality
teckriolologzy
3 Unstable animal Unistable
production atimal
production
4 Inrestment of Technical
poot farmers thaittetance
] Flastic Efficiency of
availability gas production
& use
f Plastic cqualitsy

The selection of demonstration farms will promdte tegree of farmer participation in
digester introduction and provide technical feedb#tthe first year, the Thu Duc group
installed 60 digesters with the orientation of tfi@rs pay" in order to strengthen their
motivation. Full-time farmers (most activities ame-farm) with high demands for fuel were
selected as demonstrators. They paid more timaeio farming activities and were more
motivated to look after the digesters carefullyd @aonsidered the digesters as "animals”.
Several meetings between farmers and extensiomsts held. Many small but important
innovations were learned from farmers when extensiie spent time working and discussing
with them. After 3 years more than 200 units hagerbinstalled by the Thu Duc group and
the technology has been improving.

Although the biogas technology has been develogiegdily around Ho Chi Minh City, there
are still many questions from farmers, such as amsoof loading of on-land and floating
digesters, how to prolong plastic life under faronditions, how to use slurry for crops if the
fields are far from the digester, incorporatiorfisii ponds and other uses of the gas. The
other problems, such as investment problems of faworers, variable animal production and
plastic quality were also mentioned. Many aspeutsived in the technology should be
studied carefully under real farm conditions. Sustlale use of natural renewable resources
will be facilitated when the feed is grown, theraals are fed and the excreta are recycled on
the farm in ways that reduce the use of importedt® including energy (Preston 1995a).
This idea has been displayed in integrated farmaysiems in many developing countries in
South-east Asia. In this respect, Dolberg (1994ntpd out the need to develop the ability of
researchers to be sensitive to the farmer's pargpemd convert feedback from farmers into
hypotheses for research and new possible solutiamsh would then have to go through the
same iterative process of trial and error. On-faronk will accelerate the research process
and make it move faster than if the scientistsicerthemselves to the research station and
laboratory. In order to realize this process, tfidgssional agriculturists in developing



countries should be re-trained for sustainableited@griculture in their home countries
(Preston 1995b).

Allowing some time for the farmers to "digest” thiedigester technology is essential. It took
about 3 months from the time the first digester watalled as a demonstration to the
moment when the first digester was purchased layradr. It took an additional 6 months for
the first digester to be installed by a farmer bydelf (Bui Xuan An and Preston 1995). It is
essential to strengthen the relationship betwesndis and scientists in order to receive the
feedback. According to Dolberg (1995a), an impdrtamdition for success of that approach
is that the leading scientists take it seriously are prepared to spend time in the field with
farmers, showing how to deal with feedback fronmfars and to convert it into researchable
problems.

It should be noted that the technology of the piblylene tubular digesters is not fully
developed and the technology depends very muclatumal, as well as socioeconomic
conditions. Therefore, it is necessary to studyasm conditions in different areas to improve
the technology. An exchange of experiences betwestiutions should take place which
should improve results. Communication betweennbkgtutions and between technical
personnel is not sufficient. A network of all inations and people involved in the biogas
technology should be built over the country andreeas. Some recommendations for future
developments and research of biogas programs imafie based on foregoing criteria were
pointed out by Dolberg (1995b).

Conclusions and recommendations

The polyethylene tubular film biodigester technglagya cheap and simple way to produce
gas for small-scale farms in Vietnam. It is appegto rural people because of the low
investment, fast payback, simple technology, pasiffects on the environment and
womens' lives in rural areas. The farmers' padiogm is essential in technology feedback,
maintenance, repair and education of others farmdes extension of the technology requires
the farmers' motivation which can be ensured bgcslg full-time farmers with high fuel
demands for demonstrations, supporting credit syste poor farmers and strengthening
farmer-extension-scientist relations. In futuresei@ch should start by involving farmers,
creating feedback from the farmers and letting fbesiback serve as a foundation for the
formulation of research problems. One immediatdler to attend to is the use of the slurry.
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Abstract

In order to evaluate polyethylene tubular digester development in Vietnam, interviews were
carried out in ThuanAn district and at two extension centers. Data of design parameters, gas
production, economic aspects, farmers' participation, technical problems and methodologies
of biogas development were collected. The technology was appealing to the rural people
because of its low cost, fast payback, simplicity and positive effect on pollution. The findings
pointed to the importance of farmers' participation for technical feedback, plant maintenance,
plant repair and teaching of other farmers. The dissemination of the technology needs the
selection of real farmers with high fuel demands as demonstrators, the support of a credit
system for the poor farmers and strengthening farmer-extension-scientist relations. Follow-up
research should be focused on on-farm studies, particularly the use of the slurry.

