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PREFACE

Por the past 30 years, the United Mission to Nepzal fras sought to meet
the basic needs of people in Nepal, telated to the areas of medical,
educational and economic development., Its nersonnel have come from
many different lands with various qualifications ané skills, working
toward the enablement of people by offering opportunity and training,
Tnere hasg been a mutual learnirg and sharing experience, resulting in
projects and programmes whicn emphasise service towards others and the
equitadble sharing of benefits among the less advantaged and privileged.

Biogas is one area of the developnent and sharing of approoriate
technology which is geared 1o making renewable energy resources availe-
able to those who neeg them, For the past 7 years, the Development

and Consulting Services of UMN, at Butwal, has asaigned and superviged
the research and development of improved biogas plants and appliances,
striving to make this equipment more efficient, effective and econome
ical, Design work and production of biogas plants and appliances have
been closely monitored oy DCS engineers and technicians in the
laboratory and workshops, as well as in the field, Testing of the
rerformance of installed biogas plants and related equipment has been
oriented to the customers on the farms of Nepal and it has been carefully
monitored to ensure not only quality control, but also quality of
operation,

This book describes the concept, purposes, implementation, constant
revision, and implications of the whole process and ite history.

Amply illustrated ang informative, the book records the achievements
(and failures) of a dedicated task force which has peraisted in a

quest for advancing a technology, despite limited facilities, They have
also gone beyond the mere mechanics and technicalities to address the
économic, social and Danagement aspects of biogas technology in the
context of Nepal as a culture and society seeking development goals.

May 1 take the opportunity to commend the authors of this material
for so ably documenting the biogas story and for the untiring efforts
they have made., Commended algo are the Tradesmen and Techniciang of
Nepal, without whosge help much would have not been accomplished, This
book is a testimonial to a joint venture of Nepali and Expatriate
Cooperation at DCS in Butwal.,

Kathmandu Al Schlorholtz
January 1984 Ecouomic Development Secretary
United Mission to Nepal,
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etter Meaning Units |Page
a Atmospheric Pressure 10330 kgémmg 6.15
A, Area of an orifice m, 1.9
A Area of a flame port or pipe fitting | g 7.1
Pe Gas production per kg. volatile solids 'm”/kg 5.3
Cd Discharge Coefficient of ar oritice - 7.9 .
C Calorific Value of biogas 5.14  |kCal/1 [7.10!
a & Proportion of dry matter in feedstock % 5.3
dO Diameter of an orifice ¢ mm To111
dy Diameter of a throat ! mm !7.11'
D Diameter of a pipe (see ID, 0D, ¢) " om 6.6
f Praction of velitile solids in feedstock - 15.3
i Priction factor for fluid flow in a pipe L= o 6.6
g Acceleration due to gravity 9.81 im/gec” 8.9 |
H Height to which water is rvimneq b m 18,3 |
H Heat supplied by a burner kW 17,10 |
Ha Heat availavble from a burner kW C7.10
I Area of land to be irrigated ha 18,10
1D Internai Diameter of a pipe or biogas plant mo_, ! !
k Reaction constant for the production of biogas |day” 5.3
k Constant related to the smoothness of a pipe - 6.6
K Pregsure losa coefficient for fittings - 8.5
L Length of pipe through which fluid flows m 6.6
m Mass of feedstock put daily in a biogas plant |kg/day |5.3
M Molecular weight of biogas 27.351 |kg/molel 6.6
n Number of hours/day a pump is used hr/day [8.10
92 Diameter (internal or external) m
0D Outside Diameter of a pipe or biogas plant m
p Pressure of biogas mm WG2 6.3
P Pressure of biogas kg/mm“ | 6.6
P Power requirement for pumping water HR,kW [8.9Y
Q Flow rate of a fluid along a pipe m°/sec |6.6
Q Flow rate of a fluid along a pipe 1/min |6.6
q Pregsure function - 6.6
r Entrainment ratio for a biogus burner - 7.11
R Retention time for slurry in a biogas plant day 5.3
Re Reynold's number -~ measure of fl1 d flow - 6.6
R Gas Constant 8314 J/%g/°k| 6.6
G| Specific gravity of biogas 0.94 - 7.9
8 Scale factor - uged with nomograph - 3 6.6
S Peedstock concentration in a biogas plant Bg/m 53
T Absolute temperature (°C + 273) K 6.6
t Time for biogas to leak from a pipe min 6.15
u Velocity of a fluid in a pipe m{sec }6.6
v Volume of slurry daily input in a biogas plant [m”/day |5.3
Vg Pluid velocity through a flame port m/sec 7.12
v! Rate of loss of biogas through a leak lémin 6.15
v Internal volume of a biogas plant m 5.3
v Internal volume of a pipe 1§t 6.15
Vw Working volume of a displacement digester m
Table B,1 List of Variables used in the Book.






EXPLANATIONS
Tne notation used in tne drawings and equations 1n Lhis vook follows
international practice as far as possibDle.

Almost all dimensions are shown in millimetres, with 1 gap Detween
the metres and the millimetres, ie. ! 570,

4 few dimensions (such as for GI pipe) are in incnes, shown as: in or ",

.
ireas are in square =mi1llimetres: 5q .M orgmm‘, 6 )
Or 1n square inetres: sq.m or m<: 14m2 = 1,000,000 or 10" mmn“,
1 nectare of land area = 10,000 or 107'm*.

Volumes are in cubic millimetres: cu.mm or mmj b 5
or in litres: lit, or l. : 1 13= 1,C90,000 or 10" my’
or in cubic metres: cu.m or m”’: 1 m’ = 1,000 or 107 1,

Mass is riven in kg, or tonnes (1 tonne = 1,000 kg.)
Flow rate is given in lit/min or m3/sec. 1 mi/sec = 00,000 lit/min,

lfolerances are not usually shown on drawings, but can ve inferred from
the way in which the dimensions are written.

Dimensions for masonry are shown rounded to the nearest 10 mm (1 570),
which implies that the tolerance is: + 5 mm,

Dimensions for machined parts, such as for gas stoves, are shown
rounded to the nearest 1 mm (52), implying a tolerance of + 0.5 mm,

Some dimensions are shown to the nearest 0.t mm (12.3), implying a
tolerance of + 0,05 mm.

When a drawing is of the outside of an object, in elevation, only the
outline is drawn. If an object is shown in gection, to reveal internal
details, the sectioned parts are shaded to indicate the material froa
which they are made., A key is given in Pigure E.t,

=3 Brick Concrete
Concrete or Plaster
Steel or other Earth

Brass Stainless Steel
Plastic B Rubber
Liquid B3 Loose Stones

ey Plaster or Ceramic

% \

Thread

\\*

Thread

Section Elevation

Figure E.1 A Key to the Shading of Different Materials used in
Drawings; also to how Screw Threads are Indicated.
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Chapter 1. USEFULNESS OF BIOGAS TECHNOLOGY D. Fulford

The need for alternative sources of energy to those cormonly uged at
present, such as petroleum oils or wood fuel, is now recognisued by

The high increagses in the price of oil-based fuels over the last

decade has meant that a large proportion of the Gross National Product
(CNP) of most non-oil producing Third ¥orld countries is being spent

on these fuels, Energy is required to help the people of these countries
to deveiop, but neither the majority of the people or the national
economies of these countries can now afford to buy more oll-based fuels
%o fora the basis for development,

A fuel crisis also exists in the supply of traditional sources of energy.
Increasing population prespures mean that wood fuel from trees in most
£arts o the world is now bein used faster than it can replace itgelf
by natural growth (Agarwal §. This demand for wood, coupled with
cormercial explolitation of trees for construction, pulping and other
uses, means that forests are being destroyed at a high rate. Poor people
lose out in *wo ways: not only cannot they develop, hecause of the high
cost of petroleum fuels, but their traditional life-style is threatened
ag wood fuel becomes leag available,
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Figure 1.1 The Energy Resource ProLlem



As populations increase, more food must be grown, and more land uged
for agriculture. More fertilizer must be used to maintain the fertility
of the soil. These demands make the fusl prodlem even worse, ag new
agricultural land must come from the forssis. As wood becomes lerg
available, people turn to other fuels, such as dried cattle dung end
¢rop wastes, waich could have been composted to give fertilizer, These
fuels are also very inefficient, giving a poor smokey flame,

All these problems are present in Nepal, which is one of the poorest
countries of the world. Iney are more complex, here, because of the
geographical and socio-economic position of the country. Inport of
petroleur oils is expensive and difficult, as Nepal is land-locked
and a terrain of steep rugged hills, with few roads, makes tranaport a
problem, .is forests are cleared, for wood fuel and cultivation, the
steep olopes become unstable; top-soil is washed away in the mensoon
raing and landslides destroy land, crops and homes. Increased water
run-off on deforcsted slopes means floods Turther down-stream in the
mongoon and less water svsorbed and stored underground to supply gprings
and streams for the dry season. A natural cyele of flood and drought
is intensified. People are not only short of fuel and food, but water
also.

There is no easy solution to these complex problems, However, biogas
is one technology that might provide the basis for a partial answer,

A biogas plant can provide a good, efficient fu¢<i, and also a well
composted fertilizer from the same scurce of animal dung and crop
residuea. If biogas could he widely used in idepal, and in countrics

In a pimilar pozition, people could use their dung and crop wastes for

Fertilizer ,Q
for Crops |/

s

","”// Yy 5 .
z./ﬂ77424274h
. 2/‘/// )
P ITIR I //.‘/”/ .
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ey
e
/.
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Dorrestic biogay—"" Fual for
IS {J_ Fuel Needs = — Ueveleprment

Figure 1.2 Use of 2logas Technology
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fuel, in a way that would not deny their land fertilizer. Properly used,
biogas would not only help people overcome problems caused by wood fuel
shortage, but it could also provide energy for development. Biogas can
be used to run cottage industries and other money eamming activities.

The work of spreading & new technology, such as biogas, s0 it can be
widely used in a country such as Nepal, invclves many different activite
ies. Develrpment and Consulting Services of the United Mission to Nepal
has been involved in this work since 1974, in both extension and in
developing ir.;roved biogas technologies, and this baok is a sharing of
our experien:.z,

Biogas Process

¥hen a cow eats grass, 1t digests the food in its gut, after breaking

iv up with its teeth., The process of digestion, the breaking up of
complex food-gtuffs into simpler chemicals, is assisted by a population
of bacteria that live in the cow's gut. Some of these bacteria are
'methanogens', which turn certain of these chemicals into gases, such

as biogas. Some of these bacteria are excreted with the dung, and can
continue the process of digestion if given the right conditions: similar
to thege in a cow's gut. If light_and air_are excluded and they are kept
at a warm temperature (between 20~ and 40°C), the bacteria will make
biogas until their food (the substrate) is used up.

These conditions can be met in a hole in tne ground, lined with brick

or cement, to keep the mixture from leaking out, with a suitable
arrangement for collecting the biogas. The correct temperature will

only be found in tropical or sub-tropical areas, unless some system is
used to heat the mixture of dung, foodstuffs and water (called a slurry)
and to prevent heat luss.

Cattle dung, containing the right bacteria to give biogas, is the most
comaonly used feedstock. In (ndia and Wepal, biogas is called 'gobar
gas', as 'gobar' is the Nepali, and Hindi, word for cow dung, and it
also has a special significance in the Hindu religion.

Other feedstocks can be used to produce biogas. Pig dung is also good,
althoush it may not contain the correct bacteria. A 'starter’, slurry
from a working biogas plant, is required to start a new biogas plant
using other feedstocks (Maramba), Chicken dung is also a good feedstock,
although a)large number of birds arc required to obtain adequate dung
(Table 1.1).

The raw material, from which dung is composed, is grass and other
vegetable matter, so more gas could be obtained by adding undigestied
plant material to the biogas plant (up to 80% per kg. more: FAO 40).
However, plant material contains lignin, a tough woody material that
the bacteria cannot easily digest. If the vegetable matter is eaten

by an animal, it is broken up mechanically by the teeth, and chemically
by the action of acids and enzymcs in the animal's gut. Some animals,
such as horses and elephants, are less good at breaking down the lignin,
30 their dung, too, containsg more woody, fibrous material, These fibres
can cauge blockages and other problems within the digester., Some plants
guch as water hyacinth, have little lignin, so are good feeadstocks for
blogas plants,

Dung from goats and shesep are rich in nutrients (Yawalker), but it is
in the form of pellets that must be broken up mechanically before they
can be used in a biogas plant. There are few reports of the use of such
dung in biogas plants, probably becuase thege animals roam freely and
the dung is difficult to collect.

Anaerobic digestion (without air) can also be usefully used with wastes
such as sewerage and effluents from industries that process plant and
animal products. Such feedstocks Usually have articular problems of
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lAnimal | Dung/Unit | Blogas/Unit ] Total Volatile | Carbon | Nitrog. | o/N
kg/day litres/day | Solid% So0lid% % %

Cow 14 400480 16-20 | 77 36 1.8 |20 (1)

Pig 5 280-350 25 80 .38 2.8 14 (1)

%hicgen 7.5 420-510 48 77 56 3.7 |10 (1)

109

Human | 0.2 11- 14 15-20 | 90 48 7.1 7 (1

223

Table 1.1 Gas Production for Different Dungs
(llotess (1)- Maramba, (2)- NAS, (3)- Makha jani )

their own and we have not had experience of them in Nepal,

Uses of the Fuel Gas

Biogas is a mixture of methane (50% to 70%) and carbon dioxide (50% to
30%?, With pmall amounts of otner gases, such as hydrogen sulphide,
¥..'ch causes the gas to smell. The methane is a fuel, and burns with g
blue flame, but the carbon dioxide acts only as a dilutant. The gas is
8lightly acidic, if mixed with water, and can be corrosive., The rolative
Droportions of the gaoces depend on .he feedstock for the plant and the
exact populaticn of the bacteria in it. Tho properties of blogas are
given in Tablie 1.2,

Biogas, asgumed “o be 58% Methane (CH4),°42% Carbon Dioxide (C0,),
saturated with water vapour at 30~C and standard;preaaurg.

Calorific Value 5.14 kCal/lit. (4.8 to 6.2 range)

Effective Molecular Weight 27.351 (24 to 29 )

Density 1.0994 kg/m3 (.96 to 1.17)

Specific Gravity (Air 30%) 0,94 (.82 to 1,00)

Viscosity 1.297’::10"5kg.e"1.m"1

Air to Fuel Ratio 5.5 ¢ 1 ( 15% biogas) Stoclhiometric’

Flanmabiiity Limits 9% to 17% biogas in air

Wobbe Nunber 27.7 k¥3/1itre

Table 1.2 Properties of Biogas
( Pritchard, Perry, Weant, Watson Houge)

The nain use of biogas, at present, is for domestic purposes, such asg
cooking and lighting. Biogas can be used in guitable designed burners
to give a clean, smokeless, blue flame, which is ideal for cooking,
Biogas can also be uged in specially designed slghts, similar +o
'Petromax' or other kerosene pressure lamps.

Biogss is a high-grade fuel, which means that it can be used in
internal combustion engines. It is pogsible to uge it in adapted potrol
(gasoline) engines, with a spark plug to ignite the mixture. It is more
usual to use it in "dual~fueln enginos, which are adapted diepel
engines that still use 20% diesel, along with 80% biogas, to provide
ignition. Biogas engines are usually stationary, usged to drive
equipment other than vehicles, asg it is very difficult to store in a
amall space. It cannot be liquified in the Bame way as LPG, 80 1t must
be kept under low pressure in large btalloons, or compressed to a high
pressure to be kept in cylinders. Both have been done (PAD 41, Meynell)
but not in Nepal.
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There are many other possible uses for biogas. In Nepal., it has been
used to run a refri \gerator, of the absorption tyye, (Biogas, Nepal 5)
and to heat an iron for pressing clothes, Larger slzed biogas piants
have been used elsewhere in small commercial operations, such ag in
Procesging animal products (Maramba), in distilling alchohol (FAO 41)
and in drying crops, such as tobaceo (UNIDO, 1980),

Use ot the Slurry

Nutrients are needed by all living creatures. In a well desipned

farming gystem, much of the nutrients from plants eaten by animals and
reople are returned to the 801l in dung. These nutrients are absorbed

by the plants through their roots, s#o they must be seluble in water,

Dung containg many blant nutrients, but it ig only partly digested, and
oo concentrated to be uged directly on the land. It is vsually composted
in pome way, to allow micro~organiems (bacteria and fungi) to ccntinuae
the process of digestion.

Anaerobic digestion in a biogas plant performs some of the functionsg of
a compoot pit, in that it breaks down the Plant materials into glmple
chemicala that can be abgorbed by tha plants. However, it also
concentrates che plant nutrients, so the effluent slurry must be
diluied in some way. Tt algo containg hydi.:ogen sulphide, which is toxic
to plants (Haramba{.

In Nepal, the upual practice is to colleet the biogas effluent into
Pits and allow it to dry. The toxic substanceg evaporate, The dried
manure 1o then spread on the fieldgs. Biogag effluent is free from
cdour, which a similar pile of raw cow-dung amells strongly. It does
not give a good environment for flies to breed (Sathianathan),
Anasrobic digestion algo decimates populations of pathogenic bacteria
and parasites in the dung. Some pathogens dic quickly (McGarry), while
others are reduced, but not destroyed (ilobsen)., Drying the effluent
should comnlete the destruction.

liowever, drying the slurry means that plant nutrients, such as nitrogen
are ilosgt by evaporation into the air, and by leaching, as water drains
from the slurry into the goil. The loss of nitrogen from dried slurry
is 7% to 15% (Idrani), as opposed to 20% to 45% from 2 pile of xaw cow
dung (Yawalker). The sun drying of slurry takes up a lot of space, and
i8 less effective in the mongoon ageascn,

Digested slurry can 1lso be introduced into irrigation canals, so the
water waches it to the land (Biogas Wepal 13). In China, the slurry ip
gouetimes sprayed dircctly onto the fields (FAQ 41). The water dilutes
the slurry and carries it to the crops and also reduces the toxicity of
the hydrogen gulphide (Maramba), This approach meang that slurry does
not need to be ciored, but it ig only useful if the biogas plant is
cloge to an irrigation canal. One problem, noticed in Nepal, is that
more slurry is deposited near the mouth of the canal than the other
slde of the Tields,

The slurry can wloo be added to dry plant material, such as straw or
leaves (Idnani, Sathianathan). The dry material absorbs the water and
Plent rutrients and accelerates the drying.

