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Abstract

In order to evaluate polyethylene tubular digedmrelopment in Vietnam, interviews were carried iaut
ThuanAn district and at two extension centres. [Rdidesign parameters, gas production, economic
aspects, farmers' participation, technical problant methodologies of biogas development were
collected. The technology was appealing to thel peaple because of its low cost, fast payback,
simplicity and positive effect on pollution. Thadings pointed to the importance of farmers' pgeiion
for technical feedback, plant maintenance, plapaireand teaching of other farmers. The dissenainatf
the technology needs the selection of real farm@tshigh fuel demands as demonstrators, the sugor
a credit system for the poor farmers and strengiggarmer-extension-scientist relations. Follow-up
research should be focused on on-farm studiescplarty the use of the effluent (slurry).
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Introduction

In recent years, the conversion of biomass to metlf@a use as an energy source has excited interest
throughout the world. Biogas digestion was intragtlmto developing countries as a low-cost altévraat
source of energy to partially alleviate the probEnacute energy shortage for households. Howdaer,
farmers used biogas in practice. The poor accdpyaifithe digesters is believed to be due maialyhe
high cost of the digesters, difficulty in instagithem and difficulty in getting spare parts. Theghs
programs developed quickly in some developing atesbnly under substantial support from
governments and aid agencies (Gunnerson 1986pKiisbn and Bokalders 1991; Marchaim 1992; Karki
1996) . Besides, the replacement of worn-out gaosed another technical problem, in addition toféleée
that such spare parts were not always locally @il

Many developing countries, such as Colombia, Ethjopanzania, Vietham, Cambodia, Bangladesh
promoted the low-cost biodigester technology aingihgeducing the production cost by using local
materials and simplifying its installation and cguéyn (Solarte 1995; Chater 1986; Hieu et al 1994;
Sarwatt 1995; Soeurn 1994; Khan 1996). To thisitewds decided to use a continuous-flow flexibleetu
biodigester based on the bag digester model asilokddy Pound et al (1981) and later simplified by
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Preston and co-workers first in Ethiopia (PrestdR, Tinpublished data), Colombia (Botero and Preston
1987) and later in Vietnam (Bui Xuan An et al 1994p to now (May 1997), more than 4,000
polyethylene digesters were installed in Vietnarainhg paid for by farmers (Nguyen Khang, personal
communication).

The objectives of this study were to assess tleetsfiof low-cost biodigesters in small farms intki@an
and to identify experiences, effects, constraints @roblems associated with this technology.

Materials and methods
Parameters of digesters

Data of design parameters and cost were collecbtaa 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 north of Ho Chi Mi€ity. In the selected area there were both updanad

lowland ecosystems with 1800 mm rainfall, an aver@gnperature of 2 with small difference between
seasons, sugarcane and cassava as the main cdgpgsas the most common animal (Thuan An People's
Committee report, 1994; unpublished).

The questionnaire for farmers and their wives aoathquestions such as:

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

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

e Digester life: technical problems, when did proldemecur, 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 comparing with ddvens with similar numbers and ages of
animals. The amounts of water were weighed direstlgstimated from multiplying water speed and
washing time.

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.

e Dry matter (DM) of the manure was measured by drgin105C 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 litre of liquate sample), using standard methods
(HMS01986).
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Tahle 1: Mean values for some design parameters
atid cost of 194 digesters installed around Ho Cld
Minh City

Mean FRange
Length () 102 4-30
Diigester liguid volume (m3) 31 2-15
Distance to kitchen(m) 23 271

Ilaterial cost (U3 TS
Draya to first gas production 17 1-40
Digesters in rural areas(%) o1

Floating digesters (%) 3

The data and samples were taken for two conseatdiy® in the rainy season (from May to Octobemnfro
31 biodigesters randomly selected around Ho ChhMlity. The average temperature in the area was

27.5°C and temperature difference between day and night16C.

Interviews on extension and demonstration farms

The topic-focused interviews (Casley and Kumar }8&e carried out with two extensionist groupsg on
at BaVi, HaTay province and the other at Thu Dug,&hi Minh City. The topics concerned selection and
status of demonstration farms, list and rank obfams in the biogas development. The data were then
verified by farmer's interviews and field obsergas.

