
--ricy for International Develop,,,O,, 
"ary 

Thnm 105 SA-18 

MA{CII 1982 IIOGAS IN DEVELOPI N COUNTRIES 

BIOENERGY SYSTEMS biogas in Ecuador, helped develop renewable 
AND TECHtNOLO(GY PROJEcT energy research institutions in Morocco and 

Indonesia, evalunted the economies of 
The U. S. Agency for International Devel- firewood projects in Niger rnd Sri Lanka, 

opment established an Office of Enlergy in designed a manlagement progra II for use of 
1979 to stimulate and support the develop- forest resources for energy production in 
mert of proinising approaches to energy Panama and the I)oninican Republic, 
problems common to amost developing coni- planned . research program or energy fromn 
tries. The Office provides technical and coffee hulls in (Central America, and studied 
professional leadership in Al]) energy pro- the feasibility of tile use of rice hiusks for 
grailrs and teerlnieal support to field power genera tion at a rice mill in(;uyana. 
missions and regional bureaus. The hio
energy activities of the Office are The Project spoinsors wort:bops to provide 
conducted through the lioenergy Systems developin, country energy planners the 
and Technology (BST) Project. Project staff opportunity to see and discuss operational 
include Paul Weatlerly, tMe All project bioenery q:,ters. In March 1982 twenty 
nanager, and a fuir-time four ii an team energv officials will attend a workshop in 
contracted from the U. S. Department of Brazil Ito study tile Acesita/Florestal 
Agriculture. These four are (us halilgren, integrated charcoal production system. 
team leader, and Pieter Iloekstra fron the 
Forest Service, and George Beinhlart and The Project has co rn issioned tle writing 
Ijell Christopherson fromr tWe Agricultural of a "lioenergy ('onversion IHandbook for 
Research Service. All correspondence Developing Countries" which contains basic 
concerning BST Project activities should be information on conversion processes. This 
addressed to: handbock is backed up by a series of com

preliensive reports which provide detailed 
S&T/Offiee of 'nergy information oni tile state-of-the-art of each 
Room 509, SA-18, AI) of the major biomass conversion systems. 
\VaslingLon, I.C. 20523 Copies of these "state-of-t he-art reports" 
Telephone: (703) 235-2243 can be requested by USAII) missions for the 

use of host country planrers or others. 
The B'T lrojeet I elps USA II.) field 

missions and host country energy officials to The IS' Project is sponsoringi the 
identify and plari hiienergy projects. In publicatici of a series of' "Rioenergy 
response to a reluest 'loinu a USAI) mission, Systems Beports" beginnirig with this 
a iremtber of tIe projc t staff any be sent report. These Reports are designed to con
to conduct an initial reconnaissance or nilke tribute to (a) ttie wider international 
a prefevsibility study. '\here npprcpriate, exchange of e'perienec aimong persons 
the project iway (ontract for a detiled, involved witltIe Ise of biomass for enery' 
site-specific feasibility study to be preCpared production indeveloping countries arid (h) an 
by a consulting fir expanded low of' infornatinn on hioenergiy 

activities in the t.S. and other developed 
Staff or c'ontract eonsultnits have asses- couintr'ies wlhich hayIe'elevant to tine rise 

sed bion 'ass resources for energy production of' biom.nss for inergiy in developing 
in Tunisia, eva!luated tie potential role of' countries. 

ih' rcprt\ in tiw, 'ric ire tinpilil ijd writtt! by Dean H. MahW . - ,r r)x 5Q1, Frontrilt,.il,.d 
Royal, VirginiainA 22er , telephone (700 030-212, F the U.,. l)(.r, l n 'mrof A' ri't' fund('(]under a ac wi 1Hur'. 
timrigh th ti,, Incrg,i, and Itchnsog" ktjIct of the U.t ' gcncy for clatwi, 1.11 Ivvcio1) n . Copies are
distributed pinnartiv thratgh USAID misiOns in dew"lQting cout ic,, 



BIOGAS IN DEVELOPING COUNTRIES: 
AN OVERVIEW 

This Bioenergy Systems Report, the first 
of four Reports to be published in 1982, will 
focus on the production of biogas by the 
anaerobic digestion of animal and human 
wastes and plant residues, 

A gas consisting mainly of about 60% 
methane and 40% carbon dioxide can be 
produced from such residues by microbial 
action in the absence of oxygen. This biogas 
can be used for cooking, heating, lighting, 
and the operation of gasoline and diesel 
engines. The residual slurry and sludge are 
excellent fertilizers. Biogas plants have 
other important health, environmental, 
social, and macroeconomic benefits. During
the 1970's biogas plants have been built in at 
least 46 developing countries, although 
many of these have been only experimental 
or demonstration units. 

In China, biogas plants offered a more 
hygienic way to continue to use human 
wastes as fertilizer and a means of 
producing energy from these wastes and the 
dung from a greatly expanded swine 
production. During the 1970's seven million 
digesters were built to supply biogas to 
thirty million members of rural communes 
in China. Five million of these digesters are 
in Szechuan, an agriculturally productive 
province on the western edge of China's 
agricultural zone. Most of the Chinese 
digesters are family-scale plants. Manures 
from communal piggeries and state farms 
are also used in nunIerous large-scale plants;
the gas from these is typically used to 
provide mechanical or electrical power. 

In India, cow dung has traditionally been
dried and used for cooking in rural areas. A 
biogas plant permits the Indian farmer to 
use the dung for both fuel and fertilizer. 
Biogas research and development has been 
under way in India for several decades, and 
87,000 plants had been built by 1981. All 
but a few of these have been individ-
ually-owned, family scale plants using cow 
dung. However, the Indian government is 
now giving greater priority to the 
development of community-scale plants
designed to spread the benefits of biogas. 

Nearly 30,000 family-scale digesters have 
been built in Korea, although the 
government's biogas program now stresses 
larger-scale plants. Taiwan has over 9,000
digesters, including 1,000 plastic bag 
types. There are about 750 plants in Nepal.
Extensive biogas research and 
demonstration projects have been carried 
out in the Philippines, Indonesia, and 
Thailand. In the Philippines, Maya Farms 
produces over 3,000my of biogas daily
from the manure of more than 25,000 pigs.
There is also substantial biogas activity in 
Pakistan, Bangladesh, and Sri Lanka. 

Eighteen African countries have one or 
more institutions engaged in biogas
experiments or demonstrations. In the Near 
East, biogas projects are being conducted in 
Egypt, Israel, and Turkey. In the Western 
Hemisphere, biogas activities are being
carried out in Brazil, Guatemala, Costa 
Rica, El Salvador, Honduras, Nicaraugua, 
Panama, Jamaica, Ecuador, Colombia,
Bolivia, Peru, and Chile. 

At present the U.S. Agency for 
International Development is supporting
biogas projects, usually within broader 
renewable energy programs, in Panama,
Honduras, Guatemala, Ecuador, Egypt, 
Morocco, Tanzania, Mali, Rwanda, Lesotho, 
Cape Verde, Nepal, Indonesia and Thailand. 
U.S. Peace Corps volunteers are 
participating in biogas projects in the 
Philippines, Ecuador, and Botswana. 

ABOUT THIS REPORT 

This Report has been compiled primarily 
from research and project reports received 
from organizations in developing countries. 
Highlights of research and project results 
have been provided as feasible. However, 
the editor' and sponsoring agencies can 
accept no responsibility for the accuracy of 
specific technical data. Readers are refer
red to the original sources for more detailed 
information. (See "Referral Service", p. 22) 
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PART ONE: 
DIGESTER DESIGNS AND OPERATIONS 

1. "Indian" Digesters 

The Conventional Models in India 

The great majority of the biogas plants 
built in India have been sirrilar to the basic 
design shown in the adjacent drawing. The 
digester consists of a deep circular pit or 
well built of brick, mortar, and plaster. The 
input slurry is mixed in a small masonry 
tank on the surface and is fed through a pipe 
to a point near the bottom of the digester. 
The larger 6 3 models (shown here) are 
divided into two chambers by a brick wall; 
the slurry flows up over the wall and down 
to the outlet pipe near the bottom of the 
second chamber. Smaller 310.3 models 
have no dividing wall and the slurry rises to 
an outlet pipe near the top of the digester. 

The gasholder is made of steel and 
resembles a bell or drum. In early Indian 
models it was suspended on counter-
weighted pulleys hanging from several poles
around the digester, but these led to tilting 

'and the loss of gas pressure. Most Indian 
plants now have two central guide pipes. 
The inner pipe is connected to E steel frame 
imbedded in the wall of the digester. The 
outer pipe is part of the structure of the 
gasholder, which is free to rise or fall 
depending on the producton and use of gas. 

There are two main advantages to this 
type of digester, hereafter referred to as 
the "Indian" digester: (a) The weight of the 
steel gasholder provides a constant level of 
gas pressure, which is usually equivalent to 
about a 10 cm column of water. (b) Because 
it normally used only cow or pig manure 
diluted to less than 10% total solids, siudge 
formation is slow and frequent cleaning is 
not necessary. 

However. there are a number of 
disadvantages to the Indian design: (a) The 
steel gasholder is expensive. In India in 
1980 a 3m 3 brick masonry digestor with 
steel gasholder cost Rs. 3400 (US$400), 
while on equal-sized "Chinese" plant cost 
only Rs. 2264 (US$266). (b) There have been 

serious corrosion problems with the steel 
gasholders. (c) The uninsulated steel 
gasholder is a good heat conducter and is 
thus not well suited for use in cold weather. 
(d) The plant has very little capacity for 
digesting fibrous plant materials. Each of 
these problems will be explored in a 
subsequent section of this Report. 

Shallower and Wider Digesters 

Conventional Indian digesters have been 
narrow and deep. The 3 m 3 plants are 5 m 
deep and 1.6 m wide, while the 6 m3 

plants are 4.4 m deep and 2.2 m wide. The 
narrowness apparently resulted from an 
effort to minimize the cost Df the steel 
gasholder; the depth was due to retention 
times of 50 to 55 days which are con
siderably longer than in most other designs. 

During the past year or two several 
factors have resulted in a decision by the 
primary Indian biogas agency, the Khadi and 
Village Industries Commission (I(VIC), to 
move to shallower and wider digesters. The 
Indian Institute of Science (IIS) conducted 
studies of the optimization of dimensions of 
biogas plants and tested several plants with 
shallower and wider dimensions. lIS 
concluded that the total cost of these new 
plants was 25 to 40% less than the 
conventional models and that their 
performance was slightly better than 
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that of the standard plants of comparable 
size. A committee established by tile 
Department of' Science and Technology to 
evaluate designs of biogas plants concluded 
that the r(.entio2 times being used in India 
wetLe longer than necessary. If the retention 
times were to be reduced, digesters could be 
smaller (i.e., shallower) and considerably 
cheaper. 

By the fall of 198 1 field tests had 
convinced KVIC tia' the retention times 
could be reduced to 30 days in southern 
India and to 4L days in northern areas. 
Plans for shallower and wider (and less 
expensive) digesters are now being 
prepared. (Details of the specifications of 
these new biogas plants will be provided in a 
.ubsequent Bioenergy Systems Report.) 

"Water Jacket" Designs 

Recently KVIC recommended the wider 
use of "water jacket" plants as a means of 
reducing corrosion in steel gasholders. In 
the standard Indian models the gasholder 
floats directly in the cow dung slurry. In 
the "water" jacket design, ile upper part of 
the digester wall is surrounded by an 
additional wal and the two walls are sealed 
together at the bottom. The gasholder 
floats in wate,, poured in the circular cavity 
between the two walls. 