The fertilizer value of the slurry, when it ig treated in any of these
¥ays, is reported to be good. One farmer in Nepal claims to be saving
8C% of the urea that he puts on his crops. Other Places report an
increase in crop production of 13% after biogas slurry wae used on the
fields (FAO 41),

Other uses of the elurry include putting it into ponds as feed for algae,
vater hyacinth, fish or ducks; using it in hydroponics, where plantsg

%
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‘ i el bed; op
rrown in a nutrienht rich solution pn a grav ; even usine
?ieag a feed supplement for ?iga and chickens, as it containg Vitamfng
and growth promoting agents (Maramba),

Advantages and Disadvant&geo of Biogas

a2 high grade fuel and a good manure ferom the game input or animal duné
and crop residues. The spread of blogas technology In 5 country such ag
Iiepal would have advantageous effectg on local familiee, on communitieg
and on the national level.

Advantages on Pamily Leve]

The irmediate benefactors, when o family sets up a biogag Plent, are
the women, who do the cooking (Bulmer ang Schlorholtz). When cocking
fuel i3 available by Jjust ‘urning a tap and lighting 4 match, women
refer it to gathering wood, cutting it into Pieceg, lighting a fire
and ccaatantly attending 1t, 4 vood, or zow dung ceke, fire ig smokey,
blackening the cooking rots, the kitchen and the cook'g clothes ang
skin., S.oke alco affects the cyes and lungs, causing irritatien and
maliing thca more 1iable to disease. Thoge things do not kappen with
biovsas, 5o the women becomn¢ more Lealthy and have much more time to
look afier themgelves and the reast of their family,

One pocsible disddvantage of biogas is that ingects can infest the roof
teame and thatol cf troditional hougcs, ag they are not kept away by
the wood smoXke.

Th2 value of ths fertilizer ig another advantage of bio a3, In China,
biogis plants are regerded 23 'miniture manure plants! (FaQ 40), The
lack of gaell and the lack of flies round the slurry are algo benefitg,
asg well as the decimaticn of pathogenic organisms,

Gas lights aleo help familieg who live away fron electric light, Children
cal gtudy in the evening, so literacy is improved; people could work at
veaving or other cotiage industries; people gs to bed later, go bicgas
lighte might have an effect cn the birth rate,

The major disadventage of a biogas plant for a family ig the high capital
CoGY for a nsor Tamily, The nmajority of peogle in Nepal cou.d rot afford
t2 pay the cost of a plant (about, 18.9,000;£490, r.r 3 8nall family

Plast in 1932), Acsissance in the form of loans angd subsidies ig
available, but tpe purchase of a biogas unit 1g 8till a large under-
teking for a poor man,

4120 a poor farmer hag to find enough feedstock for the Plant. If the
plant {8 fed c- cattle dung, a fomily requres dung from “0 6 cattle,
whicl ig more than moat people own, If the owner of the bioras plant
Cleans his plant onut regularly, he can also usge C€rop resicdues and plant

material, hut thig i3 not common in Nepal,

Other problens are the need for vater, with which to mix the slurry,
erd the recuction ol biogas producticen in coid weather,

Advantgges on Community Level

More pecople can t.nefit from biogas technology by setting up a
comnunity biogag Piant, in whieh the cost of the Plant and the task of
surnlying feedstock i3 shared anong a group of pPoor villagers, The
capital cost per volume of gas produced ig reduced and tha biogns plant
can be used ag a focus for development within g village or community,

Working together in the setting-up and ruining of a plant, villaogers

will build up a spirit of cocperation angd wity. While thig type of

communal activity ig difficult to start in Nepal, the Small Farmergt

Development Prograunme (SFDP) has shown that 1t ig possible. and can be q

Succespful (FPFUC/AD; SFDU, FAO), Particular needs are for the people to o
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disaster could be avertcd. His Majesty's Government of Nepal (HMG/N)
does recognise this, and is consldering giving subsidies to all people
who will inptall a biogas plant in Nepal,

The main difficulty in the extension of biogas technology or a national
gcale is in the setting up of suitable organisations for construction,
foer funding loans and for the follow-up of people who have insgtalled
plants, so they can be trained in their use. Government bodies have

many different priorities; the introduction of a new technology has to
ccopete with manv well-established concerns. ilowever, despite such
cbuialles, the biogas extension programme in Nepal has become established
exd i3 growing steadily, if not as fast as was {irst hoped,

Biogas Plant Desigm Criteria

There are many differvat designe of biogas plants available worldwide
(iiaramba, Pyle, Jewell) and most will work., However, in choosing
suitable degigns for use in a developing counvry such as Nepal, certain
criteria 1limit the number of types tha®t can be considered suitable,

Und-ovpoound designg, built in a hole in the ground, are cheaper and
easier to build. The goil itself can be used structurally, to support
walls againet the hydraulic and pneumatic pressures of the slurry end
gas. Algo, such plants are easier to i..gulate against cold weather,
Inlet and outlet pipes should ho cetraight, for easy cleaning and any
effective design should be eary to clean out and empty, in case of
probliems ouch ag scum formaiicn.

Traditional bu:lding materinls, such as mud and "lipnum (mud mixed with
cow dung), are not suitable for bicgas plants, as water and gae leak
through them. Wood is algso not suitable, as it is very difficult %o
make 7as tight and it can be destroyed by insects or rot. Materials

such ag brick and cement are expensgive, t2, while they must be uged,

the Liogas plant design must be carefully made to minimise the quantity.
ReirnZorced concrete ig normally tovo expensive,

Since rubber and plasti: must be imported into Nepal, they can be almust
as expensive as the steel required to do a similar job, They can also

be damaged by redents and by sunlight and during transit by sharp
objectns., Lven steel 18 not an ideal material, as it is also expensive
and can bz corroded by the biogas slurry.

The desig:n uoed in Nepal are therefore constructed mainly with brick

or guong mason-ty, or with cement placter, using the gides of the
unéerground hole for structural support. Three ench designe are described
in the following chapters.
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Chapter Z, FLO..TIG CTHEL DiUx DESTISE Je Ralay

Basic Design

The floating s*2el drum bioras plant was developel in India, Jaen L,C.0. started
its biogas work in 1974 this sas the only 'nown viogas plant design, fter studying
it at institutions and in villared in Iniiz 1% was accepted for use in Nepal,

The slurry is zept in a masonary lined well like structure and the biogas collects
in & steel drum which .loats mouch Jownwarue in tie slurry. (Fife241)e s gas
collecis or is usea, tue 2z heider “loats up or .own ~ccordingly.

The .Cele degign has not zltered {tue Lauvic priceiple ut therc are signilicant
airierenecs in consiruction Jetails.  These cienres nove veen mude to sinmpliiy
conziructica and reduce constiuctiorn and vlant . ~intensnce COBLS,

‘here are two versioas io the 5.C.o. design, dhe sirright desim (Zig.2.3 and 2.4)
iz ncanly diea wnere brlche (re Lol availanic eni clone ~asonry Le usel andi or the
wiater Lible is lov . llowing a leep hole Lo Le i, :ne teper desipgn Fijg 2,7 s
medinly uset WNece vricis are wvallabie ond chreeiolly i1 the water tvable is iiign

"

DYCrUL: Ly nedts a wiallover nole. -t 15 muen cheaper then Lhe zlternalive comnonly

recomwenucu novizontal plant waich requires reinforces concrete., Both designs use

exac’'ly “lLe same ‘aicunt o Lricks, sana on? cement ond use identical zas nolders.

& 18T comiconly used in ..epal ¢ue to the nigh

oo

Of tire two Jesins, che Loner one
wacver tanle and availability of brices in the plains where mogi plants are built,

s fager imorovement has Yeen to change tile method o, teling the ges from the gas
holcer, camionly a flexible pipe is used to jcin the gas nolder to the main gas
~ine, Tis ripe degrades ia suulight, oiten lecaxs at the ends, collcects conieisate
“ili ke pipe dlocks anl ii 2iso preventc the Cree rotation of the crum, necessary for
the mixins of the sluiry,

The D.C.S. degign (rlg.E._: alrows the rrs to e cemovew via the central guiae pipe,
Ii thus eliminzles wnat wee o mejor Limdintenance provle. a2z wvell as 2 rust problem on
AT.LE 1IETE, It also encbles the

e

“ae cenural suide vecause it J€ now ciosed Lo
arum to i= Iveely roitatc. Zor Lreakine un oY sews, "!.is lecim uas been used

excluiively in Zeonnl siice 1075 and is VeI puccesssule

srom . ve lunine D.C.S. acciuvec now. Lo ouiid ~r, Tlapug caall-r then the oD10C
sreau.e DL s economicrlitt un.ttroetive. € . solle of sisnorriization it wae

~72%% ) procucing nowinally e,

decidee o ave Jour cizes (wwiug, ROV I

eCly 740y snd 30 cudfte (24¢, 5.0, 5.7 and 1..1m”) ol Vic.wi per zay, o0 lrrger

Vivrie were Lulld DeCcausc Liac reqUlio. Mt el tocome very ueavy necessizating

trucl. ~c.ecs e oune Jil. nc iso Lil_a- SO Ten . e DMENU size is the sost

S L

poul-. slize 2o Nosal,

b P , LI A I ey y o
uw.)ﬁ '1 > .'.J Andid i D«Jﬂ.‘mhi&}nﬁ
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‘nder Tepeli conditions o cookine two main meuls plus lignting in the evening, it uas
been found that aruws holding ahoai two ihirls of the Jaily e.s procuctior arc suitable,
veimmine aigester voluwucs wna “siae evailable inforugtion of that time it vas
assaic. bhne k2. cattle dung mixed one io one with walter gave 37 lilres of gas, held
2u @ vmperete temperature for 50 days. Y Jdgester volume was made a bil larger Lo
allow or .y unmovin: aead volumes of slurry formins inside the dipester, Subsequeut
recenren {(vollId chap.’, hre showm iaat i gie wrnilability is very temperature
wensitive, so that tne nominal daily gas procuctiun is ratner meaningless, ‘the
chavacterisires of ¢ae various sizee ol plant ~nd reqdislic wnily mas production at

eii: vent slurcy temper.tures is ~iven in table C:i. unaer loeal conditions the

slure, temperature ror mosi ol the Yeur is around .2500.

£lant Lvne (D10 [PRAN) S350 5500
Pigesior volume m” To 1340 2443 34,0
sasnolder volume m- 67 Sed Ga0 845
inpud wung per Jay &0 12C 215 300
-iteoretical wvetention time days 59 o 56 57
«¢olizuie reiontion time davs 30 50 5o 50
CLominal gas proiuction per day m’ 2.0 5.0 9.9 1441

dealistic gas profuclion per day m3 ats

Slae tene. 30,1°C 247 Ye3 9¢35 1343
slurrs temp, 2f)or; 1.7 3,4 349 G.
Zlurry taap. 20.3°C 1.3 245 4.4 6,

fa8Lln 2,1 Characterisiics of tloaling steel drunm deuign

input @ cattle aung mixel 181 ith water,

Coustruction ctails for Jloaciag stecl drun d.risms

Detriled (wawinr s ne ~iver in Figures 2,3, 2.4 and 2,5, The dimensions indicated
by letiers are wiven in 7o-1. 2.2 for the straiznt type snd in Table 2.3 for ihe

taper type. Fatevicl quancities Cor all irun plants .rc¢ given in Table 244,
W) 2

Buildine Mot inls

“hese ire comson Lo @ll plints, Detnils are given in claptes G,

2:2
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bimension (millime.ces) Ident, 51100 5D200 57350 S0500

nepth of Lixesier A 3 620 4 630 4 530 5 540
Jeilector ledge to top z 1 050 1270 1270 1 500
Zepth Lower Lectlon ) 2 570 5 560 3 660 4 040
Diameter or Fit B 1 600 2 000 2 600 3 590
Lirmeter at Ledge i 1 300 1 /G0 2 300 2 800
Diameter of iole 14 2 0G0 2 469 3 060 3 360
Inlet Pipe Length I 5 00 4 o0 5 Q0C 5 800
Outlet :jire Lensth J - 4 G 4 900 5 500
T'ipe Cpening {rom '/all I3 700 400 400 650
iixing it Length & Brealti c 4010 x 460 760 1 005 - ¥
Jerlector Liedge to inlet R 1 200 1470 1 470 1 700
Teflector wodye o outlet 5 S50 1 179 1176 1 400
epith of iole iy 3 390 4 400 4 T00 5 310

120Ul 242 vimensions of .rum Flants - Straisht Type (Fiaure 2,3 and 2.4)

* llote: the 0IH00 size uses 2 nixing mechine (Ginensions in echapter 6)

Dimension (millimetres) ident, 52100 Sw200 5D350 C1500
Depth of uigester A 2 520 5 09C 3 300 3 770
Deflector Zc.ze to top 3 1 030 1270 1270 1 500
Depin Taper cetion ¢ 310 910 1220 1 220
vepth Lower cction D 560 910 810 1 050
Diasmeter Topur Jection B 1 600 2 200 2 600 2 900
Diameter of Leuse ¥ 1 300 1 700 2 300 2 &0
Diameter oi Lower vecticn G 2 500 2 930 3 900 J 230
Diamcter of ilole T 2 9% 5 360 4 360 4 650
Inlet I'ipe uengtii I 2 320 2 540 3 150 4 000
Gutlet .ipc Length J 2 170 2 740 2 550 3 370
vixine Tii Tepih X 410 460 480 -k
iiving 110 Lensth F 460 600 350 -

Pidxdng it Zren’tn Q@ 615 010 1207 -

wellecier Tel e Tu Inlet i 1470 1 47¢ 1410 1 700
Leriector 1eane o vuilet 3 o 1170 1170 13550
ren.h ol L.ole T 2 90 50 3 070 "3 54C

’

Tdnba 243 Divensions of Umum Mlants - waper .ype | cimure 2,5,

~ lote: Jue J.50U sime uses a mixing macuiae (Ginenvions in Cuapier 6).



Flant cype 5 /100 50200 50552 1500

Cement kge 450 200 1150 1550
sand g3 2,20 3.86 5.52 7.50
sricks o 3,000 5,000 7,500 10,000
Cement lipe (3T)\m) 568 9ed 5e9 1143
(2p)(m) 4.6 547 &a1 Tod

eI

VAZLhe o4 viaterial 'mantities for Drum Plents

virgesser "loor.

LXperience in Uepal, neving built hundeeds of these plants, ic that a conerete [loor is
haraly ever necessary, Masonry flocrs are much lower coct =nd quite adrquate in
alnoct all crses, il tue ground conlition at tie botiom of Llhe pil is poor, i.e.
mueay or ceo:'t send, thes o leyer of broen bricin oo sioncs :usl be pounuec in until
tne pround is fimm,. The mzsonry [loor can ve buill on Lop of this. Adterne tively,

a concyeie Jioor can ve laid,

The floor shoulc te reasonably lcevel, Bricks are luit on eire {(not on their face) as

' ~

in fig. 2.6, fig wethod gives sullicient sizenstl Lecause Lhe weivht of the rulls

is no* sigmiriceantly” greater than She weirthit o) soil ru.oved,

Side 2lla

The side walls noc cirveular and they are guick and easy to build using a buildi.g

gauge (Fig. 2.7). The geuge is marked %o inaniccte ihe cifferent radii used . +the
plant {i/2, /2, G/2)s e partitlon wall can be completed nficr the gruge is removed,
or alternatively it can be built slightly ofl centre.

1t is esceniial ic backiill ine spuce between the walls and the sides o She hole ~ith
daug out csuilh alter wach 300mm of .:all ha: been vailt. Tie earth must be rammed
tuovoughly iuto place with a piece of wood ané water can be aj.ed to conpoct the soil,

# major reason for biosas plant wells Lreaiing is that this backfilling job has not

been done proverly.

dormally wiesier walls ave not built more than 35Cmm above ground level, In certain
crses, suca 2s if tic waier table '3 very hich, the plant must protrude more then this
out o’ Luc rrounc, “ue vriclevork must then ve 3t englhened uy tightly tying 3mm wire
round every secony course of bricks, anu plasterins over it o wrevent rusting, (Fig.EB).
rarth must be vociztillea %o -ore ‘han 1 metre -rownd the oricks, 2t ueflecior ledge
level. o Glsaev ntage of .5 orproach is tnat the invsut Jwyg ane weter must te 1il.ed

up to put t.awm in the piont,



Partition '/alls
Cealrel cividing walle are coi ¢.ly used in nost rlants, cxeept 3D100 streight type.