Results and discussion

Design parameters and cost of digesters around HohCMinh City

The data are presented in Table 1. The averagthlefghe digesters was 10.2 m with an estimated

digesta volume of approximately S.f’l(rlength x 0.5 rﬁ). The material cost was slightly more than
US$25 for a family digester.

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

Mean Fange
Cookitiz time (houes) 4.4 1.9
Fuel savedin
cooking (TS5 month) b5 1.8-138
Digester cost (U3 unit) 348 18.53
Humber of pigsfarm 10,7 0-40
Payback time (months) 34 2-19

In most developing countries, when the subsid@s fgovernments are reduced, the number of plaiits bu
each year falls dramatically (Ellis and Hanson 1988 et al 1990; Desai 1992; Karki et al 1994)eTh
most important problem in biogas programs in deyialp countries has been the price of digester glant
For exemple: the price of a concrete digester ptesthlled for an average family in Vietham varfemsin

180 to 340 US$ (Thong 1989). This size of investnienonsidered unaffordable by average farm famili
(Bui Xuan An et al 1994). Chinese designers tre@edetuce the cost of red-mud digesters to 25-30

US$/n‘? (Gunnerson and Stuckey 1986) but it was still Imgtomparison with the polyethylene digesters

(5 US$/n§). This is obviously one important feature whichkemthe polyethylene digesters attractive and
no farmer in the present study complained abouptioe.

Among the polyethylene digesters installed, 5%hefit were floated in ponds adding an innovativeufeat
to the development. According to Khoi et al (1988)he Mekong Delta where most land is low, the
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application of concrete digesters was very diffi@gpecially when the water level went up. Thetitap
digesters solved this problem and as they alsarexfjlittle space they very well suited for lowrygi areas.
More than 90% of the plants were installed in tl@lrareas indicating the good impact of the tetdmo
in the rural areas of Vietnam.

Influence of biogas on small farms in the ThuanAn dbtrict

Tahle 3: Farmers’ participation and opinions o
plastic biodigesters in Thuandn district, Viettam
(=nuber of farmers)

First information firom: n
Heighbours or relatives 34
Ilass media 3

Payment of the dizester planis:
Farmets paid totally 33
FPartially (demonstration) 2

Uzing slurry for:

FPlants 3
Fonds 3
Hothing 3

Atatus of gas production:

Enough zas 26
Little zas 3
Mo gas 4

Advantages of hiog as:

Saves money 34
Lessz pollution 33
Easy cooking 35

The effects of the introduction of digesters in bfaams are presented in Tables 2-4. Accordinth®
annual report of Thuan An people's committee (18&published), most of the farms with biodigesters
belonged to the medium income group (sufficiendfad) year around). In this group animal produci®n
a very important component in their farming systemd a sufficient number of animals is importarthia
dissemination of biodigesters. The expense fodifpester plant was paid back within slightly manart 5
months, so most of the farmers found a great lenesn installing digesters.

Among 35 farmers interviewed, four of them were p@mt enough food in certain months) The most
important thing for them is food and they could afiord a sufficient number of animals for feeding
manure to the digester. They wanted to borrow moodye able to raise animals. Four farmers hadaso g
when the interview was carried out. Three of theamat have animals because they found raisingagim
unprofitable if they had to borrow money from lotaiders at 5-10% monthly interest. This was an
important aspect as especially resource-poor fargamnot support the digester installation and keep
animals, although they know the advantages of Bioga

Previously, animal manure was an environmentallpmolin villages in the district, mainly in crowdadd
lowland areas where it caused pollution in thevaater and soil. After installation of the digesteall 35
families recognized better environmental conditjdess smell, fewer flies and cleaner waste water.
Summarizing details of experiments conducted wighsjurries, Pain et al (1990) concluded that the
digestion reduced odour emission by between 70rdf6l According to the women who were responsible
for food preparation, use of biogas meant that tdoeyd attend to other work, while cooking. Thignis
contrast to the situation when using solid fuetshsas fire wood requiring much closer supervisitme
women stressed that they could now cook in a @eamonment free of smoke. Their pots and pans were
clean and they did not have to spend time on tediteaning. They stated that they could cook alkifo
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items on gas.