These models have several advantages: 
(a) A steel gasholder f!oating in water is less 
prone to corrosion than one floating directly 
in the slurry, especially if the slurry 
contains human wastes. Thinner steel can 
be used, and the saving in steel costs offsets 
the somewhat higher construction costs due 
to the additional outer wall. (b) Since the 
slurry has no direct contact with tile air 
outside the digester, heat loss in cold 
weather is reduced. (c) Excessive dilution 
of the slurry by rainwater seepage during 
the rainy season is eliminated. (d) The 
completely sealed plant is iliore sanitary and 
odor free than the conventional Indian 
plant.. One disadvantage of the water 
jacket design is that it eliminates the use of 
rotations of the gasholder to break scum on 
the digester surface; however, it is possible 
to attach stirring rods which extend down 
into the slurry. 

New Materials and Designs for Gasholders 

Cost and corrosion problems with steel 
gasholders have led to experiments with 
other materials for gasholders in India and 
elsewhere. 

Plastic gasholders have -een used in 
Korea, india and Brazil. The standard 
Korean family digester of the middle 1970's 
has a gasholder of rigid polyvinylehloride 
(PVC), but these did not prove entirely 
satisfactory due to deterioration in sunlight 
and rising costs of PVC. l'igh-density 
plastic gasholders arc now manufactured by 
lieliplastics of Bombay in cooperation with 

KVIC. They are described as corrosion and 
leak proof, light weight, transportable over 
long distances, and easy to handle without 
cracking or breaking. A water chamber on 
the top of the gasholder provides additional 
weight and gas pressure; it can also be used 
as a solar heater for slurry water. 

The cost of manufacturing these 
gasholders is about the same as the steel 
gasholders. KVIC hopes that the higher 
total costs can be reduced by manu
facturing the gasholders in a number of 
decentralized locations. Gas production of' 
plants with the new high-density poly
ethylene gasholders was about the same as 
conventional plants at two of KVIC's 
regional centers but was from 17 to 38,6
lower at three other centers. 

Ferrocement gasholders have been devel
oped by the Stru(tural Engineering Research 
Center at Roorkee, India. The side er wall 
unit is east on a wooden mold lined with 
galvanized metal. Mortar is applied over 
three layers of galvanized wire; a steel ring 
adds strength to the bottom cdge. The 
domed roof is east separately on a masonry 
or wooden mold. 

Advantages of ferrocement gasholders 
cited by the Roorkee Center including lower 
cost of manufacturle than steel gasholders of 
equal capacity, relative ease of fabrication 
using a combination of skilled and unskilled 
labor, low thermal conductivity and hence a 
fairly uniform rate of gas prcduction in all 
seasons, high resistance to corrosion, 
minimal need for' maintenance, high impact 
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strength, and ability to withtand rigours of 
transport and handling, 

In comparative tests with other 
gasholders at the KVIC regional center at 
Gandhigram, a plant with a ferrocement 
d:gester arid gasholder and a water jacket 
deign has the highest average gas 
production per unit of volume of digester. 
De;pite some leakage arid transport 
problems with these gasholders, KVIC is 
considering a plan to manufacture small 
ferrocement gasholders at 200 locations in 
India. 

Thin concrete gasholders for "Indian" 
plants are being tested at the Guangzhou 
Institute for Energy Conversion in China. A 
clay form is covered with paper, over which 
a thir, layer of concrete is formed. After 
curing for ten days it is easily lifted off the 
form; the interior is well plastered using the 
thin plaster coating techniques developed 
for sealing the inside of the Chinese 
digestors. 

Shallower steel gasholders are used on 
many of the "Indian" plants in other 
countries. Although the standard gasholde-
is a meter or more high in India, in oiher 
countries the bell is often no higher than 50 
cr. These shallow bells do not hold a great 
deal of gas; more gas is stored in the upper 
part of the digester chamber as in the 
Chinese models. With the aid of rocks piled 
on the top in some cases, the bell ser,,,s 
primarily as a pressure regulator. If tile 6 
pressure becomes too high, the bottom edge 
of the bell is pushed up to the surface of the 
slurry or water seal, the seal is broken, and 
some gas escapes. 

Horizontal and Rectangular tModels 

Many of the "Indian" biogas plants built in 
other countries have square or rectangular 
digester pits and frequently also square 
floating gasholders. In most of these the 
longer horizontal dilension was equal to or 
greater than the vertical dimiension. Such 
horizontal digesturs are more appropriate in 
countries where the water table is very 
high. During the construction of one 
digester in Papua New Guinea daily pumping 
out of the pit was necessary until it coUld be 

sealed. If the pit is to be shallower, it is 
also possible to usr conventional building 
material. (including concrete blocks and 
concrete poured into rectangular forms) 
which are not useable for circular models. 

The Central American Institute for 
Industrial and Technical Research (ICAITI) 
has designed a 20m 3 horizontal digester 
with concrete block walls and floor and a 
top of reinforced concrete. It has a sinall 
square gasholder on one side, but most of 
the top is covered with soil for greater 
insulation. In Egypt, the National Research 
Center has built a prototype 7.5 m 3 

horizontal digester with an Indian-style 
gasholder; the remainder of the surface area 
is divided between a solar pond for heating 
slurry and a pit for composting crop residues 
before they are used in the digester. 

Other Modifications of the "Indian" Design 

A unique center pipe gas outlet is used on 
most "Indian" digesters in Nepal to replace 
the hose usually connected to the top of the 
gasholder. Holes in the gasholder's slide 
pipe allow the gas to pass through to the 
open top of the guidt pipe which is also used 
as tile gas outlet pipe; it extends down 
through the bottom of the digester and is 
connected u.nderground with the main gas 
line. This modification is applicable only to 
the relatively tall gasholders in south Asia; a 
guide pipe is usually not necessary for the 
shallower gasholders used in many other 
countries. 

In Nepal, where the water table is also 
high in some areas, the Gobar Gas Company 
has designed a vertical Indian digester which 
is shallower than the conventional models; 
digester capacity is maintained by sloping 
the bottom third of the digester outward so 
that the bottom is 45% wider than the top. 

In Kenya, circular galvanized iron 
cattle-watering tanks are used as 
gasholders. Cross bars, welded across the 
top of the tanks, support a vertical slide 
pipe. Several sizes of watering tanks are 
used as gasholders in circular stone 
digesters of approximately two, three, and 
four meters diameter: the depth is equal to 
the diameter in each case. 
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2. "Chinese" Digesters 

Water Pressure Digesters in China 

Most of the digesters built in China arcGA 
circular units with domed roofs which•r 
resemble the model shown in the adjacent
sketch. They are built mainly from locally
available masonry materials. The digester
floor and walls may be made of lime and 
clay, lime and cement, concrete, concrete 
blocks, cast concrete, brick, slate, orcobblestone. The domed roofs are usually of
brickwork or cast concrete, but other 
materials have been used. 

There are also a number of variations in 

the width and shape of the digesters.

Several ingenious construction techniques

have been developed. A "liquid mortar" 

plant is built by accurately excavating the 

pit, drilling holes into the side to provide

additional grip, and then applying mortar 

directly 
 to the sides of the pit; the method 

requires firm soil and a high degree of 

construction skill. A "ball" digester can be 

built in a shallow round hole; the top half of 

the ball is completed above the ground. A 

deeper hole is then dug alongside, filled wiih 

water, and the ball is floated into its 

permanent position. The "cast in place"

technique begins with a ring trench into 

which concrete is pourel to form the walls, 

Next the interior is excavated just deeply

enough to make room for forms 
 for a cast 

concrete dome. After it is cast, 
 the 

remainder of the soil is removed 
 and the 

floor is poured.
 

Virtually all of the family scale digesters
built in China operate on a common "water 
pressure" principle. The digester slurry
occupies most but not all of the main 
chamber. As biogas is produced pressure
builds up under the roof and slurry is pushed 
out of the digester and into the vertical 
outlet chamber. When gas is ised, slurry
flows back into tile main chamber, 

This "Chinese" type of digester has 
several basic advantages: (a) Because it 
requires no steel and is built with local 
materials, it is from 10 to less30%
expensive than "Indian"the digester
depending on the relative costs of cement 

MOVEABLE COVER-- FERMENTING SLURRY 

-INLET PIPE 'I DOME AS SEGMENT 
GS/ /OF SPHERICAL SHELL 

/: ' / PUMP 

WALL OUTLET 
PIT 
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FLAT BOTTOM OUT FROM THE 
MIDDLE. 

BOTTOM AS INVERTED SEGMENT OF SPHERICAL SHELL 

and steel. (b) Since the digester is
completely underground, it is less affected 
by cold weather than the "Indian" digester.
(c) It can accomodate feedstock mixtures 
which include a rather high percentage of 
fibrous plant material. 

Most of the disadvantages of the 
"Chinese" digesters are related to problems
of gas pressure and leakage: (a) Since the 
gas must be retained within a masonry 
structure, several coats of plaster are 
required to seal the digester. (b) Even so, 
many of the digesters in China have been 
shut down due to leakage problems. (c) Gas 
pressure can be very high but constantly
varies depending upon the amount of gas
produced and used. (d) If gas pressure 
becomes excessive, some gas is lost by
venting through a pressure-relief valve. 
(e) A part of the gas is produced in the 
outlet chamber and thus inevitably lost. 

The most important disadvantage,
however, is that gas production is very low. 
Rates may reach 0.5 m 3 per m 3 of 
digester per day in summer but drop in 
winter to 0.07 in south China and around 
0.04 in the north. A Chinese biogas expert 
gave 0.15 vol/vol/day as the annual average
in 1980; however, a United Nations report in 
1981 indicated that the Chinese hope to 
raise the average gas production from 
0.1 m 3/m 3 /day to 0.15 or 0.20. In com
parison, the average daily production of a 
conventional Indian digester in 18 month 
field tests in India was 0.46 vol/vol/day. 

The leakage problems and low gas
production of the "water pressure" digesters 
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have led the Chinese biogas agencies to 
consider using Indian-style floating 
gasholders on their digesters. The Chengdu 
Institute of Biology reported 33 to 41% 
higher gas production with a "segregated" 
biogas plant with a separate gas storage 
tank. As indicated earlier, the Guangzhou 
Institute is experimenting with thin 
concrete gasholders, and other research 
institutes are reported to be working on 
low-cost materials for floating gasholders. 

"Chinese" Digesters in Other Countries 

India has more "Chinese" digesters than 
any other country except China itself. The 
Gobar Gas Research Station at Ajitmal, 
Uttar Pradesh, began a search for a 
alternative to the conventional Indian 
digester in 1976. Fourteen designs of 
drumless plants were evaluated for ease and 
cost of construction and the "Janata" model 
was adopted for widespread use in the state 
of Uttar Pradesh. 

The Janata plant is essentially a Chinese 
water-pressure digester; it has a domed 
masonry roof like most Chinese models, but 
no manhole. Access to the digester tank is 
only through the relatively wide inlet and 
outlet openings. It is much shallower and 
wider than the conventional Indian plants. 
In recent tests the average gas production 

3for a Janata plant was 0.318m 3 per m 
of digester per day; the Janata plants are 
more productive than the water-pressure 
digesters in China but only about two-thirds 
as productive as the conventional Indian 
plants. Develcpment and Consulting 
Services of Butwal, Nepal, has built 
"Chinese" digesters by beginning with a 
concrete dome whch is cast over a mud 
mold in a shallow pit. After the dome is 
dry, the digester pit is dug out under the 
dome; two coats of plaster are applied to 
the floor and walls. Eleven of these 
digesters are reported to be working 
satisfactorily in Nepal. 