Key words: Plastic tube biodigester, low cost, farmer impact, women, sustainable
development.
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Introduction

In recent years, the conversion of biomass to methane for use as an energy source has
excited interest throughout the world. Biogas digestion was introduced into developing
countries as a low-cost alternative source of energy to partially alleviate the problem of acute
energy shortage for households. However, few farmers used biogas in practice. The poor
acceptability of the digesters is believed to be due mainly to the high cost of the digesters,
difficulty in installing them and difficulty in getting spare parts. The biogas programs
developed quickly in some developing countries only under substantial support from
governments and aid agencies (Gunnerson 1986; Kristoferson and Bokalders 1991;
Marchaim 1992; Karki 1996). Besides, the replacement of worn-out parts posed another
technical problem, in addition to the fact that such spare parts were not always locally
available.

Many developing countries, such as Colombia, Ethiopia, Tanzania, Vietham, Cambodia,
Bangladesh promoted the low-cost biodigester technology aiming at reducing the production
cost by using local materials and simplifying its installation and operation (Solarte 1995;
Chapter 1986; Hieu et al 1994; Sarwatt 1995; Soeurn 1994; Khan 1996). To this end it was
decided to use a continuous-flow flexible tube biodigester based on the bag digester model
as described by Pound et al (1981) and later simplified by Preston and co-workers first in
Ethiopia (Preston T R, unpublished data), Colombia (Botero and Preston 1987) and later in
Vietnam (Bui Xuan An et al 1994). Within three years, more than 800 polythylene digesters
were installed in Vietham, mainly paid for by farmers (Bui Xuan An and Preston 1995).

The objectives of this study were to assess the effects of low-cost biodigesters in small farms
in Vietnam and to identify experiences, effects, constraints and problems associated with this
technology.

Materials and methods



Parameters of digesters
Data of design parameters and cost were collected from 194 biodigesters installed from April
1993 to December 1995 around Ho Chi Minh City.

Influence of biodigesters on the farmers' lives

Open-ended interviews (Casley and Kumar 1988) were carried out on 35 small farms having
biodigesters in the Thuan An district, 40 Km north of Ho Chi Minh City. In the selected area
there were both upland and lowland ecosystems with 1800 mm rainfall, an average
temperature of 27T with small difference between s easons, sugarcane and cassava as the
main crops and pigs as the most common animal (Thuan An peoples' committee report,
1994; unpublished). The questionnaire for farmers and their wives contained questions such
as:

e Use of the biodigesters: cooking parameters, economics of biogas use, use of
effluent for fertilizer and other uses.

e Farmers'participation: where did they get the information, payment of the digester,
conditions before and after biogas use, opinions and suggestions.

e Digester life: technical problems, when did problems occur, who fixed them, how was
it done, what materials were needed.

Input and output from digesters

e Manure inputs were weighed directly on most of the farms. In cases when weighing
was impossible, the amounts were estimated by comparing with other farms with
similar numbers and ages of animals. The amounts of water were weighed directly or
estimated from multiplying water speed and washing time.

e Gas production: by industrial gas-meter model k-875-1, Yazaki Keiki Co., Japan
connected to the gas outlet of digesters.

e pH: by digital pH-meter.

e Dry matter (DM) of the manure was measured by drying at 105 until constant
weight in a forced draught oven.

e COD: Chemical Oxygen Demand (the amount of oxygen consumed for the oxidation
of the reductive substances contained in a litre of liquid waste sample), using
standard methods (HMSO 1986).

The data and samples were taken for two consecutive days in the rainy season (from May to
October) from 31 biodigesters randomly selected around Ho Chi Minh City. The average
temperature in the area was 27.5T and temperature difference between day and night was
10<C.

Table 1: Mean values for some design parameters and cost of 194 digesters installed
around Ho Chi Minh City

Mean Range

Length (m) 10.2 4-30
Digester liquid volume (m?®) 5.1 2-15
Distance to kitchen (m) 23 8-71
Material cost (US$) 254 14-82
Days to first gas production 17 1-60
Digesters in rural areas(%) 91

Floating digesters (%) 5




Interviews on extension and demonstration farms

The topic-focused interviews (Casley and Kumar 1988) were carried out with two
extensionist groups, one at BaVi, Ha Tay province and the other at Thu Duc, Ho Chi Minh
City. The topics concerned selection and status of demonstration farms, list and rank of
problems in the biogas development. The data was then verified by farmer's interviews and
field observations.