The wall s cesi-nec 1o control the [low of the slurry, but seme tests on SU100 taper
type and 3020 siraight {ypes, with and witliout pariiiion -+ils indicates no
noticendle Citi'erince in zes prouauciion,

is the well ol ce trols the {low of clurey, 1t recu'rcs no atructural strencth, so
i holr-bric's well (120ma) is used, It iz built to the ton level of tle deflector
leume,

nefloceur e

s

This ledie weZlectie ro nrolucie tic si.es ot uhe dafesier into the ges holder,

a nlant without volis ledge woull lose about 15 ~i:s, o movwe in tac cnge of t.pew type

pla.iue, Ta ledre ie sde Te potirude shout fun Lowicde the re tolder clven terence

and o.cul toode Lo, It cir e used 28 a convenlont o 00, il L0 <o
seversl Lnpeut 2 cnco o uraLenia,

1) Jrowm tep o ledes 1o eop 0 flGover it o lls 3 the acieht or cae nidez of the
» 23 Loluer olus 43 = 1lumia,

ii} sron wor of lowse 1o meuld o Lol sipe i the @uLzhL & the =ines of the e
weicer plus 175 - 300mu. Thic gives sufiticient head iur the sluriy to vun quicikly
an. easil.s icto the liscsler.

iii} srom th. tov o) The ledse vo the mouth ur 1l ouiled vipe s the ucijit of the
lico of wie s holoer winus 50 = s0mn.  This avolcs tne clurry coming over the dop
0. ihe udresics,  ien tie slurry enters the »imnt .rily the level of the slurry in
the dipcsier rises cuilenly and then lowers clowly ru the elusluent comes out of the
outiev,

central guive pine .

fne centrsl uide must be verticel ctheavise the @ weldcor may not move up and aown
freely. I% ig ncle in rosition by two ercss supporie ninue of steel rod which are
cenentedd into the zidec walls.

- gan of J0m: is rormal between tue grc acider and the side ndie.  hen buildins the
we.ls above +wiae dellector led e it ig nelpftl tc nsc @ mersurine ro. from the central
gul.e to the wallis in coder %o gut the xignt raclus, e lan~th of ihe mezsuring rou
is : raciug of gas holdew plus H0m. minug rrcius of centr-l ~uice,

Inlet and (uilet

e lower end of ohe inlet and oullet pipes are vicccd anout in the centre of %neir
respeciive conprrizenta (M away Srom the walls). “iis position 1o not vital but it is
importani t:i-t the rlurey moves at the bot.om ¢l ithe oi.cester end that dead volumes

of wmmoving cluoxsr e not aliowed Lo form.

fhe mouths of ‘¢ pinco are eet ebove the “loor of Lae ‘igester (350mm for the inlct
pipe and 250ma tor the ontlet pipe). This Iocilitates the clearing of Llockuges dy
rocfins ant riso prosides come volume in von¢ san. ~nr siones ete get in the plant

and build up ove:r & period of yenrs. whe inlci neight is hirher than the outlet

R-5
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Dimension (millimetres) Ident, 51100 $1200 SD350 31500

Diameter of _mum v 1 500 1 080 2 500 2 80O
feight of irum Cidc 3 1 003 1 220 1220 1 400
[ o PR TR ER (24 4
::Jl.ggt ggni‘?“:;bcvc Zide -1‘01 98(5) 1 13(0) 1 i?g ! (11;3
Jaeter o Joo lale A 1 518 1 820 2 510 2 810
R or "YU oteh 4 1 27 35 58
;e mide ive Leagti U 1 6%0 2 005 2 036 2 330
Supperi };‘—ui e . ipe uneneil J 1 230 2 (:‘) i igg i g(;g
aadiuvz of Juprort ras T 070 1 1¢ C .
Lenptil ol Lun-ord ‘aus T4 310 1 130 1 440 1 600
wensth ol Ji.adhn L Trum { 70 S0 1 485 1 335
dole Tor I.s. hockei Size) O 27(dmer)  33(3mar) 53(;4"(‘:1') 38(1"ar)
“aoiue oiff Leun _uoker 0 140 130 1010 - 1 490
Lengen of sewn fwerkew Iq 1 050 1230 1 200 1375
a2 500 565 220 270
i 1 015 1 &70 1275 1 405
R= 200 G40 015 730
I3 1 040 1245 1235 1 420
g 420 255 485 575
4 1025 1 240 1 250 1435
Tz ~ J1 675 1035
5 - 1 260 1210 1 390
fig - 765 90 115
Lg - 1230 1285 1 475
dq - - 745 880
L7 - - 1225 1405
i - - 355 420
Lg - - 1 260 1,450

T#BL: 2.5 Dinensions oi iteel rums,

oteel drum

In the cenlre of the drum is a guide pipe wirich rides on the central supporv. It is
jusi over 1 ‘imes the nei~ht of ihe ¢mm aide and closed 2t the top end, Two slots
160 % 55 oxc node juet below the roor of ihe Crum to allow ges o pass, Holes are
not use’ oo Shese cculd met blockeu with scume

Tne top of the ‘rmum is coned saaped, about 1:1V, to allow xain weter to 1un ofr, 7The
cone i mode v mziing the top plete slightly lazser in diameter than the ciameter of
tue drmm, cutsing » V" shevel noweh iron the side to the centre end pulliae the sides
ol tae TV woscther car velding.

SCUR BTE~iSr aere (Lengseh Ly amc -« lded between the rrainl seruts on the votiom frame
an’ uite tou Dlade, ¢l varin-~ radii (lt) from the central pipe,

41l arums :rc fogbe: .or lecis vrior o paintins by filline them with waterw, iny

lezks ust be relded,

27



Cleoning ani vainting of steel

Y“ne ges drmum iz ¢, de Jrom ile ugecel which, while it iz ¢asy to ~verk ana weld, is
tubject to rist espccially on the slces wnich din in and oul o' ilic sluryry twice a
day. Gocd cuelity steel suect shoull be used, cr free as possihle from ruci, with
00 2itiin~ or ueep corrosion and L mai oo progserly clemed ond meinted,  dont
clernires, wion vire .ownes and sanapaper, io nodly alean-ie, - liaewh iihda vystem
azE oecs uBGL Gue o the lack of an alternntive, Ide~lly tne “inished =as drums
Sucul. ve send Ll=.tue to wemove 21l (ho s sy 2usi ox ilinciie \a Linck or dax.
blue on'ce Liyar,,  Thiz methon r.aoutd nive oopalel Lilitinme o fnvee Limes loager
v (o2 Lrn” cleaned steel,

nivel LYving verious vedntes 1t nrs veen Jovnd that vitwiins o wtinte ~ive the oot

[ ]

freeuive omoteevion To fas  vaus, Ancleseiine netallic primer in uscc, wiricn
incorncr:ter ~lwiinium, it podrvy £33n thicvees of 4. microns ('f'.'-'.‘: followec hy cne

’ : st (4 ) . . - - : ‘. Py - PO . .
coet (100 microns LU0 of Ligh uild 1-ek noint Lincomwraiing Ritumer and :rhenolie
.

r;:zins), Corecond cooy A8 anclicu rluer She Cmm Ben heen trenenorted Lo the eite

wheve It 18 %0 b6 usca, S0 rensiv oany serziches, anu to i-cre-ce the print thicwess,

“ooondnt f- osprided by hrusi, fg it Lf too soict uo e iprliec with an air spray M,

o =rdnt mist not o over thinned s too much thinnc: hre-ks dewm the priut

[y:]

Vhis iy

onoerunet I3 te erner haddy afier o xying Jor some tinc,
if aveiisule, righ pressure nirles soray nainting t.aciiine c~n be usci. In tais

ceme o first cort of primer eint gheull b2 zoolicd os e Yaist cuat', so thin thet it
can e veen ilrouph, il ~ivee in xecllent rdhesion to tic steel, It shoul: e

followed by a second cost (30 V4 oo wmincr,

Ir epel dmita ave now senvblested on the outen mides rna then rlrleas roray pelitee..,

teintainin, ~#os holrere

Quet ig a serioug problen wnd was heclders ean st out in & few venr il not nroperly

-
.

acintec en. c.aint D aed, 1t eennct be ctresred teoe muen that con nolder: neew 46 be

PR

valiced yesrly s ore drequentls 1p olms 07 micL ave seen,

srectic) emperionce o e wuse o) gtee) drum plantis,

free Zollowsup earieve dave oeeil fo.ce o tie Lived Y bio~se nlante Luilt to the

Ctda tnmer Jesimoin Mopel, Moot of thesc cowly pleopne uned a flexdole rl=gtic

GioSme wmels 00 Lnens wurveyr four imnvorenents were .
te one Jlevrllo ohootre pive vwar Jound o Le n serious Lalntenenec protlem, Ir &1l
Alerts il 0tc newan Gne rag wos cemoved tarou~h o cersT ) nice aipe, tae .ethod

S ey

uedcribod i UlLr elemaver, JILS L0 overcomn Lo ome la,

2.8
/'])/
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GOBAR GAS PLANT
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Pigure 2. 2 Gas Removal System Using the Central GCuide Pipes
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igure 2.3 Floating Drum Design SC100 (Straight Type)
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Chapter 3, FIXED CONCRETE DOME DESIGN D, Pulford

Characteristica of Design

The dome design consists of an underground digester pit with a
concrete dome-shaped cover over it, to collect the biogas as it is
given off by the slurry. The enclosed chamber ig lined with
concrete plaster and is all underground, The design used by ICS is an
adaption of a design developed originally in China (SPIIBD, 1978,

van Buran, 1976) and it uses the ‘displacement principle' of operation,
A second pit, called the 'slurry reservoir' is built above and to the
side of the digester pit and is open to atmospheric pressure. The
concrete dome is fixed, so it cannot move up and down aa gas collects;
instead the slurry in the digester pit is forced up into the slurry
regervoir, as the biogas collects under pressucre (Figure 3.1). As the
biogas is used from under the concrete dome, the slurry flows back from
the reservoir to replace it,

The version of this design developed in DIS is made of concrete, with

a minimum of reinforcement ateel in it. Brick or stone masonry 1is only
used for the inlet pit and slurry reservoir. As there ig a high gas
presaure under tBe dome, when it is full of gas (up to 1,2 metres water
suage, 1200 kg/m“), the whole dome must be covered with a minimum of
0.8 metres of goil to hold it down. A central turret of brick or gtone
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Figure 3,1 Displacement Pri ciple of operation of Dome Plant

Gas collects under the dome aund forces the slurry into the reservoir,
As gas is used, the slurry flows back into the digester pit,
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filled with soil, also acts as a weight, as well as supporting a gas
outlet pipe and a scum breaker. Acosss to the digester pit during
construction, and also if the pit needs cleaning out at any time, is
from the side, through the slurry reservoir ard outlet. (For safety,
nobody should ehter the pit until every trace of cow dung has been
washed out of the pit and the remaining biogas has been flushed out,
as 1t is possible to be suffocated by biogas in the pit.)

The two key features of the DCS version of the Dome Design are the way
the dome is built and the way it is sealed. The dome is made by casting
it over a mud mould, before the digester pit is dug away underneath it.
The dome is sealed with a cement plaster coat with an acrylic plastic
emulsion paint mixed in it. This design has proved very zuccessful in
iepazl, both technically and comnercially. The commercial price is about
20% cheaper than the steel drum design and the farmers seem to like it.
secause both the digester pit and the gas dome are underground, it is
better insulatcd than the steel drum design, so gas production in

cold wewther is greater. Further insulation, in the form of straw or
compost can easily te added. The DCS design includes a scum breaker,
fitted through a pipe in the centre of tne dome. This item is not
essential, and could be left out, but it may allow farmers to clean

out their plants less often, if they allow too much straw and other
vegetable matter, that can form a scum, to be added with the slurry.

4 disadvantage of this design is the increased and variable pressure

of the gas in the gas dome. is the g#as forces the slurry into the
reservoir, the gas pressure increases from a few millimetres up to
1200 mm (WG)., This high pressure makes it more difficult to seal gas
pPlpes against leaks and can algo cause certain gas valves to leak, It
also means that gas burners and gas lights must be carefully controlled
ag the gas flow through the Jets is increased (by up to 4 times). The
high pregsure has one advantage, as the loss of pressure as the gas
flows down gas lines is far less important, Smaller sized gas pipe

may be used with this design of plant,

The construction of this design of digester is also more difficult
than for other types, as it requires people with good skillg in
plastering cement. If the cement plaster work is done badly, then
gas or slurry can leak from the plant, thus reducing its efficiency.

At present, 3 sizes of this design are being made commercially in
lepal: CP10, CP15, and CP20, where the numbers refer to the nominal
total digester pit volume in cubic metres {Table 3,1)

Plant Digesteg Dome3 Total3 Working3 Input Retention|Gas 3
Type Vol m”7(Vol m Vol m Vol m”iDung kg Time day|Prod m .

cr10 7.3 3.3 10.6 9.0 60 75 1.84
CP15 9.7 5.6 15,3 12.5 90 69 2.69
CP20 14,9 5.6 19.7 16.9 120 70 3,61

Table 3.1 Characteristics of Concrete Dome Design,

Jotes: The 'Work‘ng Volume' is the mean volume of slurry in the
digester pit (taken over the daily varia‘ions).
The Input is taken as cattle dung mixed 1:1 with water,
The Gas Production is taken at 25°C, (based on Chapter 5).

The CP10 size produces enough gas for the cooking and lighting needs
of a family (7 people), and requires dung from 4 to 6 cattle. Two

CP20 plants can supply enough gas to run a SHP engine for 6 hours a day.

3.
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Construction Details for Fixed Concrete Dome Design

Detailed drawings for the Fixed Concrete Dome design are given in
Figures 3.2 t¢ 2Z.€ inclusive. The drawings apply to all three siczes
of plant, but are only to scale for the CP10 size. The values for the
dimensions indicated by letters and numbers in the drawings are given

in Table 3.2 and the quantities of materials used are shown in Table
3.3,
Site Preparation

The site for the biogas plant is roughly cleared and levelled, The
positions for the digester pit, inlet pit and reservoir are defined.
The centre of the dome is located and a circle, diameter D , 18
marked on the ground, using string and sticks. Two pegs aré placed

in the ground, about 0.6 metres from the edge of the circle, so that
the siring tied between the pegs passes over the centre of the circle,
Tuis gtring defines a datum line from which measurements may be taken,
1t should be checked with a level to ensure it is horizontal.

A hole is dug, within the ~ircle, diameter D., to a depth H,. In the
centre of thie hole a second pilot hole is dug, of diametér 1.5

or more, and of depth H, or more. This hole eases the work of excav-
ation of the digester pft later on, and also allows the condition of
the so0il to be checked: to see if there are any large stones, or to

see 1f the water table is too high.

Making the Dome

Tne concrete dome is cast over a mud mould., The pilot hole is covered
with boards and branches and mud is piled over. The pipe for the scum
breaker is placed in the exact centre of the mould. The edges of the
hole are cut away, and mud is packed onto the central mound, until
the steel template will fit into the hole. The template is attatched
to the central pipe with string, and rotated round it to define the
snape of the mould. The template should just pass under the datum
string and should be regularly checked with a plumbline or level to
engure that it is square.

An important part is the edge of the mould, where the concrete dome
rests on the soil. The edge of the dome is thickened to form a *collar'
and the weight of the dome, and the earth fill above it, is taken by
this collar as it resys on the earth foundation. The soil in this area
should be disturbed as little as possible, aa the shape is cut, and it
should be packed as hard as possible bo form a firm foundat:on.

The dome shaped mould should be shaped carefully according to the temw
plate and packed hard to form a smooth segment of a sphere. When it is
complete, it is covered with a thin layer of fine sand and the template
removed. The gas outlet pipe should be put in place and held upright
with a pole or rope across the top of the pit., The 0.1 m (6mm) studs

on both the gas outlet and scum breaker pipes should lie Just above the
mould, so they are covered completely with concrete, when it ia applied.

The concrete dome should be cast at one time and within one day, 8o all
the materials must be prepared and ready. Enough labourers must be ava-
ilable to mix the concrete and trowel it in place. A mixture of 1 part
cement, 3 parts gand and 3 parts aggregate (small stoneg, 5 to 25 mm
diameter) is used, with as little water as possgible to make a workable
mix (Table 3.3). Reinforcement rods (1.4 metres long, 6 mm thick) are
placed in the edge of the dome, over the outlet, next to where the
slurry reservoir is to be built. The concrete is trowelled to the
shape shown in Figure 3.2 and compacted. It is left to dry for 7 days
before it is disturbed. It must be kept damp by covering it with

sacking which is wetted regularly, 80 the concrete cures properly.

L}
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Item Dimension (millimetres) |Idemt. | CP10 CP15 CP20
Concrete | Outsjde Depth H, 800 920 920
Dome Inside Diameter D, 3 100 4 000 4 000
Radius of Spherigal Seg. R1 2 080 2 880 2 880
Included Angle ( 101736 91710 91710¢
Thickness of Shell t1 60 80 80
Width of Collar t2 190 230 30
Height of Collar t3 160 190 190
Length of Collar l1 800 1 000 1 000
Turret Height of Turret T 750 750 850
Diameter of Turret T2 750 1 000 1 000
Length of Gas Outlet T3 900 900 1 000
Slurry Inside Length Sides I 1 200 1 500 1 700
Inlet Length Cement Pipe L1 2 500 3 000 3 000
Digester Depth of Conical Sectn H2 780 270 785
Pit Depth Spherical Segment H3 580 1 090 875
Radius Spherical Seg. R2 2 100 2 200 2 500
Diameter of Inside D2 2 900 3 800 3 800
Slurry Overflow to Datum G1 240 160 120
Outlet & | Datum to Floor 02 560 680 630
Reservoir| Floor to Base Outlet G3 1 060 630 1 195
Inside Length Reservoir 3, 1 800 2 480 2 640
Inside Breaith Reserv, S, 1 250 1 250 1 760
Length & Breadth Outlet 600 600 600
Template Diameter of Guide Pipe d1 42 42 48
Scum Length Outside Pipe J 1 870 1 990 2 080
Breaker Length Inside Pipe J4 1 950 2 070 2 160
Bage to Rider J2 630 740 740
Length Bottom Blade J3 1 400 1 490 1 800
Length End Piece J5 0 0 100
Radius of Top Blade R3 1 980 1 980 2 480
Diameter Inside Pipe(OD) c, 27 27 33
Diameter Outside Pipe - c, 33 33 42
Diameter Rider . C 48 48 48
Diameter Steel Stud TGy 20 20 25
Table 3,2

Dimensions of Different Dome Plants

Inlet Pit, Turret and Gas Outlet

While the dome is curing, other work can be started, The inlet pit is
built; a hole is dug beside the dome into which a length of asbestos/
cemen® pipe is placed, which takes the slurry into the digester pit.