The Asian Institute of Technology in 
Bangkok has developed a small and very 
simple version of the "Chinese" digester. 
The 1.3 m wide concrete main tank has a 
covered top but nc bottom; it can be cast in 
a single piece with the narrower water 

pressure tank which sits on top. A pipe runs 
from the water pressure tank down into the 
slurry; plastic or bamboo pipes replace the 
usual masonry inlet and outlet chambers. 
Although it is a simplified version of the 
Chinese digester, it is designed for use with 
dilute manure slurries like an "Indian" 
digester. An average of 0.5 n3 of gas per 
mJ of digester volume was produced with 
the prototype model using a mixture of 65% 
pig manure and 35% chicken manure. 
Stirring is provided by a plastic rope with 
rings or loops attached which is passed 
through the inlet pipe, across the bottom of 
the digester, and out through the outlet pipe. 

3. Plastic Bag Digesters and Gasholders 

The third basic type of biogas plant found 
in developing countries consists of a flexible 
bag made of plastic or synthetic rubber; the 
bag is usually both digester and gasholder, 
although separate 
gasholders have b
digesters. 

plastic 
een used 

and metal 
with these 

The most widely used bag digesters are 
apparently those made by Union Industrial 
Research Laboratories (UIRL) ir Hsinchu, 
Taiwan. In 1974 UIRL invented a new 
material called Red Mud Plastic (RMP) 
which is a mixture of red mud waste from 
aluminum production, new or used PVC, 
waste engine oil, and other ingredients. 
RMP is made in both soft sheets and hard 
pipe. UIRL claims that biogas digesters 
made of RMP have the following advan
tages: (a)Metal oxides in the material give 
it three times or more the resistance to 
ultraviolet light of ordinary PVC products. 
The first RMP digester, installed some years 
ago, is reported to be still in good 
condition. (b)RMP is resistant to dilute 
acid, strong alkali, and hydrogen sulfide. 
(c) Because the red mud and waste engine oil 
are worthless, the cost of RMP is among the 
lowest of all plastic materials. A firm 
planning two 100m 3 digesters in Barbados 
concluded that a concrete digester with 
equal capacity would cost three times as 
much as the RMP units. The RMP digesters 
are available in various sizes from 15 m 
to 400m 3 . The sausage-shaped units are 
installed in a horizontal pit shaped to the 
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contour of the lower half of the bag; the 
upper third or half, which is above ground, 
serves as a gasholder unless a separate 
gasholder has been provided. Gas pressure 
can be increased with a wooden platform
riding ol top of the digester and loaded with 
rocks; the University of Hawaii added 
pressure oy lashing old tires on top of the 
bag. 

bags with a total volume of 2,10in3 . The 
bags are kept in a smooth-walled room to 
avoid physical damage and degradation due 
to sunlight. 

Perhaps the most unusual plastic
gasholders are reported by the biogas
newsletter in Nepal: "In Tibet one sees ears 
and busses with what looks like an elongated 

Sanamatic Tanks Manufacturing Corpo-
ration, which was founded by an Australian, 
offers a large digester-gasholder made of 
butyl rubber. The bag is placed on a sand 
base and is supported by a steel cage with 
panels of rigid foam insulation, 
Macroenergetica S.A. of Brazil malkes a 
digester and separate gasholder of 
reinforced PVC',. The digester bag is
supported by galvanized steel reinforcing 
bars. The gasholder resembles a large
pillow held up by stakes; a water bag on top
increases gas pressure. An English firm, 
Lockstoke Developments, mal<es relatively 
flat rubber digester-gasholders in 2.2 rn3 

aril 13.5 n 3 sizes. 

These bag digesters have been primarily
designed for the continuous digestion of' 
nanure slurries with a low percentage of 
total solids. lowever, Lockstoke l)evel-
opments also sells a hand-cranl<ed 
vegetation shreclder which can he used to 
add soine plant material to mianures or night
soil. UI. I gas product ion estiiiates include 
2.010 per m3 of' digester at 301-350C. 
and a 20-day retention tiime. The Office of 
Rural Developnent in lor'ea conpared gas 
pr'oduction f'rorII pig ljanur'e in a 3 ui3 

PVC bag digester with that fromi chicken 
nialnure ill a 5.8m:3 concrete digester with 
a PVC gasholder. Average production was 
431% higher in the sinaller bag digester; the 
increase was attributed to the considerably 
higher tenperatures in the bag digester, 
especially in smmer monthis. 

Plastic bags are widely used in China as 
gasholder6. They are sometinres used to 
capture the excess pressure whili cah build 
ip in the Chinese digesters. Bags of gas 

amy be taken to the fields in trucks or carts 
and used to operate irrigation puimips. At 
the biogas power' station in 'oshaln, gas f'roln 
28 digesters is collected in two large PVC 

balloon on the roof, containing several Cubic 
meters of' gas, enough for two or four hours 
of running, depending on the size of' tile bag
and the horsepower of the vehicle." The 
Livestock Research Institute in Taiwan 
found that a 200(cc car would go 9 to 10km 
oil each m of purified methane in a 
similar rooftop bag. 

4. Temperature-Raising Devices 

Most of the extra equipment added to the 
standard components of dgesters has been 
designed to raise or maintain temperatures 
inside the digesters. Optimum temperatures 
for the inesophilic group of methane
producing bacteria are between 30 and 
400 C. These bacteria are very sensitive to 
temperature changes, and gas production
drops rapidly when the digester temperature 
drops close to or below 200C. A numnber of 
temperature raising devices and techniques 
have been used: 

Insulation: Since it is mostly undergroInd, 
the Chinese digester is better insulated than 
the Indian type. F'urther insulation can be 
provided by piling manu'e, straw, leaves, 
crop residues, oi' other ruaterials on the 
covered inlet ard outlet chambers. A 
(uatemalan organization, ICAI)A, found 
that the exothermic heat from compostiag 
maimre actid straw, piled arournd a digester, 
raised interior temperatures 8 to 1(10 C 
above tie anbient temperatui'es even in the 
coldest season in the Guatein alai highlands. 
The Idinii Institute of Science in Bangalore,
Mysore Stnte, showed tlt the gasholder 
was the major source of' heat losses from 
tile con ventional ladlia i phlnt. Since the 
gasholder miust be free to rise gasas 
pressure increaises, the Indian plant is 
di fficult to insilaite. Some of the heat loss 
is eliminated with a "water jacket" which is 
placed to prevent any contact between tile 
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slurry and the outside atmosphere. The 
Indian Agricultural Research Institute found 
that a wooden frame around the gasholder 
covered with plastic sheeting kept digester 
temperatures 5 to 80 above the ambient 
temperature and imlproved gas production, 
In Korea the Office of Rural Development 
tried insulating "Indian" digesters with rice 
hulls or straw and with vinyl sheeting, but 
neither technique raised the temperatures 
to optimum levels during Korea's severe 
winters. 

Passive solar heating: In Guatemala 
ICADA built a simple solar greenhouse over 
an underground digester; this passive solar 
technique raised digester temperatures 
about 10"C. and permitted an ample gas 
production at an altitude of about 1700 
meters. A subsequent ICADA experiment 
with a greenhouse over an above-ground 
uninsulaled metal barrel digester was much 
less successful dLie to the rapid drop in 
digester temperatures during the cold 
mountain nights. A digester built with the 
help of U.S. Peace Corps volunteers at an 
even higher elevation (2750 m) in Ecuador 
used a greenhouse cover and a solar water 
heater to keep temperatures at an 
acceptable level. 

Solar-heated slurry water: In cold 
weather, the temperature of the digester is 
lowered by the daily addition of slurry at 
ambient temperatures. Solar energy has 
been used in various ways to heat water for 
slurry mixing. In China the solar water 
heater often consists of a black-painted 
basin with a glass cover. The lndian 
Institute of Science built a "solar pond" on 
the top of a steel gasholder; it reduced heat 
losses from the gaslcider and the solar 
heated water was used for slurry mixing. 
The National Research Center in Egypt is 
experiiienting with a prototype plant with a 
similar solar pond. The new high-density 
plastic gasholders in India contain a water 
chamber which call be used as a solar water 
heater. Solar panels are used at a 
biogas-fueled cheese plant in Nepal to heat 
slurry xater as well as for space heating in 
the structure which houses the biogas plant. 
A 100 cubic meter village-scale plant in 
Korea used a 3.3 square ieter solar panel to 
heat slurry water, 

Direct digester heating with solar energy: 
At a community-scale plant in Kubadthal, 
India, water heated in a solar pond on the 
top of a 140 m 3 digester is circulated 
through coils in the digester by a biogas 
powered pump. Most other such systems use 
water heated with flat-plate solar 
collectors. U.S. Peace Corps volunteers 
designed a "thermosiphon" system to 
circulate solar-heated water through a 
digester at Quilango, Ecuador; hot water 
from solar collectors on a hillside below the 
digester flowed naturally upwad to coils 
inside the digester. The thermosiphon 
principle has also been used in the solar 
heating systems in a large ferrocement 
digester built by ICA1)A in Guatemala and 
in the cheese plant in Nepal. A Belgian 
rural development organization, AIDR, is 
experimenting with the solar heating of 
several digesters in the cool highlands of 
Rwanda. UIRI in Taiwan has designed a 
solar heating system to be used with a 
3001,m 3 RM P bag digester, and the Taiwan 
Livestock Institute is experimenting with 
digestion at tliermophilic temperatures (50 
to 600 C) using solar heat supplemented with 
heat from biogas combustion. 

Digester heating with biogas: Korea's 
Office of Rural Development used about 
32% of the biogas produced by a 137 m3 

plant for digester heating, but only 16% of 
the gas was needed to heat a 100 m3 plant 
when the slurry was mixed with water 
heated by a solar collector. Waste heat 
from biogas-fueled engines has also been 
used for digester heatinig. A state dairy 
farm in Szechuan province in China uses 
waste heat from two large digesters. Waste 
heat from a biogas-fueled automobile engine 
heats a 6i 13 digester in Rwanda. 

Additives: Biogas experts in India, 
Pakistan, and Nepal recommend the addi
tion of animal urine to stimulate gas 
production frol cow dung plants in colder 
months; a biogas manual in Nepil recom
mends replacing one-third of the slurry 
water with urine but warns that higher per
centages of urine produce ammnonia concen
trations which inhibit or kill methane
producing bacteria. The addition of poultry 
droppings, dried straw powder, composted 
dried grasses, algae, and molasses has been 
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recoimended in one or more countries, 
AIDR, which built a digester at a 
slaughterhouse in Be!gium, f'ound that 
enzymes in the cow's stomach stilmirlate 
biogas product ion; these addi t ives were 
subsequently use(] to increase gas production 
from a nixtur'e of millet stalks nnd nianure 
in Upper Volta. The (iuangzloul hst ituto of 
Energy Conversion in Chinn has begun a 
six-year research program on idditives to 
stinliulate anaerobic digestion, 

5. Scum-breaking Equipment 

The other major area for innovation in 
digester equiparerit has been the develop
nient of new rienrs of breaking up the layer' 
of scum which tends to form on tile surface 
of the slurry. In India, rods or flanges are 
installed on the inside of gasholders which 
float directly in the slurry; the scum is 
broken by rotating the gasholder once or 
twice a day. Longer rods, extending (own 
into the slurry, can be used even if the 
gasholder floats in ai water jacket. Several 
other devices have been developed for 
scum-breaking in "Indian" digesters. In 
Taiwan, a piece of' plastic Pipe hangs
vertically from the inside of the top of the 
gasholder; two crossed pieces of' pipe are 
attached to it just below the slurry surface. 
A plastic rope is attached to the crossed 
pipes and passed out through the outlet pipe; 
pulling and releasing the rope agitates the 
surface of the digester. A variation on this 
device was developed in Sri Lanka. A 
wheel-like stm'ucture floats on tile slurry 
surface; it is attached to a plastic rope
which passes through a pully or ring at the 
bottom of the digester and then out through 
the outlet pipe. Pulling the rope draws the 
floating wheel under the suNface of the 
slurry and breaks tle scum. 