Results and discussion

Design parameters and cost of digesters around Ho C  hi Minh City

The data are presented in Table 1. The average length of the digesters was 10.2 m with an
estimated digesta volume of approximately 5.1 m® (length x 0.5 m®). The material cost was
slightly more than US$25 for a family digester.

Table 2: Economics of biogas introduction in 31 small farms in Thuan An district, Vietham

Mean Range

Cooking time (hours) 44 19
Fuel saved in cooking 6.5 1.8-
(US$/month) 13.6
Digester cost (US$/unit) 34.8 18-53
Number of pigs/farm 10.7 0-40
Payback time (months) 54 2-19

In most developing countries, when the subsidies from governments are reduced, the
number of plants built each year falls dramatically (Ellis and Hanson 1989; Qiu et al 1990;
Desai 1992; Karki et al 1994). The most important problem in biogas programs in developing
countries has been the price of digester plants. For exemple: The price of a concrete digester
plant installed for an average family in Vietnam varied from 180 to 340 US$ (Thong 1989).
This size of investment is considered unaffordable by average farm families (Bui Xuan An et
al 1994). Chinese designers tried to reduce the cost of red-mud digester to 25-30 US$/m®
(Gunnerson and Stuckey 1986) but it was still high in comparison with the polyethylene
digesters (5 US$/m?®). This is obviously one important feature which makes the polyethylene
digesters attractive and no farmer in the present study complained about the price.

Among the polyethylene digesters installed, 5% of them were floated in ponds adding an
innovative feature to the development. According to Khoi et al (1989), in the Mekong Delta
where most land is low, the application of concrete digesters was very difficult especially
when the water level went up. The floating digesters solved this problem and as they also
required little space they very well suited for low-lying areas. More than 90% of the plants
were installed in the rural areas indicating the good impact of the technology in the rural
areas of Vietnam.

Influence of biogas on small farms in the ThuanAn d istrict

The effects of the introduction of digesters in small farms are presented in Tables 2—4.
According to the annual report of Thuan An people's committee (1994, unpublished), most of
the farms with biodigesters belonged to the medium income group (sufficient food all year
around). In this group animal production is a very important component in their farming
systems and a sufficient number of animals is important in the dissemination of biodigesters.
The expense for the digester plant was paid back within slightly more than 5 months, so most
of the farmers found a great benefit from installing digesters.



Table 3: Farmers' participation and opinions on plastic biodigesters in ThuanAn district,
Vietnam (h=number of farmers)

First information from: n

Neighbours or relatives 32
Mass media 3
Payment of the digester plants:

Farmers paid totally 33
Partially (demonstration) 2
Using slurry for:

Plants 3
Ponds 3
Nothing 31
Status of gas production:

Enough gas 26
Little gas 5
No gas

Advantages of biogas:

Saves money 34
Less pollution 35
Easy cooking 35

Among 35 farmers interviewed, four of them were poor (not enough food in certain months)
The most important thing for them is food and they could not afford a sufficient number of
animals for feeding manure to the digester. They wanted to borrow money to be able to raise
animals. Four farmers had no gas when the interview was carried out. Three of them did not
have animals because they found raising animals unprofitable if they had to borrow money
from local lenders at 5-10% monthly interest. This was an important aspect as especially
resource-poor farmers cannot support the digester installation and keep animals, although
they know the advantages of biogas.

Previously, animal manure was an environmental problem in villages in the district, mainly in
crowded and lowland areas where it caused pollution in the air, water and soil. After
installation of the digesters, all 35 families recognized better environmental conditions, less
smell, fewer flies and cleaner waste water. Summarizing details of experiments conducted
with pig slurries, Pain et al (1990) concluded that the digestion reduced odour emission by
between 70 and 74%. According to the women who were responsible for food preparation,
use of biogas meant that they could attend to other work, while cooking. This is in contrast to
the situation when using solid fuels such as fire wood requiring much closer supervision. The
women stressed that they could now cook in a clean environment free of smoke. Their pots
and pans were clean and they did not have to spend time on tedious cleaning. They stated
that they could cook all food items on gas.