The inlet pit itself is built of brick or stone masonry
foundation. It is a gquare of sides: I

on a simple
s, With the end of the inlet

pipe to one end of the square., The inside of the square is filled up

with stones or rubble to floor level, which is at leaat 0.5 metres above

datun. The floor is paved with bricks or concrete and plastered, so
that slurry can be mixed in the pit and pushed down the pipe into the

digester,

concrete cast into a suitable shape.

A brick or stone turret is built on top of the dome, to support thg
gas outlet and scum breaker pipes. When the plant is completed, this
turret is filled with stone, rubble and earth and closed with a layer

of concrete (50 mm thick).

3.4

A removable stopper for the nipe is made of wood, or
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CP10 Size Cement Sand Aggregate Brioks
kg (bags)| 14t (bags)[1it (bags nos,

Concrete in Dome (1:3:3) 260 (5%) |[500 (15) {500 (15) -

Plastering . 260 5%; 600 (18 - -

Brick Masonry 120 (2% 460 (14 - 1300

Concrete Covers 50 (1 _10 2 140 4 —

Total for basic plant 690 (14 1630 (49 640 (19 1300

ﬁExtra to Plaster Outlet | 50 51 ) | 160 E 5; )

Extra for Support Legs 20. ( %) 60 2 150 )

Cement Pipe 2.5 metres

Steel Rod (6mm) 40 metres

Acrylic Emulsion Paint 2 1litres

Scum Breaker

Gas Outlet Piping

CP15 Size

Concrete in Dome (1:3:3} 500 511; 1100 §32; 1100 (32)

Plastering 360 8 750 (22 - -

Brick Masonry 140 3) 540 (16 - 1500

Concrete Covers 70 1) 100 ( 3 200 ( 6 -

Total for basic plant 1070 (23 2500 (73 1300 (38 1500

gExtra to Plaster Bricks | 50 é 1) 170 ( 5; ;

Extra for Support Legs 20 %) 60 ( 2 150

Cement Pipe 3,0 metres

Steel Rod (6mm) 50 metres

Acrylic Emulsion Paint 3 1litres

Scum Breaker

Gas Outlet Piping

CP20 Size

Concrete in Dome (1:333) 500 §11) 1100 (32) (1100 (32) -

Plastering 420 9) 900 §26 - -

Brick Mascgry 170 4 680 (20 - 1900

Concrete Covers 90 2 140 ( 4 280 ( 8 -

Total for basic plant 1180 (26 2820 (82 1380 (40 1900

gExtra to Plaster Bricks | 70 E 1%) 250'5 8) )

Extra for Support Legs 40 1) 200 ( 6) 300 )

Cement Pipe 3.0 metres

Steel Rod (6mm) 75 metres

Acrylic Emulsion Paint 3 1litres

Scum Breaker

Gas Outlet Piping

Table 3.3 Material Quantities for Different Dome Plants

Notes: If wooden covers are used rather than concrete
reservoir, then only 5 metres of 6mm steel rod
Plastering of the bricks in the slurry outlet a

is only required if the outside soil is porous,

If stone masonry
in line:

is uged

The pipe fitting can also be started
to where it is needed. The pipeline
point, where a water outlet device is fitted, A small brick-lined pit
can be made to allow easy access to it (Pigure 3.6).

3.6

over the slurry
are required.
nd reservoir

» aouble the cement and sand quantities
3 of each section.

» to take the gas from the plant
should slope (1:100) towards a low



ag
53
An
2

et

2

\ IBoards | /
| //
Pilot !Hole 7 ;
~ \hooe - /?
RS Scale 1:90

i ar VA (CP 10 only)
15C0

Figure 3.3 Mud Mou!d for Dome

-,

3 700
i 300 I : B Inside Pipe - cy
- 251 Outside Pipe - ¢,
red | Rider -3
A
| 100 Bolt - 8x 50

j Steel Stud - ¢,
Angle Iron - 25x25x3

Scale 1:25
(CPC only)

‘\’} Figure 35 Scum Brealer

6mm Steel Rod

bl

[3} | 10 t, Scaie1:20
2 50°D” (CP100ny)
Figure 34 Steel Template

-

"
!
|

Water Outiet
at lowest point

150[/
- cale I / ]
Sawrss

TOTIL

i
ri
L~

[o2]
3
3

-
Q
o

NN

Figure 3.6 Gas Outlet and Pipeline
DJFADCS



Digging and Plastering the Digester Pit

A pit for the slurry outlet is dug beside the dome, to a depth: 62 + G3
b#low the datum, Once the dome concrete is get, excavation of the
digester pit can begin, soil being removed via the slurry outlet pit,
If the 80il is firm, the whole pit can be dug at one time. Great care
must be taken not to undercut the edge of the dome while digging. A
Pipe can be lowered through the scun bresker pipe to act as a centre
from which the radius (D,/2) can be measvred, with a string or tape,
at a depth: H, below the end of the tixed gas outlet pipe. The
concave shape 8f the floor can be defined by a length of string, tied
to the top of the scum breaker pipe, as it goes into the dome. The
string is of length: R2 » and the earth is cut away until this string
can be held taut over the vwhole floor area.

If the so0il is loose and sandy, brick pillars can be made to help
support the dome (5 for CP10 and 7 for CP15 and CP20 plants): one on
either side of the outlet, the others spaced equally around the dome.
Recesses are first dug, one at a time from the pilot hole to under the
tdge of the dome, and a brick pillar (height: H,) built up from the
1loor to the dome. When these 'legs' are completf, the rest of the
digester can be excavated ag usual,

The whole of the inside of the digester is lined witn cement plaster,
walls and floor. The Plaster is usually applied in 3 coats, each of
10mm thick (CAI), uzing mixtures of 1:6, 1:4, 1:3 of cement and sand,
for respective coats, is little water as possible should be uged to
give a workable mix. The plaster for each coat should be applied at
one time, working from the inlet to the outlet round both walls and
floor. If the first coat does not bind well to the wall, eg. if the
80il {3 loose and sandy, it can be 'dashed' onto the wall, sharply
throwing it from the trovel. Alternatively, wire mesh can be used to
reinforce and bind it, Each coat should be allowed to cure for two
days before the next is applied, and should not be allowed to dry out
while it is curing., uther work, such as Pipe fitting, can continue as
the plaster cures.,

Plastering the Dome

The inside of the dome is carefully cleaned of all mud and looge sand
and scrubbed with a wire brush. It is also dampened by brushing on water,
The surface of the dome is then sealed with two coats of cement plaster
mixed with acrylic plastic emulsion paint. The first coat is a mix of

1 part cement with two parts sand with about 2% (by weight of cement)
paint, The water content should be limited to about 35% of the weight

of the cement, and the morter should be very well mixed. This coat isg

of 8 mm thickness and 1t should be allowed to cure for two days before
the top coat is added. This coat is of pure cement mixed with 3,5%

Paint and 283% water. Both coats should be spread evenly over the whole
inner surface of the dome to ensure a gas-tight ecal. Any remaining
paint can be applied over the surface of this plaster, once it is cured.

Slurry Reservoir and Outlet

The slurry reservoir and outlet can be shaped and lined with brick or
stone masonry while the plaster coats are drying. The outlet is 0.6
metres square and the walls should blend in with the edges of the dome
and the plastered walls of the digester pit. To save material on the
CP20 plant, the outlet floor can be made on a slope (dotted lines in
Figure 3,2), but steps should be made to ease access. The regervoir
encloses a rectangle of sides: § and 52 and the masonry f{loor is:
G, below the datum level, The walls® are built up to a height of:

h (G1 + 0.15 m) above the datum, except for the slurry overflow. A

b 5



large overflow gap is useful (eg. 0.15 x 0.5 m) as the slurry can dry
out and block it.

If the outside so0il is porous, the slurry outlet and reservoir may
need to be lined with cement plaster (10mm of 1:6 mix) to stop the
slurry leaking out through the bricks, This type of leak should be
self-gealing eventually, as the slurry dries out in the cracks and
filis them,

Completing the Plant

The scum breaker is put in place, with the inside pipe, with handle
attatched, lowered from atove and bolted to the scum breaker arm inside
the plant (Pigure 3.5). The whole dome must be covered with soil, up
to the level of the top of the turret in the centre. The weight of
80il counterbalances the pressure of the gas inside the dome, If
Inadequate so0il is used to cover the dome, it may break.,

Covers must be made for the slurry reservoir, either from wood or
reinforced concrete. If concrete is used, lengths of 6émm steel rod are
arranged in a grid shape, equally spaced, in a shallow mould. This can
be a trench in the ground (50 mm deep). The concrete mix is 1:2:4,
cement to sand to aggregate (stones 5 to 25 mm). The covers can be made
ag several separate slabs to eaae moving, and handles, made from 6mm
rod incorporated.

Fabrication of Plant Components

One advantage of the concrete dome digester is that very little of
the plant has to be fabricated in a workshop and transported to the
site. There are three items: the steel template, which is reusable
for many plants, the gas outlet pipe and the scum breaker,

The steel template is made from 6 mm rod (Figure 3.4). One rod is bent
into a radiue (R,), but the rest must be straight. The top corner must
be accurately Square, As the frame is welded, care should be taken
that it remains flat, and not twisted. A short section of pipe is
chosen, to fit round the central pipe of the mscum breaker.

The gas outlet pipe is made from 50 mm (2 inch) diameter steel
galvanised pipe (GI). Four 100 mm stubs (of 6 mm) steel rod, or other
steel material) are welded, at right angles to each other, onto the
pipe, near the lower end. These stubs will tie the gas outlet into the
concrete dome. A screwed cap is provided at the other end, to provide
access for cleaning. The 15 mm (% inch) GI gas pipe can be welded to
the 50 mm pipe, or to the cap. The former has proved more effective,
as cast iron pipe fittings are difficult to weld. However, if brazing
were used, the second method would be prefered.

The scum breaker ia made fiom angle iron (25 x 25 x 3 mm) and GI pipes.
The upper arm is bent to a radius (R,) and welded to the lower arm
(length J3)- A gtrut of angle or 3 flat iron is welded between them.
Only the lower arm is attatched to the immer driving pipe (c1), with
a bolt, passing through the pipe and a etud on the arm, The upper
arm is welded to a "rider", a short leng:h of GI pipe (c3) that rides
on the outside of the fixed pipe (c2). The outside pipe ” has 8 studs
welded to it, so it can tie into the cement dome and the concrete
at the top of the turret. A handle is made from GI pipe (c,), attatched
to the inner pipe by an "elbow", and welded or brazed for strength,

Practical Experience of the Use of Dome Plante

Two follow-up surveys have been done on the first 11 plants built to
this design in Nepal, 1 further 12 plants were included in the second
survey, built since the first. The second survey included 16 CP10,

2 CP15 and 5 CP20 plants (3 of the latter on a government farm) (Devkota),

3.4
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A1l 23 plants were working, at the time of the second survey, when the
first plant built was almost 3 years old, and the structure apprared to
be in good condition. The major problem experienced by the plant owners
were the leaks in the gas valves, which were not designed to use the
greater pressurea. No ow.er had any other problems with using their gas
equipment at thece greater pressures.

The scum breaker caused some complaints. People objected ta £as and
froth leaking from the pipe when the dome was full of gas. Thisg was a
deliberate feature of the original design, to act as a "safety valve"
when there was too much gag, but the pipe has been made longer to stop
this happening. Gas can leak from the outlet pit, so a "safety valve"
ig not needed. About half of the original (11) scum breakers were
broken, but the owners could see little difference whether they were
able to use them or not. The scum breakers were included because of
reports (Fry, 1974) of scum build up, and of practical cxperience of
8imilar problems with drum planta. However, they are not used in China
despite the practice of adding large proportions of vegetable matter
to the plants (FAC 41). “cum breakers may not really be necessary,

Some owners complained that the slurry did not come out of the overflow
each day, despite adding Blurry daily. The goil is very porous in the
area where thess plants were built, and the bricks were of lower quality
80 slurry could be leaking away underground, pushed by the high pressure
in the plants. The inside of the slurry outlet and reservoirs of these
Plants need tn be plastered.

To date (Summer 1983), about 300 biogas plants have been built to this
design in Nepal, and most seem to ve working well. There have been a
few problems with individual plants, but the cause is ugually traced to
poor masonTy work. The dome has rarely given trouble, although one or
two have cracked, when poor quality cement (that had lain in the open
for ceveral months) was used. These were rebuilt. In one plant, the
famier addecd slurry before the dome was covered with goil, and the gas
pressure pushed the dome out of the ground. Once the slurry had been
removed, the dome could be pushed back into place, the cracks between
the dome and the reservoir pit plastered over, and the plant was working
as well as any other.

Other rroblems have been wrongly shaped domes, too small because the
template had not been positioned properly, and too small digester pits
because the magons had measured them incorrectly. The present design
has beer 3lightly modified to allow these measurecments *tu be wade more
easily. Good supervision and quality control are essential for the
building of any design of biogas plant.



Cheptor 4. TUNNEL DESTCN

Basic Design.
The tumnel daesign of biogas plant was inspired by the work on plug flow trench

roactors done ut Cornell University (Jewell et al, 1980). It is different in that it
is totally underground and includes gas storage'using the displacament principle
which meana there is movement and mixing of the slurry in and out of the reservoir
and therefore the plant is not atrictly speaking a plug flow reactor.

rram figure 4.1 it will be seen that this underground masonary plant is shaped like a
tunnel and hence its name., The slurry is fed in at one end and discharged at the
oppoeite end, Gas is stored in the roof of the plant which is lined with plastic
sheet and displaced slurry flows into a slurry reservoir at the overflow end of the

plant.
The top of the tunnel is covered with s0il to a minimum depth of 900 to provide the

necessary weight {o prevent the gas pressure breaking the tunnel roof when it is full
of gas, The tunnel design has certain advantages over the Dame designe.. It is
simpler to build and special skills for cemen%t plastering are not vequired. It
requires a shallower digester pit, so is useful where the water table is high, or
wnere the ground is difficult to dig. It is of a modular type of construction,
using pre-cast concrete sections, and so can be made to any size, by adding extra
sections., Decause of the ease of construction it is cheaper to produce.

Jewell's work sugrested that a thicker slurry could be used in a plug flow reactor
(Jewell et al, 1980b). Therefore less water would be required to mix with the cattle
dung and the total digester volume could be reduced for the same amount of aaily feed.
Tests with tne twunel vlant showed that slurries up to 14,5 total solids maximm {a
ratio of 2 cattle dung to 1 water approx.) gave the same gas production as slurries

of % total solids {1:1 dung : water ratio approx.). Subsequent research chowed that
the same cpnears o Le true for the Dome and Irum plants too (see chapter 15). The
tunncl design of plant has veen in use in Uepal since 1920 and is proving to ‘e

reliuble,

Plant Cizes

NOTE. As it iz well esteblished that these nlants run successfully with thicker
3lurries, all the tigurec regardine gos procuction ars baced cn a catile duns *o
water rativ of 2:1. This is different 1o both Drum and Disglacement desisns where
a ratio of 1:1 hes been used, It means a2 smaller digesticr volume is needed Ior ilhe

same g2f Production,

I By



Due to the modular consiruction any size ol plant can be buili, by alteving tne
lengtly or Sy running two or mors digesicrs in purallel, “nc depth of the plent
could also be increased in order to increxse it plent volume, vriovidea the oide
walls ave mide stivong enouglie 5o fv Llire: sizes of tunnel plent liave biva mace
wud a series ol Mve standard sizes is planned, There are two desims or digester
trenci. A tenered trench (Figure 4.2), witan the side walls made fron cement
mortar nlasierea onto soil (as in the Jome plnnt), 1t suitable in places where the
soil g of goud guality. 1t is the most coumonly used desim, 4 brick lined
rectanmulrr trencn (Fioure 4.1} is more avpropriate where the soil iy sanay or loose.
the crous-seciicnnl area of the tunnel, with ics arched roof, is about .10 3G eide
{"re.nen Vo772 sg.ize Rool 0,330 3q.m.). “ne masonry lined irench has an area of

fecd) uCaine, bui Gead spots in the corner:s nay reace this, sacn i meter lengta of

bumel wiset, tnercfore, is assumel to hiave an ef fective volume c1' 1,10 cu.m,

"he amount of gu.. that can be stored aepenc. on the amzller v- iume of one of WO
tiines:  either the volume o1 slurry stored in Jhe reserveir vhich reninrces the i<as
«ft 1t 17 neel, c¢r the volume under the piretie lined curvea tunnel roof, 1In tawnie

4ol tne veluma of slurry in the reservoir is used tecause this is the smaller of the

. - .. . = - . . A=0 .
w0 volunes, 13 2llove 2bout O5% of tae Gnily pus production at 257C to ve siored.

fo}

. a hisher percenwase needs to bc stored then the reserveiy can he exienneuy, Jor
cach anll meter - deition leartn to the reocrvoir an extra 0.3ém" gas can e stored,
he maximum siovuge under the tunnel roof is 0.5303 per metrc lenpth,

D.Cutze hos made thwee sizes of lant, ror simplicit and becausec the hosic
4

o
i
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gesirm iz nov Lein~ altered a* all, the sizes of those plants cccepted an
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rloned oo hoecome sirndard rre lisied v oobie e



Tlant "6 P38 TP10 15 4r20
Digester vol.m3 4a2 5.8 6.9 10,4 1349
Dame vol.m5 1¢C 249 3.0 Ge3 55
Total vol.m’ 640 843 9.9 14.9 19.5
tas storage* vol.m5 1.1 1ed 1.8 2.0 3.6
doriing vol,~m’ 505 T.6 9.0 155 16,0
input cung ke/day 80 100 150 200
Retention time lays 61 63 0o Y] 60
tas producceion per day'm5
lurry teap. 30.1% 300 nel 449 7.3 9e7
Ciurry s 25% 0 24d Zeo 4e3 547
Tlurry wenpe 204570 1) Te 2o 3435 4.5

Miis L
in tue slurry reservo

{

rable 4. ]

inpui

ire

£ controirea uwy tue volume of aispiacea slurry wnich can he stored

ne “yerzing voiume" is the meon volume of slurry in the digester pit
tuken over fero ané maximum ge.s SUOTEG, .