The daily ebb and flow of' the slurry 
within the "C'hinese" digester provides some 
agitation. As the gas pressure builds up, a 
part of the slurry is forced up into the 
outlet chatiber; when tile gas is used, the 
slurry flows back into the digester. When 
more agitation is needed, the Chinese 
norm Illy use a piston-shuped device; a 
wooden disc is ittached to a long baniboo 
pole and braced with wires. It is used to 

feed the digester with plant materials which 
will not readily drop through the inlet. 
When the device is inserted into the digester 
through the inlet, aI hack and forth 
movement will (muse a rapid turning over of 
the (Iigester contents. Ilowever, this 
technique is use(d sparingly to avoid 
disturb:rig pnthogeiis a n(l parasite eggs 
accomlnited nt tile bottom of' tile digester. 
Mechanical stirring devices have been added 
to "Chinesc" (ligesters in several other 
countries. A pipe usually extends 
the domed roof of the di,'ester, with 

through 
a crank 

on the top and stirring flanges on the 
portion extending into the slurry. 

6. Digester Size & Retention Times 

Loading rates ir'e more -r tess fixd by 
tie availability of feedstocks. A larger 
digester provides a longer' retention time 
(IT). Longer lT's are desirable when 
priority is given to (a) deriving the riaximum 
amount of gas fr'om a limited quantity of 
feedstock, (b) maximizing gas production 
during w.nter months, and/or (c) destroying
pathogens in the effluent. Each of these 
objectives is important in China, and the 8 
to 10 1i 3 family digesters are considerably 
larger than those in India and elsewhere. 

Digester size and retention times can be 
reduced when tile above goals are less 
important than (a) reducing tire cost of 
digesters and (b) obtaining the maxi mum gas 
production per 'Volume of digester. The 
latter goals have hao the highest priority in 
India, where a fundamental decision has 
been reached to move to smaller digesters 
and shorter retention times. 

Information on loading rates aind retention 
times in Chinma is limited; dlung, fight soil, 
and plant materials are added to digesters 
as available without precise measurement. 
There is considerable evidence that Chinese 
biogas experts ar'e examining every option 
for irnproving the perl'ormance of digesters 
in ChiWa, but it is riot clear whether tile 
possibility of smaller digesters and shorter 
retention times is being considered. 
Mleanwhile, important exl)erience with 
shorter T's is being developed in several 
other Countries. 
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PART TWO: 
FEEDSTOCKS FOR BIOGAS PRODUCTION 

1. Animal and luman Residues 

Cow Manure 

Cattle dung is used in most of India's 
digestors and in a considerable number of 
units in other developing countries. Most of 
these digesters are family-sized, "Indian" 
models producing gas primarily for 
household cooking. 

Larger biogas plants have been built on 
dairy farms and cattle stations in several 
countries. At a state dairy farm in 
Szechuan province in China manure from 
125 cows produces 2001m3 of gas per day 
in six digesters; the gas is used for cooking 
and electrical power generation. Biogas 
from 50 cows at the Alabang dairy plant in 
the Philippines is used in a refrigerator and 
stove in the milk processing facility. The 
Delhi Dairy Corporation in India is 
reportedly operating a 420 m3 digester. 
The Bharatiya Agro-Industries Foundation 
uses the manure from 600 cows to make 
340nm3/day of biogas at a cattle breeding 
station near Poona, India; the gas is used for 
cooking, lighting, water pumping, and 
generating electricity. Research institu-
tions in Costa Rica and Indonesia are testing 
digesters on dairy farms. Large units are 
being built or planned at a cattle feedlot 
and slaughterhouse in the Ivory Coast and at 
a borehole well in Botswana. 

Cow dung is rarely mixed with other 
manures or plant nmaterials. While lower 
Carbon/Nitrogen ratios are usually given in 
developed countries for cow iainure, 
research institutions in China and India have 
indicated C/N ratios for cow dung of 24 or 
25; the dung is thus not far below the 
optimum level for biogas production which 
is considered to be around 30. Night soil is 
added to a0out one-fourth of the cow dung
digesters in India and appears to increase 
gas prodiction: this may be due to 
increased nicrobiological activity rather 
than to an improved C/N ratio. Laboratory 
tests have indicated that the addition of' 
most crop residues to cow dung decreases 

gas production, apparently because the C/N 
ratio is raised beyond the optimum level. 

Pig Manure 

Swine residues are used in most of China's 
seven million digesters and in the numerous 
biogas plants in Korea, Taiwan, and the 
Philippines. 

Since pigs eat less forage than cows, pig 
manure has a higher percentage of nitrogen 
(3 to 4%), a lower C/N ratio (13 to 15), and 
a lower percentage of nondigestible lignin 
than cow manure. In laboratory tests in 
China, India, and New Zealand and 
commercial operations in the Philippines, 
biogas production per unit of weight was 
nearly twice as high for pig manure as for 
cow manure. 

Because of its low C/N ratio, pig manure 
is suitable for digestion in combination with 
crop residues which have a higher C/N 
ratio. However, it is frequently mixed with 
other feedstocks only in China. Pig raising 
by individual families is encouraged by the 
Chinese government and the goal of two 
pigs per rural family has been achieved in 
many areas. On the typical small family 
plot the pig pen, latrine, and digester are 
adjacent; night soil and pig manure are 
flushed directly into the digester. Partially 
composted crop wastes, straw, grass, and 
weeds are also added. The most common 
mixture is 60% pig manure, 20% night soil, 
ard 20% plant material, plus water. The 
appropriate technology organization in 
Guatemala (CEMAT) also uses night soil 
with pig manure in "Chinese" digesters. In 
Korea, the Office of Rural Development 
obtained a very high level of gas production 
(1.67m 3 per m 3 of digester volume per 
day) in a 1.37 m 3 digester with a mixture 
of 63% pig manure, 25% cow manure, and 
12% chicken manure. An equal mixture of 
pig manure and cow manure has been used 
at the Alabang plant in the Philippines. 

Ilowever, in most East Asian countries 
other than China pig manure is normally 
used in "Indian" or bag digesters in dilute 
slurries without mixing with other feed-
stocks. Manure-water ratios range from 1:5 
to 1:4 at several plants in Korea and the 
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Philippines, 1:3.5 in the Red Mud Plastic 
digesters in Taiwan, and 1:3 or 1:1 in many 
digesters in Korea, tile Philippines, and 
Indonesia. Research on manure-water ratios 
at Maya Farms indicated that a 1:1 rtatio 
yielded the most gas per volume of digester 
but less gas per' unit of Mia nure than more 
dilute slurries. 

Pig Manure is use( in digesters in several 
Western lenmisphere devoioping countries. 
ICA ITI has tested a 5 it 3 horizontal 
digester at a swine research station in ('osta 
lica; the gas is used to warm the piglets. A 
developnrent agency in (ChiIe tested a large 
prototype horizontal digester with pig 
manure and helped a farmer build a 
100 i113 unit on a Age pig fa'rm. 'li1e 
Costa lican Institute of recinology will use 

3two 500n nylon-Iirled IV''Cdigesters with 
a separale 50 mr3 plhstic gaisholder at a 
300-pig frlr'r. In f:trblrdos alfirll is planninH 

t wO-StaI.e p lt Lis i Ig two li() i' 
plastic bag digesters on it .5ir-1Q farna: the 
gas will be used to cook swill for tire pgs. 

l'xlerirrents ith iixtures of pig rrlanure 
arid plant niteriafs hrrve bear cordrctmed ir 
only a few Courtries except ('iia. a 
I:ars tried rmixtures of pi, ilrrllure a rf ,'ice 
straw aru subseqtuently designed a batch 
digester for tile Ise of this ilixture orr 
integrnteo livestock uris Irodricirng botir 
livestock and rice. lIr tire South I cific, 
biogas Pioreor' ( eOr'gt ('] hillir Ccrelue(( that 
gas pr'ocUctioll f'r'Or pig Iiir11r1rre could he 
iricased by VIC ddition of' lea \,os a Ird grass 
to boost the C/N ratio. 

Poultry, Arrarure'o 

I roppirgs frontr c kikens rind other 
poultry are ulsed is digester feedstocks in 
several countries. "our digesters ire'o beinrig 
built froni lIrge concreto culverts at tile 
chickeen-riing collnlunity of' sar ,Jose, 
hatankgins, ii the 'irilippines; tire gris will be 
used for writer hiertirrg arid for Ihi'Go( rs or 
heaters. (; hlju'it Agro llidustries irl 
Arihredabrr(id, Ildia, operates airl 8 nir'i 
digestor uisilig droppings froi f 2(1(0Iciickens: 
the chickel hroise is WiNcrred witr tire biogri:; 
by bun'rririg it ii gnis lInliips srirl'oroindo(d i)y 
wire. (is i'rorlir sitill digester will nlso be 
used to Waili i ChiCf,;rr lhouse ilr 

Zimbabwe. Several large digesters are 
being built by the Belgian rural development 
organization, AI DR, in poultry-raising 
communities in Burundi . xperiments with 
gas production from poultry manure are 
being conducted with the Prikistan Council 
of Scientific and Industrial Research in 
I,<hore and the CCntra l Lu zon University in 
the Philippines. 

Poultry droppings have a high nitrogen 
content ('4 to 6%) and thus a C! N ratio of' 
about 15 which is well below the opti mu in 
level. Mloreover, tIe high nitrogen content 
can lend to ininronin concentrations which 
will kill the methnne-forning bacterin. This 
can be avoided by diluting the inanure withr 
water or by balancing tie ('/N ratio by 
mixing the rranure with shredded strw, 
bhgnsse, or other high carbon rraterials. 

owever, experience with Inixing pourltry 
inanure with other feedstocks appeal's to )e 
rather linited. Tie operator of a large 
chicken farm in !Mrbados plnns ai hiogas 
plant using a inixture of d'oppings froi 
75,00 birds and hagasse. Il laboratory 
tests of Vw'ious nrarur'es oni mixtures by 
tire Ofice of Hurl I)evelopment in lKorea, 
the highest gas yield was obtained with an 
equal mixture of pig and chicken manure. 
No mixture witlr any otirer feedstock 
provided ts hi[,. a grils production as 
rrrixCd erickelrn i11irur' . 