Input and output of digesters working in small farms

Tahle 4: Input and output of 31 digesters working on
siall farms around Ho Chd Minh City, Vietnam

Mean FEange
Size of family 549 3-12
Manure loading (kg/d la 2-27
Ratio watet/manure 31 28- &8l
Loading rates (kgD W /im™) 073 0l-1.2

Temperature of loading (°C) 264 IETFCARS
Temperature of effluent (°C) 1 2a0-201
tH of loading 6.7 6.4-71
pH of effluent 12 6.2-735
Gas production (litresfunit/dayy 1,235 6802237
Grazfcapita (litresl/persondday) 223 65 - 377

Llethane (%)° 56 45 - A2
COD® of loading (mglitre) 356 224.4610
COD of effluent (meflitee) 135 BE-239
COD retmoval rate (%) G2 4279

“From D digesters

¢ C0OD=Chemical Oxyzen Demand (the amount of
oxygen consumed for the oxidation of the reductive
substances contained in a litve of liguid waste saraple by
a strong oxidizer)

The average manure DM percentage was 25% andatmdprates ranged from 0.1 to 1.2 kg DM/m
digester liquid volume. Biodigestion decreased (tan 35,610 mg/litre in the inlet to 13,470 mg#éitn

the effluent indicating a process efficiency of 622D removal rate). The volume of gas per capata p
day enough for cooking three meals was about 2@3.iThe loading rates were low and gas production
could be improved by increasing the amount of mared to the digesters. Beside cooking meals, using
gas, five farmers cooked animal feeds, three madeswone made cakes and two prepared tea ane coffe
in their cafeterias. This demonstrates that thezesaveral reasons for uptake, as discussed beiplb
(1993).

Technical problems with the digesters

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

Slightly more than 40% of the biodigester plantd peoblems especially with the plastic tubes (T&ble
An interesting observation was that in 70% of thses (12/17) the farmers could correct the problgms
themselves and only in 30% of the cases did theg help from technicians. Repairs were mainly smpl
and farmers could teach each other. The first fesmdo had digesters installed more than 2 years ag
needed help from technicians, while farmers whoihsiglled their digesters within the last yearldou
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resolve their problems by themselves. They hadwedenformation, experience and guidance fromrthei
neighbours. With increasing age of the plants nppoblems would be expected. Nevertheless, as more
plants are installed in a village there will be mexperienced farmers to do repairs and the hglpres of
technicians would therefore be less. Also if tham@ good written instructions summarizing expemsnc
from users, demand for the technical personnebegiless.

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

Digester Feservoit Other  Total

Al 4 4
Falling objects 2 1 3
Feople 2 1 3
Animal 1 1 2
Il aterial qual 1 1 2
Wind 2 P
Owetloading 1 1
Total 11 5 1 17
Selfhelp® & 5 1 12

“Farmers fixed digesters by themselves

This result shows that technical problems withgblyethylene digesters were resolved more easly th
with other materials, such as concrete, steel addnud. In many developing countries, the biogas
programs have failed because of inefficient magwee due to lack of technical personnel (Kristafers
and Bokhalders 1991). When the farmers do not ¢ake of the digesters, only a small problem caseau
gas production to cease making the farmers disafgabiThe participation of the farmers has played a
essential role in the dissemination of the techyyl®&ome digesters which were not studied weralladt
by farmers themselves in the district.

Tahle 6: Comparison of demonstration
farms and digesters itstalled at two
extensionist groups in Vietnam

Ttem Ba¥i  ThuDue
Demonsiration farms:

Total patticipants 7 2
Liainincome

from agriculture 1 ]
Governt employees £ 1]
Enough fite wood 3 a
Enough wood &

lack of matiure 1 ]
Demonstration digesters:
Working after 3 years 2 ]
Enough zas produced 0 f