Gheracterisiics of Tunme) “lant designs

cztile dung mived 2:1 with water

Dimension (mi.limetres) Tdent. TP6 HuZ:] TE10 TE15 P20

Twmnel Lenzth A 5 500 7500 9 000 13 500 18 000
wrench uengih ¢ 6 500 8 500 10 0CO 14 500 19 000
Heservoii Length 1 500 2 000 2 500 4 000 5 000
Inlet rit Length I 1 100 1400 1800 2 650" 3550

# Cr use a ~ilxdne -acnine

‘fable 442

(bimensions in vhapier 6)

Dimensions of Sitendard tunnel Slints

(=3
—



Wpe of Plant 6 7P 8 (Y g ) TP 15 P Z)

Oement” g 300 400 450 600 800
sang ' o3 Te15 145 1,82 2.43 3.12
“:‘;m-ii.«;»&am(:';’;‘;oxx4 ;ioxx,?z? 1,200 1,500 1,700 2,300 2,900
Roof ooctimo (including 24 34 &2 €6 as
roservoir)
Pisatdo shest x° 975 12,75 15 AN75 Bos
Inlet pipe (100 f) 2 2 2 2 2
Gss outlet pipe 1 1 1 1 1
Resurvoir cover ] 2 2 2 R
Pavtition pleco 1 1 1 1 1

* Excluding requirememt for pre-cast perts,

#ateriale for coaponents Conent Sand Aggreg, Red 6 §
per pioce kg (litye) 1itre Utre .
RooS Seotion 5 (35) 7 1% -
hesorvady cover 10 (7,0) 15 2 943
Partitica pdoce 10 (740) 13 27 . 5e1

Table 4,3  Materinl Quantdtdes for standerd twmol plents using cement plastered trenoh,



Construction
lasonary. General inlommation ig yiven In chapler 5.

Detailed drawings for the two lypes of twmnel piont wic siven iu Mitures 4.1 anG 442
Figure 4.1 can be mede to apply to all sizes of pliant by altering the lengtins of
A, Cy D and I as given in table 4.2, iiaterial quantities are given in table 4.5,

Site Yreparation and trench,

The site is roughly levelled and cleared,

Using vrick wulls for side of trench

-

4 trench is dug width 1700 depth 600 and length o « A second trench is dug in
the centre of Lhe first 1370 wide and deptn 900 . The sides of this trench are
straight. “he floor is lined with bricks on their face and the side wells built
up 800 @s in figure 4.1 seciion I.D, Care needs Lo be taken when backlilling not
to pusn the wails inwvards, The top of the walls should be ressonably level along
the vhole lengtn or the plant. nd wal.s are vuilt 2t the same time. at the
inlet end the 400 P inlet pipe ie set totally into the wall and its mouth opens

400 up from the [loor to give space for stones etc., which might fall down the pipe
(i fure 4,3)., ‘tour wooden olocks are sct into the end wall for attaching the plasti
to. the end wall arch above the blocks is plastered smooth to protect the plastic
from getting puictured,.

Usins cetent plosier ior sides of trench

A tewplute (fisure 4.2) derines the shape of the trench., The ends of the tmplate
are placed on two bricks placed on either side.

tnd walls are built of mnsonary (~irure 4.3) and Lricks are laid alonr the sides
as shown un TFisure .2, These should be recasonebly level alons the whole length
of the plant. 1he {loor ana sides should e plastered al’ at one tiue,

Tunnel ool

rhe roci iz built {rom precasi conecrete pacto wde in a mould (Figure 444).

80 I.inrorein: 1o used. Ag vhe plasiic sheet ie lail against the insice o) the
curve it me.ne tl~L this oavlirce must Le smouth, racll plecc necds L0 be quallty

CnecKeu ant lerfirt. 1. .CCeB88:.TY,

IR



It is easy ic p. ce tie roo” bleces in posiiion il *here is one person on either
side of 3ine pit wnd one standing in tle pit. 4 sieel rod or wood pole helpsllever
tiie pieces into position, They are nel¢ there temporarily by pressine bricks
between them und the sides of the hole and later on a permanent row of bricks 1s
cementea in vlace,

If the plnstic sheet is to ve held in posiiion by using tying strings then it is
necessary to place five small spacers where the strinegs will go (e.g.twigs)

{Tirure 4.8) Letween cuch prir of roor pieces and at both ends.

s 95 B hole is cut in tue rool 10 sult the «as outlet pipe. It ie posiiicned on
the centrv iine and close to where the wall lor the inlet pipe will be built ana to
which tiic pipe will be altacieu,

(» new ciz.rmative system of removin~ the gas without cutiine a hole is shown in
FiRuTe 4490, L. 15 ¢l per ana much simpler to install. Tesis so fur on tiiis new
systan (ze poriuive),

The p=rition piece (Ji~ure de5) is Put in place, smooth fuce inweris and tic

wooders bloc-is b *h. betiom. On the inside of the plant 21l tuc Levels betvecn the
LuCs glcees vre 1211lel in and mrde mnooth and the joints on tne cutside closed with
cenent,,

slurry rescrvoir

)

Thiz is built the came wilth as the olant, {1130),  The length is msde to suit the
size of Jic »lant sné the amouni of gas waich is to he stored.‘

In tne rewow,cir it i essential to have a fillut to sive enough veight to the
tunnel roo: nieccs Lo prevent tnem openine up uiten ;a8 pressure is [ormecd in the
plant, This £i11¢t must be keyed into the side walls using a 1row of bricks
(firure 4o 1 scction uC}. The outlet level is 1130 above the botiom eize oy the
curved ro.” piecic. e openins is bell mouthed 45o te¢ reduce blockages due to
arying du.e,

‘[0 reGuce cosie, curver 0ol picces are used as a cover insiesd of 12t ones
except Jor 1UCu whlcl is aecess:uy for access (nirure 446)s Brick walls are built
up 900 fiom the botiom of tine Lunnel rool pirgeo And the curved nicces placea on top,
If any roof pieces el Aamasel in transit then they can he repoired end uased oo
thiis cover. The Ilai roof piece eb the exirdme cnd pave a uole covered by g

wooden cov.r, Yuig 18 to laecilitatc rumoval of & bucket ol slursy eecn Jlay for
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Lfeediny; tie e slurrcy with appropriate Lacuecia,

otwry inlel

Note, e cenisn of inlel pit shown is s'allow with a lacge suriace area so that
slurcy can uve passively heated Dy solar «.ergy in winier eather (refer volune 2
chupter by, wnere this is not required the depth of the pit can be altered Irom

150 to 350 anu the lensztn sihwortened by about 70,

The inlet im built the same wi th as the plani (1130). e extreme end wal® is
oveunun 1 oraer wnnt the inlet pipe can run sirsight into the digester. ‘the
lepesth 1oin wltered to suit tne size of tie piant ane the urlly input slurry voliume,
e Lepur 1o to wllow 79 1tor the slurry and 75 to .voir spills when mixing.

Ylaciic cuset linin~ 1or twmel,

Gas is ceovet :n e rocr of the sunnel using a plastic sheei 1502 wice x the length
of the tunnel pius an extra 1000 ror the ends. rvC o0.45mm turck has worked well
ane ie roocenaily easily obteinatle becausce this thickness is used to cover 3zats,
FVC or TVU basco plastic i nreferreu vecause il is ensy o repair or join using
rv3 nlue, - uirn frequency PVC plasiic welding macnine is preferahle for Jjoinsa,
Other pecvie i, "epal are maiiins tunnel plants using two thinner sheets (100 gauge)
of polycuiciene., It van ve joined by hol pleic weldine, rowever, it cannot be glued,
80 muictuse weonir is esmect Lmpossible, i1 is vezdily aveilable and low cost.

I ulack piastic sheebine is useu then it cesily can be ciiccked ror punctures'prior
to instal’l .ion by zoldir, 1t up to Lhe Light. Care must be taken not Lo pierce or
punicturve the rlastic waen Jivving it in ploce ang the sneet should be laid on a mat,
tacks or curnk. It shoule not pe salied on. %Two muthods of suttins Lue piastic in
place azve Seen ullQ.

Hyine strine.

Flastic sirinm, . cu CJoes not rot wien wet, is usel to iie loops (Fi~ure 4.7)
previcusl, welied ouco the vi.ctic siees L0 wire rotainer piecces tnrouzh nulea ia

the concrete o001 nieces Timure 4,0 Tive seis of loops .. witached L 370 1. .ervals,

Five LoGin, .Te iwrde LN €422 82U 00 CilUw Dol mioTlicTments. ffver Jittine, w1 the
noles tarouw: .hich (e strinc prses ere closeu with cosent. wnen tiis syswem is

useG it ir necessciutr 10 [it the pirstic gheet berore tne inlel and slurry reservoir

are built, in order 1o ret access.

4.7
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dtu thi.. method the plastie sheet ic surrurieu from unierncath by plratie n1ipes,
waich [it into the »rdisl #V' grooves vetween each pair or concrete rcol pieces
(rigure 4.3). ne pipe is low cosi, " bore, stilff, vlack water nipe, The
reaial V' srooves are not [illed in but sie mace smooth using ine sand and cement
LO cover up any rougnness whicii could puncture tie sueet. This is imvortant, The
ends of tue pipes have dowels put in hem and ere ne=iled into woolen bvlocks set into
the waiiy immediriely below the curved nieccs,

Care muot ve towen ab vota enus or tuc plent as only a halfiy" is Cormmec by the
roof viece. o Zul) P oeen be Jomnen by leavins o fnall 5=p of 10 = i5mm hetween
the enld in. une .djoinin~ rool piece an. using cement morias to foma tne full v,
vas oulet

0ly o the .5 cutlel is -dven in furure 4.16.  The ingide fuces o” both

che co
zteel Jirnges wust ve mecninea mag smooth,

the pire If posued throurh the nole in the twnel rool heside the inlet vefore the
ploctic met is inmuilied, 1t is neld in nositica Sxth a clemp and 'J' volis set
into the 1411 of the inlel pit,

the plociie sheet i cl=ave:r “evucen Tabber raskets (male rrom wotor vihicle inner
vubcs} “oeowieel Jlenges usine brass bolite thae rit into threaded noles between the
rublier | sokeun.  After Lichiening up Lite iooue Jlanme, the centre nole is cuf oul the
sene wize as toos uore of ihe vipe, uzing a sharp knife,

Cemeni 1wt sound the oubsiu. of the pipe 10 serl 1t ond prevent slurry leaks which
WOuLG cilic.ricse occur,

rractical exverience wiih "minel Flanti.

Six plrenta, four cf Lhe }TB size hone Leen built Jov cuslGuers in weprl, A1 urve
workel well Jor (e 1 to 4 years they ha.e been Luilt., Irpecicoce with ono nlant
Baove Lo necersity for tne lillel in wac Llursv verervoiv Lo n1old soen Lhe rool
sectiont -~ lncu the futenel urn pressure, i1 Leles ioothe wunel rood ool ©O be
CLO8LA o wlBe Lluroy LIl1 wowe Ouy unde. 8 5 Dressure,

Lo LYELET.. veLcr Dl Co. solding Tue piastic sneev in vwi-co neve been used wutb
neither syseen 15 wertencu, It WL nicotic ALDE HVELOM CATE Na8 TO De tuien .o pet
the ow.eo smoolh and wo press e nipe i-~.tly into position otherwise it can slip

out =igdewvys. ‘The tying vysvem oriy proviced five *ies rre used, .hree provea to

‘ AR W



be inmuificient to hold the sheet close to the rool anu sluriy collected in pockets
between the roor and sheet. Accese to the outer sarface o: the rool Dieces is needed,
Over 70 experiments to find a suitavle locally nvailahle zlue 1o a.tach tiie sheet in
place have buen unsuccessful, Currently a new system t~ hold tue pl-stic in place
is Leine tried. A pair of helf-inch water pipes are made in.o an '[I' shape but

with tyo cross pieces which are made out of stii. (3.5 P GI) ‘ire, This frame is
pressed upwards tighily aseinst the plactic sieeiv snu che four ends of the »ipes

rect on uri;ks protruding into ihe plant imuedistely below the arch., Yairs are set

at 500mm intervals and single .ires used to cenneci the pairs (Wigure 4.10), This
syaten is the easiest to install, The sas ouclet Fi~ure 4.11 works well and no
blockages hrve been reported, It ic expencive to make and needs carc in insiaill~ ion.

The new cystem (Ficure 4.12) io lower cost an’ much ¢ .sier uo instell. li is oeing

testeo a. present,
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Solection of Design, Size, I.zterials and Jite J. Hnlay

Chapter 5.

Sesigns

The aim in Z.C.8. has been %0 make biogas plents that are low cost, but also

efficient and maintenance free. Full cdetrile of the plants are given in chupters 2
TLoating Jrum planmt, chapter 3 Dame plant, chapter 4 Tunnel plant, A1l three designs
have heen thoroughly tested using cattle aung fed in daily.

The floating drum design was the best known when teCebs started its biogas work in 1974
The concrete dome plant was introduced with tne aim of eliminating the expensive gas
arums which were difficult to transpori to remote sites and gave a serious rust

problems It was also cheaper,

¥inally, the tunnel plant was introduced to further reduce tne cost and aleo Yecause
it was evsier to build, eliminated the neea iox hign plastering skill and used a
thicker slurry, and so regquired a smaller digester volume., Later research indicated
that thicker sluriy 2lso coulsd be used in eli plants zlthough in practice it is only
used in the tunnel plant at present.

Adventages nnd disaavantazes o, the threc desims

floating steel drum desisgm

Jdvantzres

Ay vares

1s vimple %o build

2. Consiant low gas pressure

3. Comething visibly impressive
to show friends

Concrete dome design

Advantgges
1s 20% cheaper 4nan steel drum
desizn (in lepal)

2. rasy to irnnsvort anywiere

3. Lasy to insulate

Disadvantgges
1. rxpensive
2o Rust problem on gas drm

3+ iar: and expensive to transport gas
drum off roads,

4 Jara to insuiaie and therefore depressed
8as procuction in winter,

Special requirements
Steel plates,

Disaivantigee
=xScuvenlleper
1. Varying gas pressure

Gpecial requirements

1e acrylic TFlastic vmulsion Faint

2. Specially troined skilled Plecierers
cun Mmasons,



advantieges Disadvantages
1, 20 cieaper tnan dome Gesign 1e Voxying gas pressure

(35 cheaper thin steel drum
design) in Nepal.

2, 3Simple to build

5. Basy to insulate special requirewents

2. In ravote nrecs pre-cest parts may need
to ve mrde on site,

4. n9uular conet?uction allows any 1. Strong plastic sheet
size to be made

5. fre-cost parts can be male and 2. (Plastic welder i) sheets are too narrow)

stocked during slack builling 3¢ (IVe plastic glue i¢ TVC sheet is ueed)
seasons

6. vhallow hole.

Choosing a Gesign of plant

‘nen choosing the most apporopriate design fo1 «ny particular situation certain

points need to be considereu:-

1, svailebility of constricoion meteriels ana okills, especially those items
listceé above under speciel requirements,

2. Locel cost of materials.,

%, Mrans.ortetion of materials,

4, ‘ater table, i.e. can a deep hole be dug without water quickly tilling the hole?

5. reed material to ve used, D.,Cel.'s experience is almost exclusively with
cattle Jung. Gtner materials coulce ve used such ass

i} pig dung washed into the plant with & low percentage totel solids
necessitatine a large volume and plastering the aigester to avoid leakage.

ii} corcosgive slurries sucn as night soil,

iii) vegetsble matter which will need to be manually removed {rom the plant

from time to time,

6e ~ir taaporaiure and whether or not insulztion is needed,

Seiecting the size of plant

Plant size clarification

In Asia twe vasic metnods o classiiying plant sizes :re useds-

a) With [loating steel .rum édesign i+t is the naninal expecte. gas procuciion per day
in cubic feet. This ie very misleading brcause gas production varys o rreat
deal depending on severil Jrctors cut esmecially deily wluryy input (too often
people put in too iit.le) ind siwrry temperafure \a reduction irom 30°C to 20°C
can reduce gas procuciion uy 50%).

0) With ceaent dame znd tunnel aesigms it is the total voluns of the ligecter under

tie :zae storing roof,
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- ‘hege two systems are not lirectly ccmprzrodlie. Tovever, Liey can 0e coiooed

. - - . . " . | ’. T
once tue volume ol slurry in the (igurier ls lnown (in ihe cascnt dame =nd Lumel
Plante it is the avewege amcunt of slury, over o lay i.e. the totcl vole.c 1e8s the

average Ancunt ol gas storud Hulch ig cail d *he “wo.'.ing volume').