Input and output of digesters working in small farm S

The average manure DM percentage was 25% and the loading rates ranged from 0.1 to 1.2
kg DM/m? digester liquid volume. Biodigestion decreased COD from 35,610 mg/litre in the
inlet to 13,470 mg/litre in the effluent indicating a process efficiency of 62% (COD removal
rate). The volume of gas per capita per day enough for cooking three meals was about 200



litres. The loading rates were low and gas production could be improved by increasing the
amount of manure fed to the digesters. Beside cooking meals, using gas, five farmers
cooked animal feeds, three made wines, one made cakes and two prepared tea and coffee
in their cafeterias. This demonstrates that there are several reasons for uptake, as discussed
by Dolberg (1993).

Table 4: Input and output of 31 digesters working on small farms around Ho Chi Minh City,
Vietnam

Mean Range

Size of family 5.9 3-12
Manure loading (kg/d) 16 2-27
Ratio water/manure 5.1 29-81
Loading rates (kgDM/m?) 0.7 01-12
Temperature of loading () 26.4 25.7-28.5
Temperature of effluent (C) 27 26.0-29.1
pH of loading 6.7 6.4-7.1
pH of effluent 7.2 6.8—-7.5
Gas production (litres/unit/day) 1,235 689 - 2,237
Gas/capita (litresl/person/day) 223 68 — 377
Methane (%)* 56 45 - 62
COD? of loading (mg/litre) 35.6 22.4-46.0
COD of effluent (mgllitre) 135 8.8-23.9
COD removal rate (%) 62 42 -79

 From 9 digesters

® COD = Chemical Oxygen Demand (the amount of oxygen consumed for the oxidation of the reductive substances contained in
a litre of liquid waste sample by a strong oxidizer)

Technical problems with the digesters

Main causes of damage to the digesters were the sun, falling objects, people and animals
(Table 5). In cases where the digesters had been totally exposed to the sun, the plastic film
was broken after 2 years. Seven digesters had films older than 2 years and four of them had
been changed by technicians or farmers. The material cost for changing was about 15 US$
and one work-day was needed. Most digesters installed during 1995 were protected by roofs
made from local materials, mainly palm leaves. Also, simple fences were made around the
digesters to prevent damage from animals or people.

Table 5: Technical problems with polyethylene tube digesters in ThuanAn district, Vietham

Damage by Location of damages

Digester Reservoir Other Total

Sun 4 4
Falling objects 2 1 3
People 2 1 3
Animal 1 2
Material qual. 1 1 2



Wind 2

Overloading 1

Total 11 5 1 17
Self-help® 6 5 1 12

¢ Farmers fixed digesters by themselves

Slightly more than 40% of the biodigester plants had problems especially with the plastic
tubes (Table 5). An interesting observation was that in 70% of the cases (12/17) the farmers
could correct the problems by themselves and only in 30% of the cases did they need help
from technicians. Repairs were mainly simple and farmers could teach each other. The first
farmers who had digesters installed more than 2 years ago needed help from technicians,
while farmers who had installed their digesters within the last year could resolve their
problems by themselves. They had received information, experience and guidance from their
neighbours. With increasing age of the plants more problems would be expected.
Nevertheless, as more plants are installed in a village there will be more experienced farmers
to do repairs and the help required of technicians would therefore be less. Also if there are
good written instructions summarizing experiences from users, demand for the technical
personnel will be less.

This result shows that technical problems with the polyethylene digesters were resolved
more easily than with other materials, such as concrete, steel and red mud. In many
developing countries, the biogas programs have failed because of inefficient maintenance
due to lack of technical personnel (Kristoferson and Bokhalders 1991). When the farmers do
not take care of the digesters, only a small problem can cause gas production to cease
making the farmers disappointed. The participation of the farmers has played an essential
role in the dissemination of the technology. Some digesters which were not studied were
installed by farmers themselves in the district.

Table 6: Comparison of demonstration farms and digesters installed at two extensionist
groups in Vietnam

Item BaVi ThuDuc
Demonstration farms:

Total participants 7 8

Main income

from agriculture 1 6

Governt employees

Enough fire wood 3 0
Enough wood &

lack of manure 1 0
Demonstration digesters:

Working after 2 years

Enough gas produced 0 6

Problems in the extension of biogas technology

There are some constraints and problems in the dissemination of biogas technology in
developing countries. The question is how to solve them and what priorities to make. Some
of the biggest problems in the Bavi and Thu Duc areas are pointed out in Table 6 in order of
priority. In Bavi, the most important problem was unsuitable selection of demonstration farms



(where main income was not from farming activities) which resulted in low feedback from
farmers on the technologies of installing, maintaining and repairing the digesters (Table 7).