(Uas productiorr frorn poultry mnllnure has 
varid widely, uppniently beca rse of 
var'iations irr C/N rntios ii( the prolblen of' 
anilonii i)uildrup. Two Indian institutions 
repor'ted gais prOduCtiorr per iinit of' dry 
weight 30I to 4Vig lower for poultry ianlure 
thin for cow dun,. SOnic reslts have been 
about the silrre as for cow (fling. Ilowever, 
tests in IKoicn, 
have yieoldd 
poultry ni nrrnlr'e 
higiher thrlln for c

New ZenIaiid, 
priMproduct ion 

wIrich were 
ow dung'. 

inrd 
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Other anrures 

ilirmres f'r'oit other riirririnnls hive been 
tested fry severril research institutions brt 
re rpprrenitly not widely used in biogns 

plnls. Orre Indian r'esearch institution gave 
horse iaiiiure I higher g, is produict ion 
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rating than cow dung, while another Indian 
institution reported lower production from 
horse manure. The two research centers 
agreed that camel dung produced only 60 to 
70% of the gas derived from cow dung. The 
only available studies indicated that sheep 
manure produces about tie sime arnoiMt of 
gas as cow dung, buffalo dung makes slightly 
miiore, bullock dung miakes slightly less, and 
goat dung produces only about 65% of the 
gas from cow dung. 

Night Soil 

In developed countries, night soil may 
have 5 to (3% nitrogen and a (/N ratio 
which is well below the optimum for gas 
production. llowever, there are indications 
that, because of the lower protein levels in 
huilan diets in mlanly develo~ping countries, 
the nitrogen levels in night soil inny be 
lower and thus the ('/N ratios ilay be closer 
to the optilnuil levels. 

lIIitiian exeret a u seld witI pig manure 
and plant Iuaiite'ia ls in most of the 
faliily-size digusters in ('htii . The high 
nitrogen levels of both pig manure anl night 
soil are blaireed by the addition of plant 
materials with a Igh carbon content. The 
most frequently usci formula is 20% plant 
material, 2W%', Imiair waste, and (io(, animal 
dung, plus water. Tie addition of sonic 
plant material also helps gas productioin in 
digesters operated prinarily with night soil. 
The biogas nmamuml in Nepal indicates that 
adding 50ll0 graiiis of wheit straw per person 
per day to a night soil digester will result in 
a dramatic increise i& gas production. (Gas 
yields were boosted in a night soil digester 
at a hospital in Pa pua New (Miica when 
finely ground grasses or sLaw were added, 
alth ough it was found that inore t'requent 
desludgirg wkns require(Il. The Office of' 
Riural I)evelopiiment in Ikore found that ai 
eqlual iixture ofr right soil and weeds 
produced 46(% i oi'e biogas than tin i ixed 
night soil. Iow gaIs product ion l'ro 
unmixed night soil convinced Philippine 
officials that alinial and l)ossibly plant 
wastes should be added. 

In China, where untreated humran wastes 
have traditionally been spread on tIme fields 
as fertilizer, there does not seem to be 

much resistance to cooking with gas made 
from human wastes. However, many people 
in India and other countries are reluctant to 
use such gas. The Indian biogas agency, 
I<VIC, estimated in 1980 that about 20,000 
family digesters, or about 30% of the total 
in India, were connected to latrines. A new 
community-scale biogas plant operated by 
I<VIC in l)haniv uses cow manure only in a 
first-phase digester, so that villagers who 
object to the use of gas made from human 
wastes can get pure "gobar gas." The slurry 
from this digester flows to a second digester 
where it is combined with human wastes 
from eight public latrines. Mlaya Farms in 
the Philippines has developed a three-phase 
digestion system which uses night soil from 
worker dormitories. 

There are also large plants using night soil 
alone in China, India, and Nepal. The 
world's largest biogas power plant, at 
l'oshan in China, generates 90 kw of 
electricity with biogis made from night soil 
(see page 19). The National Environmental 
EngineeringlResearch Institute in Nagpur, 
India, built three digesters with a total 
capacity of 47 m3 to use night soil at a 
nearby prison: the plant produces 25 to 
35m 3 of gas daily or about 0.5 to 0.7 
volumes per volume of digester, a higher 
level than that from cow dung plants in 
India. Smaller night soil plants have been 
built in India at a leprosy home, a womens 
college, and a bus station. A cimcular 
building in lathlmmandu contains a ring of 
public toilets with a digester in the middle. 
Lockstoke I)eveloprnents ltd. of En land is 
mnrl'eting its bag digesters for use as 
combined biogas plants and village sewage 
disposal units in Africa; two bags connected 
in series are recominended for the rapid 
digestion of hluiman wastes in hot arid areas. 

Two special operating i'oblems have been 
encountered in digesters using night soil. 
KVIC in India repo'ts that tile night soil may 
be difficult to keep in suspension, with soie 
parts settling to the bottom ain fatty 
substances floating on the digester surface. 
Reports fromi India .nd Nepal indicate that 
the corrosion problem with steel gasholders 
is especially severe when night soil is used, 
apparently due to the higher level of 
hydrogen sulfide in the slurry. 
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2. Plant Materials 

Limiting Factors 

At present crop residues and other plant 
materials are widely used in family-scale 
digesters only in China, although such 
materials have been tested by research 
institutions in a number of other countries 
and used in a few other digesters. The use 
of these materials has been limited by
several factors: 

I. Digester designs: The use of fibrous 
crop wastes in "Indian" digesters, which are 
in the most common models everywhere but 
in China, is prevented by the narrow (3 to 
5 cm) diameters of the inlet pipes. These 
digesters have been designed for use with 
liquid slurries with a low percentage of 
solids. In contrast, the Chinese digesters 
have been designed to accept fibrous 
materials through the rather wide opening 
between the inlet tank and the main 
digester chan-ber. 

2. Clogging problems: Many experiments 
with the digestion of plant materals have 
run into severe clogging problems. Most 
crop residues consist of plant stalks and 
stems which have considerable structural 
rigidity. Clogging problems seem 
particularly severe with plant materials 
which have a high percentage of iignin, 
which is almost totally non-biodegradable, 
A high mineral and ash content may 
contribute to these problems in some plant 
residues. Digestion of these materials is 
accelerated if they are shattered, chopped, 
or ground before digestion. The Punjab 
Agricultural University in India fed a 
digester with relatively large (8 cm) pieces 
of rice straw and wheat straw; semi-solid 
lumps of undigested material remained 
floating on fie digester surface. The 
Institute of Electrical Research in iMexico 
found that adding crop residues in ground 
form to cow nanure produced more gas and 
a higher methane content than when the 
same residues were only chopped. 

3. Carbon/Nitrogen ratios. The process
of anaerobic digestion requires that the 
feedstock contain carbon and nitrogen in a 
ratio which is rather close to 30:1. Most 

grains are harvested when the stalks and 
stems are relatively dry and have a very 
high C/N ratio. In general, crop residues 
are used more effectively when they are 
mixed with green plant materials or certain 
animal residues which have a high nitrogen 
content. However, some green plant
materials have too low a C/N ratio for 
optimum digestion unless they are mixed 
with residues with a higher carbon content. 

4. Acidity problems: In the initial phases 
of anaerobic digestion, acid-forming 
bacteria break down the carbohydrates into 
volatile fatty acids. These are then 
converted to methane by methane-forming 
bacteria. Because of the high percentage of 
soluble carbohydrates in many crop residues, 
volatile acids may be produced more rapidly 
than the methane-forming bacteria can 
convert them to methane. The excessive 
acidity inhibits or kills the methane 
bacteria, the digester goes "sour", and gas
production ceases. In China, where lime is 
usually availablc, crop residues are 
composted with lime for ten days before 
digestion or lime is added to the digester
tank to maintain a pH level of between 7 
and 8. At the Invernay Agricultural 
Research Institute in New Zealand, plant
materials to be digested were first stored 
for a time as silage; the breakdown of the 
carbohydrates began in the silo and the 
acids were neutralized before the material 
was added to the digester. If the acidity is 
controlled, such pretreatment or composting 
can accelerate the digestion process. 

Straws 

Wheat straw contains over 20% lignin and 
a very low percentage of nitrogen (0.3 to 
0.5%); its carbon-nitrogen ratio (130 to 150) 
is far beyond the optimum level. Despite 
these handicaps, there have been some 
reports of success with the digestion of 
unmixed wheat straw. A Chinese 
publication reported that one-third more gas 
had been produced from whent strw than 
from cow manure in lhboratory tests. By
careful control of acidity levels, the 
Invermay Institute in New Zealand produced 
twice as much biogas per kilogram from 
wheat straw as from cow manure. 
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In experiments at both Cornell University 
in the U.S. and the Indian Agricultural 
Research Institute (IARI), the addition of 
substantial quantities of wheat strnw to cow 
manure reduced igas production by 30 to 
50%. ICADA in Guatemala also obtaincd 
rather low initial gas production from a 
mixture of wheat straw and cow dung. As 
previously indicated, cow dung in developing 
countries is already close to the optimum 
C/N ratio; adding the wheat straw raises the 
carbon content of the mix to an excessive 
level. However, small quantities of' wheat 
straw may improve the C/N ratio and gas 
production of' cow dung. The Appropriate 
Technology Development Organization in 
Pakistan recommends the addition of' I kg of 
powdered wheat straw to 50 kg of' cow dung 
to increase gas production in winter months. 

Wheat straw is better suited for mixing in 
larger quantities with other feedstocks 
which contain a higher percentage of 
nitrogen. '[he Cheng Ilsiang research 
station in China reported that the gas 
production from wheat straw doubled when 
20% night soil was added. Combinations of 
wheat straw with pig manure and with 
poultry manure should also produce 
favorable C/N ratios, but specific studies of 
these mixtures do not seem to be available. 

Experiments with the digestion of 
unmixed rice straw in continuous 
digesters in India, the Philippines, and 
California have proved unsuccessful due to 
clogging of the digesters. These problems 
may be related to the slagging problems 
encountered in the thermal gasification of 
rice residues due to the high percentage of 
minerals including silicon. 

Rice straw has slightly more nitrogen and 
a somewhat more favorable C/N ratio (50 to 
70) than wheat straw. 'he Chengdu 
Institute of Biology in China has reported 
that in several tests mixtures of rice straw 
and pig manure (which has up to 3 to 4% 
nitrogen) have produced large quantities of 
gas rather rapidly. When 20%1 night soil was 
added to rice straw at the Cheng lisiang 
station, gas production increased by 60%. 

In contrast, gas production was depressed 
when rice straw was mixed with cow dung, 

which already has a near-optimum C/N 
ratio. The Maharashtra Association for the 
Cultivation of Science in India added 25% 
rice straw to cow dung, and gas production 
vas reduced by abut 25%. However, ORD in 

Korea obtained 21% more gas when a rice 
straw extract was added to cow clung. The 
addition of 20% rice bran (which presumably 
has a lower C/N ratio) to cow dung by the 
Maharashtra group resulted in an increase ir, 
gas yield. 

Both oat straw and rye straw contain 
nearly 20% lignin but apparently have lower 
C/N ratios than wheat straw. No studies of 
these straws have been noted. 

Barley straw has less than 10% lignin; 
when 20% barley straw was combined with 
80% cow manure at the University of 
California, gas production was slightly 
higher than from manure alone. 

Corn Stalks 

The residues of corn or maize have less 
than 10% lignin and C/N ratios between 50 
and 60. No experiments with the digestion 
of unmixed corn residues have been noted. 
The Institute of Electrical Research in 
Mexico found that the addition of corn 
stover to cow manure increased gas 
production. The National Research Center 
in Egypt reported that adding maize to a 
mixture of cow dung and sewage increased 
gas yields until maize reached 70% of the 
mixture.
 