Tretor: alecting ,a. piant size

there ore five main Jactons witich avicet jau vlent sizes,
1o Amount of gas needed,
1t muy not be possible tc provide as .mich gat Cs Cesired but a2t lesst it is
helpiul io xmow uow nuch iz wanted:
In lepal it is cusiomary o ., two Menls oolay congisting o boiled wice,
ientils and currirca ve-ct-hles, “hete mey 2lso be an errly morning ond mide
after.ocn snaeck. It ars heen Jount uh~t wn er theve ciroumstances thai it trxes
.20 to 0.4Cm5 JAS per Derscn per iay. Lihte re-nive J.15mb per our wut nray
consume up to 30 more ii whe as vrecsure Lo ;tirh, ‘nzines use a maximum of

-
about J.AJmJ Per horsupcwer per aour,
2. amount o dung avallable ver any,
41l 100 often tnere is less dune ~veitanie e, gxpeetel therclore it heo een
iound esgentizl to mevsuse the capm Jor abt 1o ni 3 ow.¥s in cxier L0 ¢ a Teir
iven of the amount of dun~ -srilshle, 3% ein he seiphed or its volume neasured,
tre lisme 0. .unsy weirl nreswec vem iz ainost <octly one kg in weisht,
# bue.eloe, which i styble DOWd, ¢An ue AXPECTEL. 1O provice about 135« duns per dey
A cow or ox, " " “ 4 ] " 1 10kg 1 "
Hdaving given these Cigures it is still very imporient to actually meusure the dung
at cach pronosed rrs pl?nt.mite hecoare 15 ean fewy 8o mueh,  Dee little aune

eqguals too little gas!

e JummLrciure,

seetelic in gew plenes #r. Lumperature censitive and mive reduced cas procuction
et lovexr temperatures. Ilﬁnﬁs in the soulliern plains of Tepul opersie o

veper lures rangin: cser Like woex {ron 50°G to 202, fThis aflecte mag vroduction
by about 57,0, ‘here are uye Lo iucre:sv tue teupersiure which erc siven in

cnapier 10,

ak



4. lesidency time,

The residency time is the working volume of a plant divided by the daily inout
mixture of dung and water, ‘The lonker slurry is ieot in a rlant the more gas
can be obtuined from it, but at a slower rate per day after the [irst apuroximately
40 days, A longer residency implies a larger cirester is needed and this in turn

increases the :ost,
5« Slurry thicknese.

Up to the present time it has been romial practice for steel drur and concrete dome
plants to be fed a slurry mixture or ung snd wa er in the ratio of 1:1 miving a
total solids (7S) concentration of & to 9%, In tne tunnel plant a ratio of 231
(12 - 15} T.G.) has been used, This meant tnat ¢ tunnel digesier couldé be reduced
in size by 27% and yet uold the same -mouni of solid matter,

dowever, seiesrch hac shown {aol. IY chap. 3 : 6) that elurry moisture detween

o ani 1..5 hzs negligible efrect on the rate of a8 yield in any of the three

desiyns of 2ng plant J.3.0. Lios used, 80 5 thicke. slurry can be used in sny plant,
6. lost,

“he muin controlling inctor is ihe size o7 lue diesier waich ic afected by ‘tne

slurry tnicaiess usel and reoiiency and of cownse tie cmount of oo Tequi_el,



“a3 Produciicn Calculations

ror theorv rerer volume II chaptex j.

Jorcing velume of digester s V M3
Daily input volume of slurry ° t 7 m3
Daily input weight of wet dung : Vg Kg
Froportion of dry matier in dung s Do sb
(¥or fresi cattle dung D = 20,4 approximately)

netention time : R qays
Teedstock concentration : So kg‘/m3

) m3 (.:TP)/&&Y
rg m’ (317)/%g m’ day

Gas procuction per day at 37T

wate of cas production

Constant (frection ol volitile solids in
{eedstock) s £

{ror crass Zed cattle ana burlaloes f = 0.74)

netention time R is ziven by

and is usually between 40 und 140 days.

|
ETae

The feedsiock concentration Jo is given by:

50 = ﬁﬂ_§_§i anc is urually between 80 and 140 kg/m5

The rate of ses production per day rg is outained {rom the grapn "Rate ol sas
prouduction vs netentlon time” (Eigure 5.1) once the retention time nas teen

worked out and the slurry temperriuvre is nown,

55



“he gna production per day at Standerd Pemper- wece ano D resmure (.’5&’1‘) G is given by

C = rg SoVF md (SIT)/ucy

Ihe gas production per day at any temperature is given by
& (s1p) (273 + gas temperaiure °c)
273

For example:
To find tne zas producticn at 25°U
6(25%) = Gy (273 + 25)
75

= n’ (25°C)/day

vhen there ave two unimowns, i.c. wien tryvine to work out both retenticn time

J'El

and working volume, it can Le .one by superimoceine a Cracine of SLapn rg o=

fos

’ . . N “ N . e .
(figure 5:2, on top of rraph of rate soopretuetio o vs reteniion Lime at

different temperatures (rimuzre _',.1). Ser Txonple o,

TOCample 1, ‘nat is the was procuction taat een be exoected fron # TH10 tmnmnel
plant uncer tie “ollowin, cond:iticns.
Joriiing volume 9,0m”’
Jattle .ung led in daily 190 kg = Go1om
Slurry -enpcraiure 250\"
wng vater ritio 2:1
v 9.0 _

e Lo bl N == = = 0 o

tetentio:. time 2 ¥ 0,100 + 3.050 —_Lb( U £5)

; e _ AgDn 130 x 20 C ixn ame e o3
feedstock concentration So = F° 150 x 300 = 1334333 ke/m

rrom grapa [igure 5:1

4t reteniion time = 60 days
and Tempe.nlure = 25%
the thi.c unknown exn be found

- . . A 3.
nate 0. uu productioa = O.C()ij5 (a.u/nm’ aay

uas production per day

Y =18 So Vf
049025 x 133,333 x 9.0 x 0,74

]

i

2,22 nJ (319)/day

i

5.6


http:unknou.zt

2590 G STP !2;1 + 252 = 2,22237:-228
2

= 2,42 p/day at 25°%C

Gas Froductien at STF = 2,22 m3
Gas rroduction at 25°C = 2.42 md

Q >
(o]
il

ixample 2

A fammer reouires ge#s to cook for a fawily of 5 and requires tuc lighits. (me will
burn in tue <itchen for one hour a day and the other will burn in the living quarters
for lhree hours o Jay. Ile plans to use a nlant witn 2:1 dung water satio. The
averace sround (and therelore slurry) temperziure is abous 27°C. lie only has 50kg

of ~my _wvailable per day, what size of plent i requiree?

Lar requircment per day

300
15 m” / day

) people & 0.3m” / person / day

4 hours of lirhting - ().15m3 / hour = 0,8 mj/ aay
Total 2.1m3 / day
reeasiock coucentration
T R e R s 135,337 ke/n
+orsin. Jolume 0f .igester
7= @R ({rom formula R = %{ )
= 0.075
Gas Troluction per day at STP
~
an . L= ~ » 7oy
e = =g (fram S = rg So ¥ )
— 1.:’
1334357 x C.075R x 0,74
= 94%51 m (5:F) / kg ud day = g

Tutiing trocing of ~raun fifure 5.2 o Lon ui +raph fijure jo1 and natching up the
axis,

Sarll whore e oo groon lines ol osi.

- GedDT iy Just Ceve tie U.dn P STVVN

P o
°C an. % NBe

3]

b

7°C is propuriicnaily bebween 7,



uraw line dowm to Retention time a_= 94 days
Working Volume of digester

V = FR

= 0,075 x 96 = 75

“he -8 plant built should have a working disnster volume of 7+35m”
Tran tne table 9.1 SD100 = Te1y CP10 = 9,0 and¢ X. = 7.6, ‘the decision es to
wihich plant to buila will depend on other factors previourly discussed in tnis

chanter such as builiing materiale av:il-ble g, LOSi.,

S D C N TP
Plant type 106 206 350 500 10 15 20 6 o 10 15 20
Hork.Volam” 7.1 13,0 24,0 34.0 940 1248 1744 5.5 746 940 15.5 16.0
Table 5.1 Yorking volumes o: stoniard oize gae plants,
5.8
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Consiruction Techniques

Uement moriar should be the ssme strength =& the bricke or stoner it binus wosether.
4 ratio of 1:6, cement to sand, is average, although the ratios may vory from

1:9 to 1:4 depending on the quality o: ithe ssna and cement, an. hricks or :toncse
Strick:ly opcaking ratios are by dry weight but in villares this is imvossibic, In

prac.ice ratios are measured by volumc and this lag pexfectly salic’actcry,

Concrete usel in the D.C.5. designa is noxmally « 1:2:4 mix ¢i° cenent, sen. ¢ zravel,
allhoagh 2 mix of 1:3:3 mix which pive: a morc compiet mix i used fer e ~utarete
come.  conerette must be careully compacted to avoic air pockels {8 tir .oi. in
concrite muina a 20,5 lose in surengtn - ferrvit), The cemenvy, san. ind ravel aust

be thorous’ ly mixed cnd laen J.e minimun amouni of w to- uel "0 wiie "% eale, T
nedloo e Ttocure: for ol lensy T days betorc cuy lond in put on iv Ly scopine it

domp by covering sita wet sseks or coverime iin water.  Jmall secticns suen as

‘unnel roc? ricces can e cureit under wate .o, it 2 pon. or girena, artes *he - hove

el ror <. rouzi,

vonsimic..on pinster, Tuig il . 2. Lo 30mn rLogtor po-lied vireetl: ornle tie coil

vor ti.c o onli [loor o: beill bae cement iome sand the tunnel nlralce, el over
500 planis nave been built usiny this noi.od sne @o Ar nere hase oeen no reports
of Iilure Ll Jiac gystan of conaslructicn, he cenment dome desiim cr'le for .nree
iayer:s ench 10mm thick o: 1:8, 1:4, 1:% cc.ent sani mix, The iunuel plant cnils

for one 25mm layer 1:5.

vonstruction catures

there ure several comuon consiruction r'evatures,

lnlet pit, {fiure 5.3) This pit is required “or the daily mixing of % cung with
water, rfor convenience I. ia designed to hiold the correct amount of arily «lurry,
with an awgitionxl 75 o 100mm in the height of the sides to prevent the slurry heing
8pilt while it is being mixed., The inlei pipe is uwel in the loor anc ther¢ must be
no oostruction from any side well whicu would prevent a pole o» rod veln~ pushed

down tre pipe in cuse of any block:irem. . plup needs 1o be prov.ded for ine inlet
pipe. Variouz thin-g crn be used sueh 63 1 woouw plug, a netal plate or a stone
wreanned up in « piece of aack clcth. A remcveable sieve ¢an e fitted to the inlet
Pipv lo prevent sioaw and luaps ontorins the Giccster. The Jlcor o) She nil i
level, .. hole in tnc sice welly fiticd wdty 2 w1ug is mede to racilitate =hc +ashing
out of the £it :ni ramcval ¢ rainwate~ tich 0.1l otherrise enter iie plant and

~d

ailate tac slurry. <he inlei pit shoul’ not b built on soit +0-4 was lepiicel *Tter

consiruction becaune this may well ciuz in 4ime anc  fSe. rain o . vrea: the inlet

pipe.
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Traditional mixdng pits are 400 to 500ma deep, fowever, shallower piis (150mm deep)
have the advantare that the mixed slurry can be solar aented befor: heine ¢ into

the digester (refer Yol.II chapter 6) resulting in much anigher gas producticn.

Inlet/Outlet;pipes. Experience has showm <nat 100mm diamter pipes arc Lhe test for

botli inlet and outlet pipes, This is irrespeoctive o:f plant size and waeli.exr

131 or 2:1 slurry ratio is used, Omaller pipes tend o have requent Vlock: . e,
Larger sizes ad? urneccssary expenses Any low cost pipe can be used, e.z. asbestos
cement, concre:r or tuwnt clay, It i essentinl that there are no bends in tae

Pipes, ao vlockares eacily oceur in them,

cluryy wverflow

In rone desipns of biogas plant, the wicestod slurry leaves the plant thwoarh a AP
in the top of the direster rit ov slurry reservoir walle  thic zap should ve ai
leact 150ma wide and be tupercd ~uay fram tun ingide, like e bell moutn virure 5.3).

This arv.ngemen. reduces the tendancy of i slurry to déry oub ané block the TaPe

slurry sixing Tool

Many people in Fepal mix the input clurr, by hen., 25 colile Gune is not coneidered
obnoxicus. This practice i not recommendew, as Junr o’ten coentnins patenosenic
bacteri-.. A elurry mixing tool (fiwvure 5.4) hns been desiened, simil x tc o rake.
The wire nesh atl the end enn be used 1o break up lumps of dung and ~lao to irap ctraw

au’ ollier umterial lasi nay c-use scum proulons,.

Slurry Fivire ‘achine

the mixin: m-chine upsed in *epal (Firure 749y 546 and Table 5¢2) ir an adapuition

of an Yndian Jdesim (KViC, 1772), which, in turn, is based on a machine use: %o hresk
up pulp f'or paper making,. The slurry flows rround the trousn, driven hy'a nand
operated paddle wheel, which breeks up lumps as Lhe paddles pave over # bar cet in
the “locw. .\ coursc sieve rumoves straw and otlier larse items.

“he padiic wneel, of celded steel, is bolied onto & vhaft of 31 pipe. e beater
bar is set in ihe {loor with a gop of 10mm beiween it and the totiom of the paddle
wheel, The snaft runs in iirrd wood Lesrings corked in oil. “he rnaiug »4 the
fronl oi' tne paddle wheel oan be easily muue Ly stiaching o piece of .oov :hicl
protruces 29mi to one of the padile blades and usint this az a <ame.  Cover: are

usually [itted over the paddle wheel to avoil #mlashing,

A cnanmiel can be aade in ine [loor of the .achine #i ‘ne o rst point to cellect
sand eic., which cen be removed via e 100 ¥ hole in che -nil. lugs need te Le
prosidec Jor uoth this hele and the inlel.pipe hol.., ‘he Csuenee of a mixine
machine ic usually only justiiiec “or 1-. i vlsnis. it i ormelly operated
with all 1/2, 1/3 or 1]4 ol the laily inpe’ Jlurr waea 2ille” "o about the top of
the clope beride e vadale wheel, Too ruch ¢r too little elurry wili makc the

machine ci.ficult to operate,



Because the slurry in mixing machines is deep it eannot ecsily be hented using solar
energy., Instead, the water used to make the durry can be put in uncovered tine or
buckets which are set in the sun from moyrnin~ io wid~-afternoon. Tests have shown
that if ihis is done and there is no win2 #n* the zir tempernture 18 in the region
of 16° to 20° then the water tempernture will vise from about 15° to 25°C.  ‘his
is a significani rise of 10°C which will increase the slurry temperature zné result

in inereascd gas proiuction if it is done inily,

Addition of a Jatrine.

In Zepal and for cultural recgons it hns, 1o Jar, been rarely ncceptable Lo have a

lotirine attocned to a biopsas plant. nowever, whewe poasible it saoult Le :ncouraged
as it improves sanitation ang inercages zas proiuction as it is rich in nitrogen.

A latrine can be ez8ily fittea using a sepnrate pive wnick roes into digester near
Lhe inlei. 1t should be at leas’ one thiv: Go.m the vive of the plent (to urve a
lot of digrinec going deeper) ana nrotruae =% leinst 500mm into +io plant to ret the
night 30il +nd water mixed in with the slurry,

The base of the toilet must be .t lesat us high os the tlcoor of ine inlet pit to
allow easy flushing, vhether ¢ woter peul is wsel in the latrine or Aoty there must
be come re.ns of access for cleariny the pioe to the Tireater in case of . vlockage.
Tniz ig ‘mwortont, To prevent too much 4 tev mieriy o toe plent the [lush wetex
ghould be reutricted to onc 1li:re per Wty -w Jleor of the latrine should 2lope
way frow 4ac bowl to a drain hole in toe w2ll so that vwien clerning the .loor with
water any soil cr ummd hroughi in on peoples rucy an. ~luo the vwater can ret away
without ¢nuering the cigester.

fith steel drum plante the toheal doily input from tuc latrine should not cxeeed

15 or 23X of the doily feed to the plant othew rdise Lhe slurry may became too corrosive
ant et out the steel drum rapidly,

T. the cutlet slurry rrom the #as planl z2ppeers to be thin due to dilution by iluah
water c¢itc., in the latrine then this can be compencated by making the catile fung
slurry thick. r, aowever, sufficient waler must be alced Lo make the cattle ‘uns

Juid end to orear dom all lunps,

Sompos. dan oo slurry colleciing tanks

tnlegs tae (15 slurry (e:gluent) coming out of *i:e niart ir tolien directly to the
tielde tacn day, e,s, by puttinr it intc an irri~iion ¢ual, it aust be srorec until
required, conpost pits or slurry collectine~ tanics are usunlly dup close to the plant
80 tha* ihe effluent can {loy iirectly inlo them. sasonarv pides 10 the NLits are
not esseniial but they do prevent weods srowin: inte the compost. Tor the eske of

Bafety it ic surgesteu thoi compont piie ore not more then AOOMT deep,
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The volune of the pits should be sufficient o receive the amount of cfiluent put
in per day multiplied by the musber of days between captying pits. . The slurry
volume will reduce as moisture evaporates or soaks into the rround and thiec cen

accommodiate any cempost meterials such as znimal bedding vhich nay be added,

Selection of gas plent aite

Every gas plant site is diffsrent, Assuning the ground is suitable for ldgeing
a digesier pit, a careful selection of the best site hus to be mece consiucring

perconal nreference and technicel points,

Tecanicaliy, ihe sclected site preferaily shoul. be:

1. Close to where the gas will be used, tag pipes arc exvensive,

2. Clone to supply of dung and water to save carrying them,

3. dlosc e compost pil or slurry tank o tusb oid slurry cen dow there wiinoud
h-n~line,

A4, Wt 1 o1 10 to 1) netres auay frov shnllow wells to wrevent contanination,

5+ Lome isionce from any trees whose roobs might grow into ihe digester and
CRULL UTMAsC,

t, in tle sun to xecp the plant wiam,

Te Trotceted from cold winls ihal cause heat loss,

8. ot “iabie to flocds whiech cowlé dilute the slurry and domage the plant,

r'T.