Table 7: Problems in plastic tube biodigester development in order of priority according to
the extensionists in two extension centres in Vietnam

Priority |Bavi Thu Duc
1 Extension Investment of
methodology farmers
Installation . .
2 technology Plastic quality
3 Unstable animal Unstable animal
production production
4 Investment of Technical
poor farmers maintenance
. . ... |Efficiency of gas
5 Plastic availability production & use
6 Plastic quality

The selection of demonstration farms will promote the degree of farmer participation in
digester introduction and provide technical feedback. In the first year, the Thu Duc group
installed 60 digesters with the orientation of “farmers pay” in order to strengthen their
motivation. Full-time farmers (most activities are on-farm) with high demands for fuel were
selected as demonstrators. They paid more time to their farming activities and were more
motivated to look after the digesters carefully, and considered the digesters as “animals”.
Several meetings between farmers and extensionists were held. Many small but important
innovations were learned from farmers when extensionists spent time working and
discussing with them. After 3 years more than 200 units have been installed by the Thu Duc
group and the technology has been improving.

Although the biogas technology has been developing steadily around Ho Chi Minh City, there
are still many questions from farmers, such as amounts of loading of on-land and floating
digesters, how to prolong plastic life under farm conditions, how to use slurry for crops if the
fields are far from the digester, incorporation of fish ponds and other uses of the gas. The
other problems, such as investment problems of poor farmers, variable animal production
and plastic quality were also mentioned. Many aspects involved in the technology should be
studied carefully under real farm conditions. Sustainable use of natural renewable resources
will be facilitated when the feed is grown, the animals are fed and the excreta are recycled on
the farm in ways that reduce the use of imported inputs including energy (Preston 1995a).
This idea has been displayed in integrated farming systems in many developing countries in
South-east Asia. In this respect, Dolberg (1994) pointed out the need to develop the ability of
researchers to be sensitive to the farmer's perspective and convert feedback from farmers
into hypotheses for research and new possible solutions, which would then have to go
through the same interative process of trial and error. On-farm work will accelerate the
research process and make it move faster than if the scientists confine themselves to the
research station and laboratory. In order to realize this process, the professional
agriculturists in developing countries should be re-trained for sustainable tropical agriculture
in their home countries (Preston 1995b).

Allowing some time for the farmers to “digest” the biodigester technology is essential. It took
about 3 months from the time the first digester was installed as a demonstration to the
moment when the first digester was purchased by a farmer. It took an additional 6 months for



the first digester to be installed by a farmer by himself (Bui Xuan An and Preston 1995). It is
essential to strengthen the relationship between farmers and scientists in order to receive the
feedback. According to Dolberg (1995a), an important condition for success of that approach
is that the leading scientists take it seriously and are prepared to spend time in the field with
farmers, showing how to deal with feedback from farmers and to convert it into researchable
problems.

It should be noted that the technology of the polyethylene tubular digesters is not fully
developed and the technology depends very much on natural, as well as socioeconomic
conditions. Therefore, it is hecessary to study on-farm conditions in different areas to
improve the technology. An exchange of experiences between institutions should take place
which should improve results. Communication between the institutions and between
technical personnel is not sufficient. A network of all institutions and people involved in the
biogas technology should be built over the country and overseas. Some recommendations
for future developments and research of biogas programs in Vietnam based on foregoing
criteria were pointed out by Dolberg (1995b).

Conclusions and recommendations

The polyethylene tubular film biodigester technology is a cheap and simple way to produce
gas for small-scale farms in Vietnam. It is appealing to rural people because of the low
investment, fast payback, simple technology, positive effects on the environment and
womens' lives in rural areas. The farmers' participation is essential in technology feedback,
maintenance, repair and education of others farmers. The extension of the technology
requires the farmers' motivation which can be ensured by selecting full-time farmers with high
fuel demands for demonstrations, supporting credit systems to poor farmers and
strengthening farmer-extension-scientist relations. In future, research should start by
involving farmers, creating feedback from the farmers and letting this feedback serve as a
foundation for the formulation of research problems. One immediate problem to attend to is
the use of the slurry.
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