Grasses
 

Most grasses have low C/N ratios (from 
10 to 27) and lower percentages of lignin 
(from 4 to 6%) than most other plant and 
animal residues. Both the Invernay Institute 
in New Zealand and the Cheng Hsiang 
station in China have reported gas 
production from grasses which was 50 to 
75% higher than from cow dung. A Chinese 
publication lists a gas production figure for 
fresh grasses (630m 3 per ton) which is 
double that for cow manure. 

The Institute of Gas Technology in 
Chicago reported that unmixed coastal 
Bermuda grass, which has only 1.96% 
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nitrogen and a C/N ratio of 24, produced 
0.313 volumes of' gas per volume of digester 
per day; however, gas production increased 
to 0.587 vol/vol/day when a nitrogen 
compound was added. After experiments 
with the diigestion of elephant grass ;n 
Uganda, Makerere University concluded that 
its successful use depends on plant age, the 
degree of laceration, and the treatment of 
the grass before digestion. 

Grasses are mixed with pig manure and 
night soil in many family digesters in 
China. One of the recommended form' ulas 
in China calls for 6.0% marsh grass, 20% 
human wastes, and 2)% animal waste, plus 
water, although smnaller percentages of' 
grass would norrnally be used. The Belgian 
r'ural development organization, AI)1R, uses 
a raixture of' 75% illet stalks and 25% cow 
dung at a r'Ur'al hos)ital in Upl)er Vol ta; gas 
production averaging 0.50 vol/vol/day was 
achieved with the help of' enzymes from the 
Cow's stomirach. 

Water lyacinths 

Researeh institutions in a dozen Countries 
have experimented with the digestion of' 
water hyacinths, tile fast growing a.uatic 
weeu which clogs the waterways of many 
countries. The phlIts are being used in 
several drgi,:ters in tire Sudiese village of' 
Tawilla on the '\hile Nile, under a joint 
Sudanese-(,ermiar hyacintlh corntrol pro-
gra ii. (as producttion a ,ern'ged ((.6 to 0.72 
vol/vol/d i, 'roiii a bng' digester with i 
kg/day of hyacinthls arid a 41 day retention 
time. Using r'ercantion tilives as short as six 
clays, tile I(;T ini ('lhicago obtained lip to 1.0 
vol/vol/day of' gas f'r'orn hyaeinths grown in 
sewage-fed lagoons in Mississippi. The lack 
of Cost-effective irvesting techniques 
remains the principal barrier to the 
widespread use of wrter fhyaC iII t us for 
b o.as production and perhaps electric 
power generation. 

Two Indian resear'cih ageneies obtai ned 
modest increases in gas productiol when 20 
to 25)% water hyncintlhs were added to cow 
dung. Later the biogas research station ilr 
Uttar Pradesh concluded !!Iit a iiiixture o1' 
60% hyacinths rind 4(1% dung gave the best 
overall results. 

In Indonesia USAID is funding a three y.ar 
program on biogas production from water 
hyacinths. Prototype ferrocement digesters 
are being tested at Padjadjaran University 
in Bandung, \est Java. A village 
demonstration is planned ind the economic, 
social, and technical feasibility of' wider use 
of' these plants will be studied. 

Bagasse 

The residues from sugar production have a 
very high C/N ratio (around 150.) and are 
widely used as a boiler fuel. A few 
institutions have used bagasse in digesters 
along with animal niarnur'es. The Mahar'astra 
Association in India obtained 41% more gas 
when bagasse was sutstituted for 30% of the 
dJung in an Indi an digester. The National 
Sugar Institute in lKNI;IptIr, India, hIs used a 
2:1 Mixture of bagasse aid cow dung in a 
very large digester; gas production averaged 
30(1i3 per ton. A sugar cane research 
center in the 1)ominiean Republic is also 
studying the digestion of a mixture of 
bagasse and cow imanure. In Barbados the 
operator of a large poultry farm plans to 
make biogas fr'orii a I lixttr'e of bagasse and 
poultry manure. razilian institutions 
including the University of Paraiba have 
studied bagasse as a digester feedstock. 

Coffee Pulp 

About 40% of the original weight of tile 
coffee berry re IIiains as pulp a fter 
processirg. The prlp has a rather high C/N 
ratio (about 70) tind a substantial initial 
sugar coriternt. Il digestion tests of the pulp 
with reiatively high loading rates and short 
retention times, 1CAITI in (uatemala found 
that acidity levels buit up quickly due to 
tile rapid corversiorr of' sugars to volatile 
acids. (Cas productioll reached 1.07 
vol/vol/day with i60-day retention times. 
There are indIications thmt the juice from 
pressend pulp Inrrv be a more suitable feed 
stock f'or biogiss production than the raw 
pulp. 

Cotton Stalks 

The National Research Center in Egypt 
reported that mixing shredded cotton stalks 
with Cow dung in laboratory digesters had an 
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adverse effect on gas yield. When the same 
mixture was tried in a "Chinese" digester, 
scum formation was excessive and the unit 
became inoperable. Thc high ash content in 
cotton stalks (17%) led to severe clogging 
problems in tests of the thermal --asification 
of the stalks at the University of Callifornia; 
the undigestible minerals may also inhibit 
biogasification of these residues. 

Marine Plants 

The Institute of Gas Technology in 
Chicago obtained 0.51 to 0.85 vol/vol/day of 
gas from giant kelp (Macrocystis pyrifera). 
The University of Ilawaii found two 2aweed 
species were suitable for methane 
generation without ni trogen] suppleitlents; 
gas yields were four timtes as high for Ulva 
as for Eucheulna. Salinity is apparently not 
a problemt. In llawaii, twice as taucIh gas 
was obtained frou unwashed seaweeds as 
from those washed with fresh water. The 
University of the South Pacific itl Fiji 
obtained biogas fromi two seaweed species 
(Sargasan, sp. and (Iracilaria s) with both 
fresh water and sea water with :35 parts pet, 
thousand salinity, 

Fruit and Vegetable Residues 

Makerere University in Uganda found that 
a 2:1 nt ixture of' plantain peels and Cow dung 
gave a good gas yield. The National 
Institute of' Science & Technology in the 
Philippines has studied the digestion of 
banana peels. The Gerimn Ageney for 
Technical Cooperation ald ICA ITI in 
Guatettala are studying the possibility of' 
making biogas front banana stems and 
stalks, possibly mixed with cattle or pig 
nanure. Lab tests on the digestion of' 
potatoes, cassava, and other tubers have 
been conducted by the Tropical Products 
Institute in London. 

Urban Solid'\astes 

When urban solid wastes are buried in 
landfills, anaerobic digestion of the 
biodegradable portion of the wastes takes 
place underground. The biogas can be 
tapped by collecting wells drilled into the 
landfill. Iiogas is being recovered at 
several landfills in the U.S. and Brazil. 

PART TI-TREE:
 
BEN EFITS OF 13IOGAS PLA NTS
 

1. The Uses of liogas 

Cooking 

In developing Countries more biogas is 
used for cooking than for any other 
purpose. Most of this gas is produced in 
family-sized din-esters and used in individual 
households. However, biogas is also used in 
a number of comm unal canteens in China 
and cafeterias in other Countries. 

Unlike gas made through the thermo
chemical conversion of coal or biomass, 
biogas contains no poisonous carbon mon
oxide. It is odorless and burns with a clean 
bluish, and sootless flame. lowever, proper 
combustion requires the pre-rn ixing of 
biogas with air in a suitable burner. Burners 
intended for use with coal gas or lP gas are 
designed to operate at a Much higher 
pressure than is produced by biogas plants. 
In the early years of the Indian biogas 
program, inefficient burners were made of 
tins which had held cigarettes or shoe polish;
these consumed a great deal of gas, the 
Cooking was slow, and the gas supply was 
often exhausted before the meal was ready. 
The Indian biogas agency, 1, \TIC, designed a 
cast iron burner with a gunnmetal injector 
which pretnixes the air tmnd gas. It operates 
at about 60'0 efficiency and costs $12 to 15. 

'Ihe Chinese developed burners made of 
fired cley; these cost less than $2 but their 
efficiency is below 40(1,,. The Chinese also 
use a Ceramic biogas stove; a sunken recess 
for a cooking pot holds the heat atound the 
sides of the pot. A major goal of the 
Chinese biogas research program, outlined 
to a UN conference in 1981, was increasing 
the heat efficieney of' biogas burners, 
stoves, and lamps from 40W% to 60%. Indian 
biogas organizations are also giving a high 
priority to developitg lower cost but 
efficient burners, especially procelain units. 

Lighting 

Illumination can be provided by burning 
the gas in a gas lamp or by using it to 
generate electricity. Lamps made for use 
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with coal gas are not suitable for biogas 
because of the lower gas pressure and the 
difficulty of handling fragile gas mantles in 
rural areas. In India KVIC has developed 
biogas lamps using ordinary silk mantles 
similar to those used on "Petromax" 
lanterns. They provide approximately 100 
candlepower illumination and consume about 
0.07 m (or about 70 liters) of gas per hour 
per mantle. The Chinese have developed a 
biogas lamp using the lower half of a mantle 
from a kerosene pressure lamp. 

Biogas is burned for lighting mainly in 
individual households. Community lighting
has been included in at least one of the new 
community-scale biogas systems in India. 
Biogas from night soil and cow dung is used 
to light twelve lamps for community
lighting at a refugee camp in Nepal. 

Heating 

Biogas can be used to heat air and water, 
although such applications seem relatively 
rare in developing countries. The biogas
research group in Uttar Pradesh in India 
designed a room heater for use with biogas. 
The gas is burned as it comes out of 12 holes 
in a 30 cm piece of iron pipe; wire mesh 
surrounding the pipe becomes red hot and 
radiates heat into the room. In several 
developing countries biogas is used to heat 
incubators and structures housing chicks and 
piglets. Water heated with biogas is used 
for dairy operations on several large farms, 
A propane bath water heater was modified 
to operate on biogas in Taiwan. 

Refrigeration 

Refrigerators designed to operate on 
propane or kerosene can also use biogas. A 
12ft 3 kerosene refrigerator ran for eight 
months on biogas in Nepal using a specially
designed bunsen-type burner; gas con-
sumption was approximately 100 liters per 
hour. An agricultural cooperative in 
Gujurat, India, established a community cold 
storage plant with biogas-fueled refrig-
erators. Researchers at the National 
Taiwan University built a three-ton 
(9,000kcal per hour) cold storage unit which 
consumes 7 m3 of biogas per hour; the gas
production needed for the cold storage 

unit requires the wastes of 600 hogs in the 
summer and 800 in the winter. Biogas made 
mainly from millet stalks provides 
refrigeration for vaccines and medicines in 
a small rural hospital in Upper Volta. A 
USAID-supported energy research program 
in Rwanda included testing of biogas-fueled 
refrigerators. 

Mechanical Power 

Both gasoline (petrol) and diesel engines 
can be converted to run mainly on biogas. It 
is extensively used in engines and 
engine-generators in China, and such 
engines are becoming more numerous in 
other developing countries. Mechanical 
power for water-pumping, fodder-crushing, 
grain threshing, flour-milling, and similar 
purposes is provided by biogas-fueled 
engines on between 600 and 700 Chinese 
farms. 

A petrol engine can be modified to run on 
biogas by drilling a 1/4" (7mm) hole in the 
carburetor near the choke; the tube is 
inserted which is connected to the gas 
supply via a control valve. The engine is 
started on petrol and then switched to 
biogas. 