Al LkLap. . oF o selected aite is wiven in [irure

513



]

Production/ Vs Concartrats
n

2 21073

wm

). (STAYkg.m3 day

G _
&

cn x Vo[umeg
E N

()

Oady Gas

Symbols
g X 30.0°C
‘ \ + 27.5°C
0 244°C
! o .f\ 4 203°C
) —— Interpolated Values 25°C
X = Grapho! y=0-178/R
Extrapolation basedon Theory

0 11'0 20 30 40 50 go

washout

Figo 5e1

70 80 S0 100 1o 130 130 Ko %0
Retention Time (R), days

Rate of Gas Preduction va. Rotentien Time
(Source: Vol, II, Ch, 3, M. Lau-Wong)

Sel4



To use this graph, superimpase its
0-006 + tracing on Figq. 5.1, and the
' intersection of +the appropriate
Curves gives the solution,
0.005 i
0-004 F
0-003 B 'i_‘
mie £= 0.0 )
n z> 0-35
7 oo0r F #- 0-30
£- 025
Z= 0-20
ooot t+ £- 045
2= 040
1020 30 40 50 60 70 80 90 foo 710 120 150 14G 150
Retention time (R). days
Fl'gura. 5.2

Graph of y = 2 (M. Lau-Wong)
R
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- Chapter 6. Gas Fipin~ and .ccecsories J. Palay

Biogas is taken ‘rou the ~.s »lant to uacre ii is ic wo usew througit ~as pipa:,
Galvenized ixon (GI) pive is the mosi co iwonly ueel pine ‘n ‘epal ac it is readily
available and cannot ree.ily be cui by uni. e or iodents or lampge’. by sun li.ht
as is the case with plustic pipes, Tipuwvo.'t, ecpeciclly lolats, .ust be wone
well to zvold lecks, Sals Ln eopreiclly true wila loie .nl twnel plants wien

the sas pressure wces up to zuout 1200mE .itre

Biogas conjains moisiure, waich econdenses into .aier especially in undereround
pipes nez2r the gas plent, ‘This must be rained irem the -as pipes otnersise it
will collect and vlock the pipe, “nere ‘ors, 2ii ﬁipes nusy slope towaris a trap
and drain (Firure bet)e ‘he recomiented siope iz 1:100 but eteeper slopes can
be usei, Failure to slope %ne pive:. en’ vrovice <rains are comen fauits,

iost pipes are laid unierground I'rom ihe nlant to ke l:ouse. .nis is simople and
is cut of the w:y, - ’

There is ol'ten coniusion over pipe .ize bécause Gl pipe sizes »e=Tcr 3o thie naainal
boze size in inches wi.ercas the pieceiic pipe sizes reler o ihe outeide pipe
disneier. neler teble o4,

Jas piping is expensive ~nc it ic impoctant te .eep ‘he lengih os shert 23 possible,

Galvanizel iron (CI) Yipes Flastic :ipes
“uoted D (] wuoted It
gize Tm m ) Bize = mn
inch (D mm
T 16 21 20 15
"
34 21 21 25 12
i 27 33 32 4
Pl 55 42 Piv) T 30
tn 41 48 50 50

Table 631 Comnon pipe sizec

kote: The {u of GI p'pe:r .nd the 2o of .1-:tic pripes vary dupencine

on the preesure the rine is desirme’ 1o %::e,
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Plastic pipes

Criginally many planis built by D.J... iz plistic piping but bvecause of various
rroblems it is only used on very ruvre occesions now, such as, where a very long
Pipe run is required, In this cuse it is chcaper to buy, but carelfvl supervision

is.needed to see it is insir~lled correctly.

Only the best quality plistic vipes snould be used, Recyclec plastic pipe
(recognisable by the rough surface on the insiie of the pipe) should not be used
as it will be uzrd to meke €ood joints. [Ilastic ovipes nust be laid deeply and
properly in sand, otnervise rocents (c.g. r:ls and porcupinee) may eat it or it
can be dimaged by heavy vehiclci.. passing over it or cut during agricul tural
operations such as ploughing. Care nusi be taken, especially with small pipes,
‘unt the pipe is laid flat in .he pround sn’ nci in wrves beczuse water collects
in eech hollow and causes sericvis blockase problans, If the pipe iy =zbove ~round
then there is 2 conger, uniess i% is protectrd, ol damare irom the ult-a violet
rays oI ine sun, vhich czuses it tc crack and :lso mechrnicel damege, e.;, veinr
hit. ‘he pipe must be well supporiczd tc preveni it sageinr sncd collecting vater, .
& difficuliy with plastic pines is i zins res tignl joinie with siecl pipe. It
can be done with care, The plastic pive ic nested until soit. The moutin oi the
pipe is enloxrged a little with a slishily tovere«d piece of woodc, Jne pipe is
then prensed on <o the steel pipe and houn’ on vitl. wire wiile still hot., in

this wuy a 25 @ plastic ripe could be fitied onto e -~ % GI vipe,.

Gther perties in epal use plastic pipe exiensively wiih tunne). plants.

“hey heve not experienced- N.C.S.'s problems Ith rodents znd machanical ramage etc.,
and have found that the high pressure as i'orcos cordensate along the pipe to a
drain., The zarantages claimed are uinimum le.s eczuse there are so few joints,

the pipe ig lower cost ani it s quicker to instrll.

Galvanized iron (GI) Pipes

These are camonly uned as gas pipes on: ihere ic usu 1)y someore available who is |
femiliar with laying; ihese pipes ‘or -ater. ne m-in éirercnce is taat the rpipe
must slope to & drain anc tae joinis must he oF - very aien standard Yo yrevent
leexs. Joints are mpde using a Jjointia:s compound or e<iff pazint, and jute fibre
wound round lhe tureads. If same el Zews weader is suced to the jointing
material it will turn black if lherc ic &« lezi due %o the =races of hyﬁro~en
sulpnide in ise gas. Thie is not :ecentisl but it is nelpful waen looxinc~ Zor

a leax.

Various fitlingy zre neeicd and a selecticn ¢ tiae rost comaon ones is given
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Often a gas plant ie working well but ine reason why the farmer does no: Have

enough gag is due to lezks in the gas pipe. It cannot be stressed too much that
all jointa must be of a high stendard cepecially for uih pressure ges fro. dome
end tunnel plania,

ceing gelvanized re additicnal protecticr is requirea Jor ine pipes except wuere

the soil is very acid,

In that case the pipes shoul.l be well covered with paint or

tar. In steel drum plants the zas pipe is attached to tire supuort cide as siown

in Pigure 6,2,

A socket is velded onto tne support guide pipe. (. niople is

not used as the external threads are liizely to ne <omased - uring handling),

Dy using this system a certzin rlexibility is civen to the ree vipe which wrkes

it muach easier to lay it at a slepe of 1:100,

Aith both dome an¢ tunnel plants it is wise to have a union coupling near the «as

outlet in case slurry enters the gas pipe and it lL2s to Le -lirmantlec and cleaned

out,

Titting

Yame

use

=0 @ ] QO

L

]

Socket Coupling

7o "join 2 lengtihs of pipe,

Elbow (1) Qo join 2 pipes at 90°, iither same
or di{fercnt cize of pipe (reducing
elbow,

Tee (1) 0 join 3 pipes, breach at 900.

fedueing Socicet
Cap
Plug

Unicn Coupling

iiipple

srancn can e 1'or same or smalle
size ol nipe, )

7o Jjoin 2 different asized pipus.
To close a pipe
Jo close a socket

1o join 2 pives, without turnins
either pipe,

o join f£itiings,.

Teble 6,2 Coamonly used 71 pipe Sitiinrs,
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Gate (Full way) valve (Pigure 6,4)

Gate valves are used in water systems and are uscually readily avajlable. D.C.:.
has used many of then for all applicatiohs. Usually they are rather expensive.
Farmers who nave never used a valve before tend to overtighten them and break
the spindle.

Créinary w-ter taps

Jater taps are not uaed because the gas pressufg-is not sufficient to open the

washer usel in these tapsa,

Quartor turn gzs taps (Pigure 6.5)
These are commonly used for low pressure gas. D.C.S. had the taps held together
th a sprirg and split pin instead of a mut so that the plug would always be held
fimly in .ocition even if wear took place., These taps show clearly whether they
are on or olfi. If the handle is in line with the pipe the tap is on and if it is
z.ven a yuarter tumn so that the handle is across the pipe then the tap is off,
the tap in fieure 6.5(1) cen be put in a gas line or used for a condensate drain,
. whereas 6,5(2) is suitahle for a rubter tube to be 'atta.ched, for a burner.

‘fhis type of tap is currently used for all floating steel drum plants. The locally
avziiavle qunlity are not satisfactory for the dome and tunnel plants as they leak

due to ine nich gas pressure,

If a tap becomes stiff it can be oiled by pulling the gas tap handle against the
sprinc and pouring lubricating oil around the handle and into the hole,

vegetsble oils, e.g. lineeed, sunflower, mustard seed oil, should not be used.
Thewe o0:ls b come sticky in time and make things worse rather than better.

lieieie waPps Jor high pressure gas

D.lels h-s desivned its own taps using nitrite rubber 'C' rinss to give the seal
insteed of brass arainst brass in the quarter turn taps. Quite a rmumber of taps
to the cesi;m in figure 6.6 have been used and after strensthening the spindle and
handle tiey have proved to be much better than the quarter turn tzps, The bottom
rine comes orf on ocoasions and with so much turning there is a likelihood of the
unper rines wenring. To overcome this problem a lever action piston valve and tap

neve been leveloped (fisures 6,7 and 6.8), Prototypes have been made but the

valvee nave not veen {ield teated yet.

fnen moking cos tape it is very important to use lead free brass., The tracec of
nyiroren zulohide in the biocas combines with moisture anc attacks the lead

cousinr leaks,

Ball valves
Ball valves made for biogss ere excellent if they are available (Figure 6.9). The
problem Tor a local workshop is maiking the ball_a smooth, spherical and with e hole
ena slot. .. quarter tum opens or closes the valve,.

" 65 a



Condenozte drains (water traps)

conuensed moisture lies aws water in 2386 pipes and wust be removed regulaxly to
p.cvent blockeges.  Drains must be placed -t the lowest part(s) of pipevork
(Fimuze C.1) for this purpose.

1oCay uses two designs of drains; drainsock for ghallowv applications and dipper

pipe r'or Geep applications.

rvain cocks  HMeure 6,10
seraensate collects in the 150 long branch pipe, A valve cen be put on the end

out this is expensive, ihe system illustrated is low cost and effective, To
operete it ihe brass screw is released until the condensatc passes through the
am :" side hole, The serew ia tightened up after all the condensate has came out,

vipper pipe. Figare 5,11

Jue aipper pipe cevice was dcsifmed for use with floating steel drum plants with
Tas outlet pipes that come under the side of the :irum whioh are at lenst 1 metre
w ' ersround, It eliminates the neea for a deep hole in the ground for the

condensz.tv drain, which could easily fill up with rain water,

Tt i decigned for gas pressures of 100mm WG ani'lesa, Two designs (figure 6.11)
have botir heen used in large nunbers. The Jommer desimm which requires more pipe

ane iz acre wirficult to make is only used on rare occaaions now,

Condenrate collects in the "i' tube and is 1ifted out using the dipper bucket which
iz on tire end of a long rod kept inside the dipper pipe, The process is repeated
uniil the watcr container no longer filla, The design is such thet it is
impossible to take out too much water and let the ing escape provided the gas
pressurc 1o les: than 100mm. The cover on the end of the iirper pipe is to prevent
diri gettineg inside and is not vequired as a ges scal, shen startinr a plant
about : litre water nceds “o be pourec into the lipper pip- to fom the initial
wetes seal.  The ' pipe ir made to the dimensions in figure 6.11 and the upper
pipe an: rol lengthe sie wnie to suit the plant being installed,

liessurdieni c¢i’ pressure

4ith slorting slcel “rum plants the fr8 pressure is conctant and there i3 no need
10 consia tly measure the vressure. It can be mcasured using a mancmeter
(Iiﬁure Je17), 2lterniiively the pressure con be measured by oonnectin~ a len;th
0f rudber vipe L0 & 728 tap and insertine the end into a container of water,

the mivimu deplh (M) to'which the pipe must be ineerted io atop bubbles of [as
coming; out, vhen ihe gss tap is open, -is ihe moasure of ,;as prescure in mm .jater
gnuze,

Jith cenent “ome and tunnel »lants 4 mancmeter can be uged to show the pressure
anz tuer..orc %he amount of gas aveilahle, The lengtl of piping must be longer

then the ueimm gas presoure, which, with thesc planta, could go up to 1400mm ..G.
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Cnre musl e taken that there are no leaks between the steel pipe en. rubber bung,

el leoks at joints can sametimes be repeired by putting on Jointing compound

or tiieck neii-Cry paint and binding it on with cloth. .llow this ‘o worion vefcre
& " lyine pressure, especially hirch pressure, If neither cenipouns” cr nriut is
aszilable then & temporary repalr con be m~de in a simil=ay wvay but usin- comp

incte,
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gas plpe diameters for ordinary amnall Installations at low
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Pigure 6.4 A Typical Dunign ot Gate
¢ Bull Way) Valve.
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Figure 6i5. Quarker furn gas  Valve
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Chapter 7, Household gas appliances J. Finlay

In Nepal the main use of biogas from family sized digesters
is for cooking and lighting. Biogas has been used to run an
absorbtion~type refrigerator and a clothes pressing iron.
Originally, all appliances for cooping and lighting were
purchased from Indial manufactures. D.C.S. has worked on
import substitution, design improvements and cost reduction.

Cooking

Traditionally Nepali people cook over wood or dried cattle
dung cake fires. Most food is boiled but some is fried,
Biogas is an excellent fual for cooking, It ist=-

Efficient t if properly designed stoves are used., It

is worth noting :hat 1 kg. of wet cow dung
will give bout 46 kCals of heat if dried

and burnt in a fire, but about 80 kCals if

turned into biogas and used in a wvell designed

stove. (Pang.)

Fast t it produces immediate heat and does not -
need frequent attention.

Clean t it does not form soot on cooking vessels,
clothes or kitchen.

Healthy t it does not produce smoke to irritate eyes
or lungs.

The amount of gas needed to cook the dally food for a person
depends on a number of factors. These include i type of food
cooking method, number of meals and snacks per day, number of
people being cooked for at a time. Another factor which is
very important is the care of the cook, e.g. turning the gas
down once the pot boils so that therce is only a small flame
to keep the pot boiling. Under Nepali culture traditions in
which there are two main meals a day and snacks, the amount
of gas required varies form 0.2 to 0.4m3 per person per day.

Burners

The size of burner is usually defined as the amount of gas
consumed per hour vhen the gas tap is fully open and the gas
pressure is about 75-80mm water gauge. The most popular size
is one burning approzimately 450 litres per hour. When high
presure gas is used (i.e. from Displacement or Tunnel plants)
it is necesamary to either reduce the flow by adjusting the
tap or fitting a smaller gas jet to the burner.

Biogas burner flames have a characteristic called “lift-off",
If a burner is adjusted for maximum efficiency when the cooking
pot is in position, thegn when the pot is removed the flame

is liable to go out. Actually a gap of unburnt gas appears
betwveen the flame port and the flame. This gets higher until
the flame goes out. To prevent this the air control can be
closed and reopened when the cooking pot is replaced. If the
air control is not reopened after repalcing the cooking pot

the gas will burn at low efficiency.
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Two burners, both of which consume 450 litres per hour, are
shown in figure 7.1 and 7.2. The former is imported and the
iatter designed by D.C.S. As regards efficiency they are
both almost identical but as regards other design features
there are significant changes as the comparison below will

illustrates-
Ring_burner Fiqure 7.1
Robust

Efficient

Screwed air control ring, which is
slow to adjust and gets stuck in
time with spilt food

(Designed to have cooking pot on
burner and then gas lit. A parctice
culturally and religiously not
acceptable in Nepal)

Dirt in flame ports falls inside is
troublesome to remove

Correct height flame ports to base
of flat bottomed cooking pots.

Not so stable for locally used
round based cooking pots. Also
height from flame ports is too
low for maximum efficiency

DCS burner Fiqure 7.2
Robust
Efficient

Easy quarter tucn
air adjuster

(Designed that gas is lit
then cooking pot is

put on it, This is
culturally and religio-
usly acceptable in
Nepal)

Removable burner cap
for easy cleaning

ditto, with grate in
position as 'shown in
fig. 7.3

With grate in position
shown in fig. 7.2,
round based cooking
are stable and the
height from flame ports
is correct,

Legs sparead fur fer
apart for greater
stability

Burner cap replaceable
30% lower cost,

Burners can be ".supplied with a tap attached (fig.7.1) or
without one but with a tap on the main gas pipe. The latter

system is recommended because it allows the gas to be immediately

turned off should the rubber .pipe be pulled off, i.e. by moving
the burner on by a child playing. Details of the DCS burner

are given in Figure 7.3.
Double ring burner

There is a demand for large burners both for cooking for large

numbers of people and cooking animal food. Large imported burners

of the type show in fig. 7.1 and burning 1,100 litre per hour

have been. used.
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D.C.S. has made a double ring burner(%?h) The inner burner js
identical to the 450 1/h burner described above. The outer
ring uses 900 1/h. The two burners have separate jets and

gas pipes so they can be controlled independently. This stove
is intended to give quick heating (900 + 450 1/h), efficient
simmering (450 i/h or adjusted lower) and good frying (900 1/h).
This is a new item which has proved to be efficient. The outer
ring burner has been made of welded mild steel but in future
it is probable that it will be made of two .cperate

castings. The top one, including pot rasts and flame ports,
would be remove? le for cleaning. Under local conditions a
casting should be lower cost.

D.C.S. burners were mainly arrived at by experiment and testing.
Experience showed that to prevent flames being blown out relight-
ing that the distance between flame ports should not be more

than 10 mm and that yroups need to consist of not less than

5 flame ports. Further, if the flame ports come out of a flat
surface then they need “o be raised up by about 6 mm from the
flat surface in order to get good combustion.

Ad justment and care of burr.ers

Biogas flames tend to "lift off" from flame ports when the burner
is adjusted for effici-:nt burning but the cooking pot is not

in place. By closing the air adjuster the efficiency goes down
but the flame will not "1ift off" easily,

NOrmally the air adjuster is closed, the gas is turned on and
lit, then the cooking pot is put into position. It will been
that the flames are weak and long and lazily come up the sides

of the cooking pot. There will be a slight smell from the
burning gas. This indicates that the gas is burning inefficiently
and more air (called "primary air") needs to be mixed with the
gas. This air is provided by opening the air adjuster beside

the gas jet until the flame burns with a slight roaring noise.