Problems in the extension of biogas technology

There are some constraints and problems in therdisation of biogas technology in developing
countries. The question is how to solve them andtyghorities to make. Some of the biggest problems
the Bavi and Thu Duc areas are pointed out in Téliteorder of priority. In Bavi, the most importan
problem was unsuitable selection of demonstrasoms$ (where main income was not from farming
activities) which resulted in low feedback fromrfears on the technologies of installing, maintairamgl
repairing the digesters (Table 7).
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Tahle 7: Problems in plastic tube biodigester
development it order of priority according to the
extensionists in two extension centres in Vietnam

Priotity | Bavi 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 tlegree of farmer participation in digester
introduction and provide technical feedback. Infitst year, the Thu Duc group installed 60 digeste
with the orientation of "farmers pay" in order toesmigthen their motivation. Full-time farmers (most
activities are on-farm) with high demands for fuelre selected as demonstrators. They paid moredime
their farming activities and were more motivatedotok after the digesters carefully, and considehed
digesters as "animals". Several meetings betwearefa and extensionists were held. Many small but
important innovations were learned from farmersmbtensionists spent time working and discussing
with them. After 3 years more than 200 units haaerbinstalled by the Thu Duc group and the teclgyolo
has been improving.

Although the biogas technology has been develogtingdily around Ho Chi Minh City, there are still
many questions from farmers, such as amounts dirgaf on-land and floating digesters, how to pngj
plastic life under farm conditions, how to use stdor crops if the fields are far from the digeste
incorporation of fish ponds and other uses of @é® dhe other problems, such as investment proliéms
poor farmers, variable animal production and plagtiality were also mentioned. Many aspects inwblae
the technology should be studied carefully undal fe’m conditions. Sustainable use of naturalwexe
resources will be facilitated when the feed is gnpthie animals are fed and the excreta are recycig¢te
farm in ways that reduce the use of imported inpndisiding energy (Preston 1995a). This idea has be
displayed in integrated farming systems in manyeliging countries in South-east Asia. In this respe
Dolberg (1994) pointed out the need to developathigy of researchers to be sensitive to the faisne
perspective and convert feedback from farmershygfmtheses for research and new possible solutions,
which would then have to go through the same mergdrocess of trial and error. On-farm work will
accelerate the research process and make it mstee than if the scientists confine themselve$éo t
research station and laboratory. In order to reahis process, the professional agriculturists in
developing countries should be re-trained for snagbde tropical agriculture in their home countries
(Preston 1995b).

Allowing some time for the farmers to "digest” thiedigester technology is essential. It took al®ut
months from the time the first digester was insthlhs a demonstration to the moment when the first
digester was purchased by a farmer. It took artiaddl 6 months for the first digester to be irlsthby a
farmer by himself (Bui Xuan An and Preston 1996)s kessential to strengthen the relationship betwe
farmers and scientists in order to receive theldaekl According to Dolberg (1995a), an important
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condition for success of that approach is thalghding scientists take it seriously and are pregbéo
spend time in the field with farmers, showing haadeal with feedback from farmers and to converita
researchable problems.

It should be noted that the technology of the pgblyjlene tubular digesters is not fully developed #re
technology depends very much on natural, as walba®economic conditions. Therefore, it is neagssa
to study on-farm conditions in different areasrmpiiove the technology. An exchange of experiences
between institutions should take place which shaufatove results. Communication between the
institutions and between technical personnel issnfficient. A network of all institutions and pdep
involved in the biogas technology should be builerothe country and overseas. Some recommendations
for future developments and research of biogasrprog in Vietham based on foregoing criteria were
pointed out by Dolberg (1995b).

Conclusions and recommendations

The polyethylene tubular film biodigester techngiagya cheap and simple way to produce gas for
small-scale farms in Vietnam. It is appealing toafypeople because of the low investment, fast gakb
simple technology, positive effects on the envirentrand womens' lives in rural areas. The farmers'
participation is essential in technology feedbaw&intenance, repair and education of others farrides
extension of the technology requires the farmeosgivation which can be ensured by selecting futieti
farmers with high fuel demands for demonstratiengporting credit systems to poor farmers and
strengthening farmer-extension-scientist relatibm$uture, research should start by involving fare;
creating feedback from the farmers and letting feeslback serve as a foundation for the formuladion
research problems. One immediate problem to aterslthe use of the slurry.
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