A diesel engine is most easily converted 
to a dual-fueled engine which will run on a 
mixture of about 10 to 20% diesel oil and 80 
to 90% biogas. The gas is fed in between 
the air intake and the engine; after the 
engine is started on diesel oil, the gas valve 
is opened very gradually and the engine's 
governor automatically reduces the intake 
of diesel oil. The Rural Industries 
Innovation Center in Botswana replaced 82%
of the diesel oil with biogas on a 5 HP 
Kirloskar engine and 87% of the oil on a 
6 HP Lister engine. 

Indian companies now manufacture diesel 
engines designed to run on biogas, including 
low speed (600 RPM) and high speed 
(1500 RPM) models. These engines use 453 
liters (or 0.45 m 3) of gas per horse-power

3per hour. In Nepal 14 m of biogas, 
produced daily from the dung of 24 
buffaloes on one farm, is sufficient to run a 
5 HP IKirloskar dual-fueled engine for eight
hours; it pumps 50 liters of water per minute 
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up a seven meter head from stream to 
irrigation channel. The Livestock Research 
Institute in Taiwan pumped up to 16 m 3 of 
water for each m? of biogas used in a 
gasoline engine. 

Petrol and diesel engines do not develop
their full rated horsepower when used with 
biogas, which is only about 60% methane. 
Engine performance can be improved
through various techniques for the removal 
of cabon dioxide. Water scrubbing is easiest 
but requires large quantities of water. The 
gas can be bubbled through calcium 
hydroxide (lime water) which is relatively 
inexpensive, but large quantities of 
precipitate are formed. Sodium hydroxide is 
more convenient but more expensive, 
Recently researchers at the Indian 
Agricultural Research Institute and the 
National Cheng Kung University in Taiwan 
have successfully tested biogas scrubbing 
with monoethanolamine (MEA) which is 
widely used for CO 2 removal in industry. 

Most of the technical literature states 
that, in order to prolong engine life, 
hydrogen sulfide (H2S) should be removed 
from the biogas before use in the engine.
The most common technique is to run the 
gas through iron oxide, which is usually
mixed with an inert material such as wood 
chips. The Institute of Electrical Research 
in Mexico filtered 800m 3 of biogas with 
10 kg of iron filings; the filings were ready 
to reuse after exposure to air for four days. 
In the ICAITI digester design in Central 
America, a plastic tube filled with iron 
filings and wood chips is inserted into the 
gas line following a moisture trap. The 
University of the Philippines in Quezon City
and the National Research Center in Egypt 
are studying the use of various bacteria for 
biogas desulfutization. There is not total 
agreement, however, on the need to remove 
H2S from gas used in engines. Biogas
pioneer L. John Fry ran a 13 HP diesel 
continuously for six years in South Africa on 
unscrubbed biogas and felt that the engire 
had not been harmed. Many of the reports 
on the use of biogas in engines make no 
reference to H2S removal. (Note:
information is requested from readers on 
biogas use in engines and H2 S and CO 2 
scrubbing). 

Electrical Power Generation 

Biogas-fueled engines run electrieal 
generators at 200 to 300 of the larger biogas 
plants in China and a few larger plants in 
other developing countries. Most of the 
generators in China seem to be in the 6 to 
12 KW range, although one visitor reported a 
70 KW unit on a large farm. Some of the 
engine-generator sets draw biogas from a 
series of inter-connected digesters, while 
others obtain gas from a single large plant. 

The world's largest biogas power plant 
uses night soil as the feedstock at Foshan in 
China's Guangdong province. About 170 
tons a day of night soil is fed to 28 
inter-connected 47 m 3 digesters. The 
plant has a total digester volume of 

3 31316 m and produces 720 m of biogas
daily which is stored in two flexible plastic 
gasholders. Gas production is thus about 
0.54 m 3 per m 3 of digester capacity. 
The methane content is rather high (71 to 
72%). The gas is used in two diesel 
engine-generator sets to produce about 
90 KW of electricity. 

Two of the biogas-fueled engines at Maya
Farms in the Philippines produce electricity 
in a 12.5KW generator and a 60 KVA unit;
the power is used in a meat processing 
plant, dormitories, and canteen. A diesel 
engine running on biogas was used to 
generate power on the Hutchison farm in 
Kenya in the late 1950's, and some of the 
140 biogas plants subsequently built in that 
country were used for on-farm power
generation. The Rural Energy Center built 
by the UN Environment Program in a village 

3in Sri Lanka includes a 89.5 m digester 
designed to supply gas to 37.5 and 12.5 KVA 
engine-generators. At a community biogas 
plant built with UNICEF funds in Uttar 
Pradesh some of the gas is used to generate
electric power for lighting homes and 
streets, although the use of biogas for power 
generation in India ic- relatively rare. Gas 
from a 60 m 3 digester in Rwanda will be 
used in a 12 KVA generator to provide for 
the electrification of an adjacent village. In 
Dhanusha, Nepal, gas from a 14 m 3 

digester will fuel a 3 KW generator on an 
integrated farm; the power will be used in a 
fruit processing plant by day, for household 
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light in the evening, and in a water pump as 
needed. 

When biogas is used to generate 
electricity, conversion efficiencies are 
usually lower than 25%. Estimates of the 
gas needed for electric power generation 
have ranged from 0.55 to 1.1 n' 3 per 
kilowatt hour. 

2. The Uses of Slurry and Sludge 

Fertilizer 

The value of both digested slurry and 
sludge from the bottom of the digester as 
fertilizer has been clearly established by 
experiments in many countries. A Phil-
ippine research institution reported that 
vegetables and pasture grass irrigated with 
slurry grew taller, greener, and more 
vigorously. In Colombia tomatoes fertilized 
with digester slurry grew much more rapidly 
than those growing in a mixture of soil and 
manure. The Kibbutz Industries Associaton 
in Israel reported a 15 to 20% higher corn 
production with slurry than with undigested 
manure. One Indian wrote of a 50% 
increase in rice producton due to slurry use. 

Virtually all of the nutrients in the 
original feedstocks are retained in the slurry 
and sludge. A part of tile organic iitrogen 
is converted to ammonia nigrogen, which is 
readily available for plant use. The Indian 
Agricultural Research Institute found that 
about 15% of the nitrogen in digested cow 
dung was in the amionia form, tile National 
Research Center in Egypt reported that up 
to 25%" of the nitrogen in Manure may be 
converted to anmmmonia nitrogen. T1is 
conversiot, is a riixed blessing. Animonia 
nitrogur will volatilize it' the slurry is stored 
in an open tank or lagoon. If the slurry is 
spread on the land and allowed to (1ry 
without mixing into the soil by cultivation 
or rainfall, virtuilly all of' the a in inonia 
nitrogen will be lost to tile atiroshpere. 

These nitrogen losses can be avoided by 
incorporatinri the slurry and sludge prollptly 
into the soil. In India NVIC states that the 

most profitable use of' the digested slurry is 
to inix it irmmediately witl, irrigation 

-

water. The NRC in Egypt found that only 
2% of the nitrogen was lost when the 
digested slurry was absorbed into silt, 
although the resulting product had a lower 
percentage of organic matter and nutrients 
than tie unmixed slurry. In India, where 
most digesters cannot use plant materials 
directly, the digested slurry is often used 
for the rapid conposting of crop residues 
and plant materials. 

Under some circumstances the soil 
conditioning benefits of the dried slurry may 
be more important than the addition of the 
maximum quantity of nitrogen. Wet or dry, 
the digested slurry still contains 70 to 80% 
of the organic matter of the original feed
stock; this humus improves the aeration and 
water-holding capacity of the soil and may 
keep the plants alive during a drought. 
During the wet season, soil conditioning may 
be more desirable than adding slurry, which 
is mostly water, to soils which are already 
waterlogged. In tests conducted by IARI in 
India, average yields of rice fertilized with 
dried slurry were 21% higher than those of 
rice grown with wet slurry. A biogas 
manual published in Nepal states that dried 
slurry is preferable to liquid slurry for use 
as a fertilizer. 

Sludge from the bottom of the digester is 
also an excellent fertilizer. In India, where 
fibrous materials are avoided, sludge 
accumulates slowly. While a few owners 
remove sludge regularly, most plants are 
rarely cleaned. Only six of 174 plant owners 
surveyed by the Indian Institute of 
Mlanagement had ever cleaned their plants. 
Due co the narrow inlet and outlet pipes, 
sludge can be removed from the "Indian" 
plants only by removing the gasholder. 
Because of the extensive use of plant 
materials in China, more frequent sludge
removal is necessary. In areas which 

produce both rice and wheat the sludge many 
be removed twice a year -- once in the 
spring to fertilize the rice strouts and again 
in 'he fall when winter wheat is planted. In 
most other areas the digesters are 
conmpletely cleaned once a year. A biogas 
publiication fronh Szechunn recormends tle 
use of liquid ammoniia, ime, or' other 

cheniicals to disinfect the slrdge before it is 
used. 
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In the circular Chinese digesters, some 
sludge can be removed diagonally through 
tile outlet chambers; full cleaning requires 
entering tihe chamber through the manhole 
on the top of the digester. lowever, the 
flat-top, rectangular digesters built in 
Szechuan and the "Janatal" version o1' the 
Chinese digesters in India have no manholes, 
and sludge can be removed only through the 
outlet chamber. The Janata model has a 
step half-way down in the outlet chalmnber 
which a worker can stand on while removing 
sludge. 

Several of the newer rectangular 
digesters provide vertical access to the 
bottom of' the digster through the outlet 
chamber. The Szechuan fixed-top digester 
has a removable drop board which fits into a 
slot between the main chamber and the 
outlet chamber and blocks the lower part of' 
the passageway. This board permits the 
removal of 'Most of the slurry for use as 
fertilizer during the spring or fall planting 
without disturbing the sludge which contains 
pathogens and parasite eggs. The board is 
removed when sludge removal is neeessarv. 
Alternatively, the digester nay have an 
"applied excreta tank" connected to the 
outlet chamber by a small opening above the 
sludge level; the slurry ;s removed from this 
tank without distumbing the sludge which 
extends into the bottom of the outlet 
chamber. The Chinese rely heavily on these 
physical separation techniques to avoid the 
premature use of sludge containing only 
partially digested human wastes. 

Livestock Feeding 

Digester effluent has been used as a 
supplementary feed for livestock in several 
countries. Maya Farms initially tried adding
dried sludge from digested pig manure to 
the feed for 300 pigs and found that it could 
be used for ip to 15% of the feed mix. 
When drying the sludge became difficult and 
expensive in the rainy season, wet solid 
sludge was tried; the pigs ate it voraciously 
and Maya Fams now uses only wet sludge as 
a feed supplement. The Kibbutz Industries 

feed for sheep, cows, and calves; the 
animals gained weight normally. In the 
U.S., Biogas of Colorado, Ine, reported that 
their feeding trials with digester slurry 
indicated that it was possible to produce a 
valuable and low cost cattle feed from 
feedlot wastes. 

Several institutions in the Philippines 
have experimented with the use of digester 
effluent to grow high-protein algae, which is 
then used to replace soybean meal as a 
high-protein supplement in livestock feed. 
The Tarlae Swine Breeding Station used 
effluent from a large digester to grow 
ehorella algae in a very shallow pond; the 
algae contained 38 to 40% protein. Studies 
of the value of chorella as a feed 
supplement for cattle were conducted at the 
Alabang Stock Farm. Maya Farms tried 
growing chorella with digester slurry and 
using the algae for pig feed. However, the 
cost of harvesting, drying, and grinding the 
chorella proved to be greater than the cost 
of the soybean meal it replaced. 

Fish Feeding 

Maya Farms found that tilapia fish grew
fat when released in their chorella tank; now 
algae are grown in fish ponds fertilized with 
digester slurry, and the fish eat the algae. 
The Kibbutz Industries Association in Israel 
used high-solids slurry directly as a food 
supplement for fish breeding and saved 50% 
of the cost of commercial feed. There was 
no loss in the rate of growth of the fish and, 
due to the low biological oxygen demand 
(BOD) of the slurry, the oxygen levels in the 
fish ponds with slurry were slightly higher 
than in the control ponds. 

3. Other Benefits of Biogas Plants 

Organizations promoting the production 
and use of biogas in developing countries 
have cite, many benefits derived from 
building biogas plants, in addition to the 
various uses of the biogas, slurry, and sludge. 

Associalion in Israel, which operates Health benefits are especially important 
digesters successfully wit;, solids con- where digesters receive human wastes which 
centrations of 15 to 18%, has used this were formerly left in the open or spread on 
concentrated slurry for 15 to 20% of the the fields as fertilizer. 13iogas plants 
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motivate rural people to build and use 
latrines. Odors, flies, and mosquitoes are 
eliminated. Digestion greatly reduces the 
number of pathogens and parasite eggs in 
animal and human wastes. Smoke is 
banished from the villager's house, the 
cleanliness of 'he household is enhanced, 
and eye and lung diseases caused by smoke 
are eliminated. The pollution of rural water 
supplies is greatly reduced. Since digested
slurry has a much lower biological oxygen 
demand (BOD) than untreated wastes, the 
digestion of the wastes helps maintain 
oxygen levels in ponds and streams and thus 
supports a larger fish population. 

Social" benefits relate mainly to saving
labor. Biogas plants usually require less 
labor to operate than would have been 
needed to obtain the same amount of energy 
from traditional sources. The plants often 
eliminate the need to walk long distances in 
search of fuelwood. They eliminate many 
disagreeable tasks connected with the 
handling of human wastes and dung,
ineluding the forming of cow dung into 
patties by Indian women for drying and 
burning as fuel. Biogas can be used to 
mechanize some agricultural tasks (water
pumping, grain grinding, threshing, ete) 
which would otherwise require much labor. 
The time saved in these various ways can be 
used for other economically or socially 
useful activities. 

Macroeconomic benefits of biogas 
programs can be significant in terms of 
national economic and development goals.
Biogas can be used to replace kerosene, 
propane, gasoline, and diesel oil. In 
oil-importing countries, biogas production 
reduces the imports of these fuels. In 
oil-prodicing countries, it can free 
petroleum products for export. The 
construction of biogas plants creates 
employment and income where they are 
most needed, i.e., in rural areas. By
providing new sources of heat, light,
mechanical energy, and electricity, biogas
plants can contribute significantly to 
economic development and the improvement 
of the quality of life in rural areas. 

There is little doubt or controversy about 
most of these health, environmental, social, 

and macroeconomic benefits, although they 
do not apply in equal degree in every 
country and situation. However, there is 
much less agreement on the economic 
benefits of a family-scale biogas plants for 
the individual owner. The World lHnnk noted 
recently that "Although there has been no 
dearth of studies on the economies of 
biogas, no consensus has emerged.
Cost-benefit analysis of the comparatively
well-documented Indian experience has 
yielded various coneusions, reflecting widely
different assumptions made about the cost 
of dung, the quantity and value of the labor 
required to operate the digester, Lnd the 
value of the gas and sludge as fuel and 
fertilizer." Moreover, these cost-benefit 
studies tend to underrate the health, 
environmental, social, and macroeconomic 
benefits of biogas plants. These are 
benefits to the community as a whole which 
are not easily factored into the calculations 
of the "cost effectiveness" of a given 
individual investment. 

REFERRAL SERVICE 

Space limitations in this report have 
precluded the inciusior, of names and 
addresses of individuals conducting biogas 
research prc iects and the full addresses of 
biogas agencies and research institutions. 
However, the name and full address of the 
key person responsible for any study or 
project mentioned in this report will be 
provided on request to the Office of Energy
(see p. 1). Alternatively, a letter requesting 
information on a specific study or project 
will be forwarded directly to the 
appropriate person, with a confirming notice 
to the sender. 

Illustrations: The "Indian" digester on p. 3 is 
from "Biogas Plants" by the German 
Appropriate Technology Exchange. The 
"Chinese" digester on p. 6 is from the Nepal
Biogas Newsletter. 
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PLANNING LARGER-SCALE 
BIOGAS PLANTS 

Most of the published material on biogas
deals mainly with family-scale plants. 
Hlowever, some general principles have 
emerged which should be considered by
those contemplating the construction of a 
sizeable plant to serve the energy needs of a 
large farm, community, institution, agency 
or firm. 

Organizational auspices: Larger-scale 
plants should be planned, built, and operated
by organizations which have a moderate to 
high level of technical and management 
capability. At this stage of biogas 
development, every larger plant is 
experimental in some degree. Later, when 
designs and operating modes have been 
perfected, these organizational require-
ments may be les:; crucial, 

Access to comparable experience: Those 
planning larger-scale plants should seek full
information on the experience of other 
organizations with somewhat comparable
plants and feedstocks. In many cases this 
mformiution will be available only from 
other countries. Present channels for 
international sharing of' experience with 
larger biogas plants are rather limited. (See
"Referral Service, p. 22). Nonetheless, it 
may be very important to obtain 
information about similar projects in other 
countries and evaluate it carefully in light
of local conditions. 

Availability and ownership of feedstocks: 
Most larger plants have been built in 
locations where the feedstocks to be used 
were already available and were owned by
tile organization which owned and operated 
the biogas plant. If feedstocks must be 
collected from other locations and/or
purchased from or contributed by individual 
farmers, critical problems of collection, 
delivery, pricing, and total costs may arise, 

Scale of plant: The size of a plant should 
be carefully considered in relation to the 
availability of feedstocks, the relative 
priority of high gas production and 
completely digested effluent, and the 
planned uses of the biogas. Bigger plants 

are not necessarily better plants. In some 
cases feedstock limitations have led to low 
loading rates which automatically result in 
longer retention times and lower gas
production rates per unit volume of 
digester. However, too high loading rates 
will reduce the gas production per volume of 
feedstock and limit the environmental ano 
health benefits derived from more fully 
digested effluent. 

Construction materials and techniques:
The choice of materials and construction 
techniques for a larger plant will depend on 
the design of the digester and the 
availability and cost of materials, skilled 
labor, and necessary equipment. There are 
few well-established guidelines for the 
design or construction of larger plants, so 
decisions should be made with care. With 
"Chinese" or related designs in which the 
gas is trapped within masonry structures, a 
high priority should be given to techniques
for preventing gas leakage. 

Uses of biogas: A plant will be considered 
successful only if it supplies a sufficient 
quantity of gas for the prime purpose or 
purposes for which it was built. The planned 
use should be consistent with the size of tile 
plant, planned loading rates and retention 
times, and conservatively estimated gas
production rates including expected seasonal 
variations. Great or total dependence on 
full-scale gas production should be avoided; 
the plan for the project should provide other 
sources of energy (i.e., use of wood for 
cooking or use of more diesel oil in a 
dual-fueled engine) for periods when gas
production is reduced or suspended for any 
reason.
 

Ownership of biogas and fertilizer: The 
biogas, slurry, and sludge produced by most 
large plants have been used within the same 
organizational entity which owns the biogas 
plant. Difficult jocial and economic 
problems may arise when biogas, electricity 
generated with biogas, or fertilizer must be
priced and sold to other organizations or to 
individuals. 
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A REQUEST FOR INFORMATION 

Three additional Bioenergy Systems 
Reports will be published in 1982. The 
second Report, to be distributed in June, 
will focus ol the therioehemical conversion 
of biomass including direct coniibustion, 
thermal gasification, and pyrolysis. The 
third Report, due in September, will review 
projects and potentials for the production of 
alcohol fuels in developing countries. A 
"Biogas Update" section will review 
nformation on biogas projects received 
after the deadline for this Report. The 
fourth Report, to be published in December, 
will review social, cultural, institutional, 
econonie, environmental, and educational 
aspects of bioenergy development. 

Organizations considering or planning 
bioenergy projects are urged to send papers 
or reports on these projects to Bioenergy 
Systems Reports, p.o. Box 591, Front 
Royal, Virginia (USA) 22630. The Editor 
takes this opportunity to thank all those who 
have provided information for this initial 
Report. 

A BIOGAS LIBRAI{Y 

Methane Generation from Human, Animal, 
and Agricultural k\astes, 1977, 129 pp. 
Board on Science and Technology for 
International Development, National 
Academy of Sciences, 2!01 Constitution 
Ave., Washington, D.C. (USA) 2(1418 (A 
USAI )-funded review of' the technology of 
anaerobic digestion as utilized in developing 
countries.) 

State-of-the-Art leview: Methane Fernen-
tation of' lionmass, 1980, 290 pp., Olympic 
Associates Company, Seattle. (A 
comprehensive review of the current state 
of development of biogas technology, 
prepared for All): copies may be requested 
through USAl)in issions.) 

Fuel Gas fl'rom1 Cowdung.,, by 13. R{. Saubolle, 
S. J., and Andreas lBachmann, 1980, 76 pp. 
Box 113, Kathliandu, Nepal. (The best 
manual on the operation of "Indian" plants 
plus constMuction plans for several "Chinese" 
models.) 

-

A Chinese Biogas Manual, 1979, 135 pp. 
Available from VITA, 3706 Rhode Island 
Ave., Mt. Rainer, Mid. USA 20712, $9.95, 
plus 100%6 for postage and handling within the 
U.S. or 40% for foreign surface mail or 60% 
for air mail. (Translation of a Chinese 
manual on the construction and use of 
biogas plants). 

G,:idebook on Biogas Development, 1981, 
United Nations document S&T/ BSOMP/96, 
Sales No. B 80.11.F./10. $1 1.00. (A 
handbook on the construction and operation 
of small-scale plants,. based on a UN 
seminar in Bangkok and a UN study tour in 
China). 

Biogas Plants: Building Instructions, 1980, 
64 pages. Getman Appropriate Technology 
Exchange, FosJfach 5180, D-6236 Eschborn 
1, West Germany. (Detailed instructions 
with blueprints for construction in "Indian" 
and "Chinese plants). 

Compost, Fertilizer, and Biogas dro
duction in the People's Republic of China, 
1978, 93 pp. International Development 
Research Center, Box 8500, Ottawa, Canada 
KIG 3119. (Translations of Chinese articles 
on the construction and use of a flat-top 
digester and on excreta treatment in biogas 
plants). 

Biogas Technology in the Third World, 1978, 
129 pp. I[)RC, Canada. (A 
multi-disciplinary review of technical 
options, social and economic aspects, and 
the status of' biogas systems in Asian 
countries.) 

Biomass lnergy 
13erga mon Press, 
10523, $27.51. 
participants of 
management of 

Projects, 1981, 183 pp, 
EIlmsford, New York USA 

(Accounts by key 
the planning and 

biogas programs in the 
Philippines and Fiji). 

International IPio-Emergy )irectory, 1981, 
1201 pp, Bio-lergy Council, 162i Eye 
Street N1\, Washington, I).C. 20(106, $90.00 
('T1he inost comprehensive directory of 
bioenergy projects around the world). 

24 