If the gas pressure is low (steel drum type plants) then for
maximum heating the gas tap is fully opened. If the gas pressure
is high (dome or tunnel plant) the tap needs to be partly closed
otherwise the flame will lift off or burn efficiently. The

flame should not be too noisy.

Flame ports and air holes can, in time, become partly or com-
pletely blocked with spilt food. They should be cleaned out
as hecessary. The gas jet seldom needs cleaning but should

it be necessary it must be done carefully using something like
a match stick. This is to prevent the jet being damaged or
enlarged. The rubber pipe that connects the gas tap to the
burner can perish and crack at the ends. If this happens the
ends can be cut off and a shorter pipe used.

Lighting
In Nepal there is a large demand for biogas lamps in unelectri-
fied rural areas. Biogas lamps tend to be expensive

7.3
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(especialliy good quality ones), use biogas inefficiently,
require regular servicing and need a good supply of mantles.
Electric lighting, when available, is much better in every way.

Lamps working at 50 to 100 mm WG gas pressure use about 130

to 1751l gas per hour and give about the same illumination as

a 40 to 60 W electric bulb, depending on how well it is runn-
ing . At higher gas pressure the mantles break more frequently.

The biogas lamps installed in Nepal have come from Indian
manufacturers. The quality and price vary by a factur of 4
although of the same basic design as given in figure 7.5.

The low cost cnes can start giving trouble within 4 mcnths
and there are two main problems. The gas tap and gas jet ad-
juster are made out of brass which contains lead. The trace
of hydrogen sulphide in bicgas attacks the lead and soon these
fittings leak. A glass globe is fitted around the light to
protect it from drafts and insects flying to the light and
breaking the mantle. A globe made of heat resistant glass
works well but low cost globes made of strips of plain glass
held in metal frame with light wire quickly fail.

D.C.S. has designed and made a new lamp (Fig. 7.6). It is low
cost using where possible, steel and ceramics instead of brass.
The gas tap (for prirciple refer fig. 6.8), and needle adjuster
ar« both controlled by the same lever. The former by the first
movement and the latter by the continued movement of the same
lever. A defiector plate 1s used to prevent the rubber '0*
rings getting Lot and has proved to be effective. The lamp
works well and gives a similar light to imported lamps although
it uses a little more biogas especially &t higher pressures.
This may be improved by adjusting the jet size.

D.C.S. has helped test a locally made lamp based on Chinese
technology, fig. 7.7. This uses a fixed size glass jet in a
ceramic mixing tube., The reflector is also made of ceramic.

A diaphram type of valve is used to control the flow of biogas:
a device pade to control drip intravenious feeds in hospitals.
ft is a nylon wheel held in an inclined groove so that it pre=-
sses on a rubber pipe and partly closes it. The air supply

is varied by moving the glass jet in and out of the end of

the mixing tube. This type of lamp scemed to work well in

the laboratory tests with the higher biogas pressures

from a dome plant (above 200 mm WG). It does not work at lower
biogas pressures and may not be robust enough to offer
commercially to customers. It is very cheap, especially if
used valves can be obtained from hospitals after they have
been discarded.

Ad justment and care of biogas lamps.,

The glass globe is hinged to one side and a mantle is tied on
tc the clay nozzle which usually has one large hole in the
centre and a series ¢f small holes around the side. The
mantle is opened to a ball shape. Having turned the gas tap
on and opened the jet adjuster to maximum, the gas is 1lit
and manlte burned. Now the globe is closed and the lamp
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allowved to heat up until the burning gas makes a soft roaring
noise. At this point the lamp will burn brightly and this
can be optimised by adjusting the adjuster. It is usually
unnecessary to operate the adjuster again until the mantle is
changed. If the lamp is hot but the flame tends to burn
outside the mantle and there is no soft roaring noise it

can usually be overcome by blowing gently on the mantle.

To turn off the lamp, only the gas tap should be closed.
However, in the D.C.S. lamp the same lever is used to
operate both the gas tap and jet needle adjustment so it
nceds adjusting each time the lamp is used. To relight the

lamp, first a match should ke applied close to the mantle either

through the hole in the bottom of the glass globe or by open-
ing the globe. Then the gas turned on. If this seqguence is
reversed there will be a minor explosion, which may break the
mantle. The lamp must heat up until it makes a noise, after
which it will give a good srueady light.

Before a new mantle is fitted the ventury tube should be
throughly cleaned out of any insects, cobwebs, carbon or dirt.,
A piece of cloth wrapped arcund a pencil or small stick can

be used. The globe and reflector should be washed with soap
(or ash) and water, whenever necessary, and left to dry before
the lamp is 1lit.

The most common reason for properly adjusted lamps not working
well is cobwebs and insects' nests inside the venturi tube.

A second problem, especially in lamps using low gas pressure,
is a defective needle in the gas adjuster. The point should
be “ong, thin and have a fine point. It must come down low
enough to protrude through the jet and close it off. The
point can be filed to shape and the hole filea tu make a
slot into which the pin of the regulator control fits, so
that the needle can again enter the jet (figure 7.8). The
D.C.S. lamp uses a different type of regulator control, but
if the needle is filed correctly, it should fit into the

Jjet orifice without any other alterations.
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Chapter 8. COMMERCIAL USES OF BIOGAS D, Rulford

Blogas is a 'high grade’ ruel because it burang at a fairly high
tenperature {abouni 1,90000 in air). Blogas can therefore ba used for
many purpoaes, other than cocking and lighting, such as fuel for
internal combustion engines and to run small-scale cottege industries.

The use of biogas for commsrcial activities introduces a new dimension
+0 the economics o7 biogas, A blogas plant ig a ralatively large
invesiment for a subsistence farmer (or group of farmers) and the cash
ua7ing on cooking and lighting fuel is low (see Chapter 11). Therefore
a bicgas plant owner must find the monsy tov repay any loan taken to
purchase the plant, from another source, [f biogas can be used to fuel
an income-earning activity, the cash accumulated can help to pay off
the loan for the plent and biogae tachnology becomes economically
viabla for a far greater number of poorar people,

Development depends partly on energy; people who want a more advanced
life~style than can be obiained from subsisience farming, must move to
a place where energy is available, which is usually the larger towns
and cities. Csentralised power production, such as elactricity from

power gtations or a gas supply from natural gas wells or the gasification

of coal, means centralised usage of power, It ig easy and reliatively
cheap to run electric lines and fas pipes to houges and factories that
are cloge together, but it is very expensive to supply the same sort of
energy to villages that are scattered ang distant from population
centres,

Biogas offers a decentralised power supply. The snergy is created in
the villages, where the enimale are kept and the crops grown, It
cennot be used in the city, where there are few cattle and 1little crop
residues. Biogas can be used to supply energy for cottage industries
in the villages themstlves and to catalyse development away from the
towns and cities. Village peopla can begin to consider a more advanced
life-atyle and the sarning of extra cash incomes in the place where
they are already living, Biogas offers the rural areas increased self-
sufficiency and reduced dependences upon ernergy supplies from the towns.

In Nepal, the main gemi-comusrcial uses for biogas have involved the
Tunning of dual-fuel engines to drive grain mills and irrigation pumps.
There ig a growing interest in ihig approach, even though a dual-fuel
engine still requires some diesel and engine cil., The running coats
for the engine are reduced and fuel doec not need to he transgported
out to the vi'lage as often as when the engine is 1un on diesel alone.

Running Engines on Biogas

There are basically two types of internal combustion engine: the '0Otto!
engine and the 'Diegel! engine. The Otto cycle uses a apark to ignite
the fuel, and the Dimsgel cycle uses spontaneous ignition of the fual,
at the high temperature and preesure produced by the compression of
air (Picken), Biogas can only be used in a 4-siroke engine, as 2-stroke
engines rely on 011 mixed with liquid fuel for lubrication. The 4
@ovsments of the piston in the 4-stroke cycle are shown in Figure 8.1)

The 0tto engine is normally designed to run on petrol (gasoline),
although some are designed to use kerosene (paraffin), natural gas or
alcohol. The fuel is mixed with alr and drawn into the cylinder in the
irduction stroke. The compression ratio is usually botween 7:1 and 9:1
(giving an air temperature of 400°C), B0 that the fuel/air mixture
does not spontaneously ignite (causing knocking). Ignition is by an
electric spark that fires the mixture at an appropriate point near the
enc of the compression stroke, Biogas can be used directly imn an Otto
engine, as it does not knock (Octane Number: 128 - Maramba), but is
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#apily ignited by a spark. Biogas is used falrly ingfficieatly in sguch
an engine (20 to 25% at 2 compression ratio of 8:1 - Moeey) and the
ower output is only 60% of that whan the angine le run on petrol
Maramba). Hydrogon sulphide is burnt to sulphur dioxide in the engine
gnd it tends to corrode the exhaust valves and pipes.

In the Diesel engine, only air is compresged and the diesel is injocted
at high pressure into the cylinder near the end of the compression
stroks, when ét spontensoualy ignitas. To reach the high temperatures
required (550°C), high compression ratios are used (14;1 to 22:1). As
biogas has a high spontaneous ignition temperature (700°C - Mosey), it
can be mixed with the air and compressed in the cylinder with little
risk of pre-ignition. If a diesel engine ig used in this way, when it
is called a dual-rfuel engine, the efficiency is about 30 to 35% and the
power rating about 80% of diesel only operation. There seems to be a
lower risk of corrosion in the axhaust system when biogas is used in

a diesel engine. For these reasons, the use of biogas in dual-fuel
engines is most common,

The speed of a2 diesel engine is altered by varying the amount of tfuel
injected into the cylinder. On stationary engines, the speed is usually
kept conatant by a governor, which uses centrifugal fly-weights to
control the fuel injector valve. When biogas is introduced into the

air supply, the engine speeds up, so the governor automatically reduces
the diesel pupply until the engine again runs at the designed speed. In
this way, the biogas to diesel ratio is kept at about 5:1.

A third approach is to adapt a diesel engine to biogas operation with
spark ignition (Pry). With the high compression ratio, this type of
engine ig more efficient than an Otto engine. Such an approach raquires
good engineering knowledge and experience and access 1o «oo0ls and parts,
such as suitable generators, distributors and spark plugs (usually
second-hand), so it is really not suitable for an extension programme
for biogas in a devsloping country, such as Nepal,

Use of Biogas in Dual-Fuel Engiﬁas

Several dual-fuel enginee are working in Nepal on biogas and they ware
mainly purchased in India, where they are avallable commercially. They

8.2
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uge a very simpie gas carburettor and seem to be fairly robust and
reliable., A 5 Horse Power (HP) angine (3 kW) usss about 2.1 cu.m

(75 cu.ft) of biogae and 0,2 litras of diesel in an hour, as opposed
to 1.2 1litres of fuel, when on diesel alone (Kirloskar),

The biogas presaure should be about 75 am ¥G and the biogas supply is
controlled by a valve in the line (usually a ball valve). This type
of engine is usually used as a static engine to drive machines such as
grain mills and water pumps. The engine should be started on diesel
alone and the bingas valve opened slowly until the engine atarts to
Tun unevenly. The valve can be closed glightly until the engines runs
smoothly again, and this is the correct position.

A dual-fuel engine runs at a higher temperature when used with biogas,
80 the cooling system muet be effective. The "hopper™ type of cooling
syatem, in wnich water is added to an open hopper in the top of the
engine,is not adequate. Even with a thermogyphen system, in which water
circulatee by convective flow into a water tank placed above and to the
side of the engine, a dual~fuel engine can overheat, Iif the air temper-
ature is already high., If the engine is being used with an irr.gation
pump, cooling water can be bled from the outlet of the pump and circul-
ated through the engine. This system works well, as long as the water
is fairly clean and dirt does not block the watex presages. The out-
coming water should be just too hot to touch. If the engine is being
used to drive other machinery, a small water pump, driven by e pulley
and belt on the fly-whesl, should be used to circulate water. The hot
water can be ccoled in a radiator, or by running it down a length of
corrugated steel sheet into a water tank (Figure 8.2).

The cooling water from the engine can algo be pumped around a heat
exchanger in the elurry in the digester pit (see Chapter 10). A bypass
valve ghould be includnd, and a water cooler, so that both the engine
and the digester can be set at the correct temperatures.

Full details for running and maintaining a diesel engine are given in
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the manufacturer's maiual, which should be carefully studied and
followed, Great care should be taken that the engive oil is kept topped
up and roplaced at the correct iatervals. Inadequate or dirty engine
oil can cause an engine to over.ea: or even fail. Another common cause
nf failure in engines used in rural aveae is bolts shaking loose.
Regular checks should be made that all bolts are tight.

If the use of biogas in engines in part of a blogas extension programms
then the training of villagers to operate engines and to do simple
maintenance must be part of the programma,

Use of Kigh Pressure Bilogas in Dual-Fuel Engines

The optimun pressure for biogas to e used in a dual-fuel engine 1s

75 mm WG. The bilogas pressure from a dome or a tunnel plant is between
200 mm and 1,400 mm WG. Attempts have been made in DCS to design a
pressure regulator, so that the pressure can be automatically controlled
at around 75 mm WG, but they do not work effectively. The operation of
guch & regulator is given in Figure 8.3. The pressure of the outlet gas
(p,) is balanced bty a weight (or spring) (M), acting over the area of
the rubdber diaphragm (Ad). When the pressure is tco high (p2 > M/Ad), the
valve is closed. As gas is used, the valve opaens (p2 < M/Ad).

In more accurate prespure regulators, the affsct of the inlet
pressure (p,) acting over the valve area (A_) is cancelled onut with a

a second diaphragm (area A_), placed so 'that the inlet pressure (p1)
acts in the opposite direction.

Commercial regulators are available and can be purchased in India and
glgewhere. Even they do not always work reliably on the relatively low
flows and pressure differentials used in biogas technelogy. Problems
also exlet with corrosion of the regulator parts with biogas.

Engines are heing run using biogas from done plants without the use of
such complex equipment, The excess pressure can be droppsd across a
suitably sized orjfics, which can be a partially closed valve. The



pressure drop (Ap) is of the order of:
Ap = p ug or:
2g

Lp = 15.57 Q'5  mm e

Ay

p is the density of blogas, g is the acceleration due to gravity,
Q' is the instantaneous biogas flow rate (litres/min)

Q' = 4 x Q, the average flow rate, as the blogas is drawn into
the cylinder fgr only 1/4 of the 4-stroke cycle.
)-

A, 18 the orifice area {mm

If the gas valve ia adjusted as suggested above, is. until the engine
just runs smoothly, then the pressure drop acrogs it should be corract.
The valve will need to be adjusted every 15 minutes or so, as the
presgure from the dome or tunnel plant will drop as the biogas 1is uged.
A graph of the pressure drop across the ball valve shown in Figure 6,11
againgt the angle of closing (0) ie shown in Figure 8.4 for different
gag flows,

Tae gbove expression gives a value for the pressure drop in any pipe
fitting, when multiplied by a suitable factor: K, ie.:

6p = K. 15.57 . %2 mm we,

D
where Ap is the internal area of the fitting (mm2) = n'dg/4.

. Mean : Q@ 56 3521 -
J000 Biogas Flow Rate Instant: @ 224 140 84 litres/min

1000+

WG)
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Figure 8.4  Pressure Drop across a Ball Valve, Partly Closed,
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Fitting Preasure Logs Coofficient (K)
Re_>_ 2,000 Re_< 2,000

Elbow (90°) 0.75 0.9

Tee (Branch-Line) 1.0 1.5

Tes (Straignt Line) 0.4 0.5

Socket C.04 0.05

Reducing Socket 0.5 2 -

Sudden Expansion (1 - d1/d2) -

Meter 10 -

Table 8.1 Values for Tressure Loss Cosfficisnt (X) for Fittings

(Pritchard, Pexrxy).

Values for K for different fittings are given in Table 8.1, They
depend on the Reynold's Number (Rs, see Chapter 6). The values of K
Zor different fittings should be added tegether to give a valve of: K
for the whole pipeline. The values of pressure logs for the ball valve
(Figure 8.4, above) were calculated agsuming the valve is a sudden
reduction in diamgter (K = 0,5) followed by an expansioi:

( K = (1 - AO/Ap) - Borda-Carnot formula ~ Perry).

Carburettors for Mixing Biogas and Air

If a diesel engine is to be adepied to a dual-fuel engine, the main
alteration i1g the addition of a carburetitor to mix the viogas and air
in the correct proportions. Por a static engine that runa at a fixed
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speed, the gas/air mixture ig roughly constant (1:5 approx.), so a

8imple design of carburettor can be used, Tor mobile enginen, or static

ones that mugt bs run at varying gpesds, the gas/sir mixture must be
adjusted to suit the engine gpeed, 80 the carburettor muet be more
complicated (Hollingdale).

Iwo tyves of carburettor nave Leen used in Nepal: one ig a gimple

mixing chamber device, the other uses a ventury. The mixing chamber
degign (Figure 3.5) uges the pressure drop acroas a papér air filter
to create enough suction tc draw biogas through the gas valve during

the intake stroke of the engine. The areas of the %as inlet pipe (16 9),

the air inlet orifice (36 8) and the mixture pipe (39 9) help to
control the gas/air mixture. The gas eupply is regulated by the gasg
valve,

The mixing chamber has been used with several types of Indian made
diegel engines {3 to 7 HP: 2.2 to 5.2 kW) and it seems to work well,
Purther improvements may be made: for example,the engine perforance
could be improved by raking the air orifice ad juatable (Lichtmann),
This type of carburettor did not work with a Japanege made angine that
ras a higher compression ratio (23:1 Lnatead of 17:1) and ran a:
8lightly higher revolutions (2,000 rpm instead of 1,500 rpm at 5 HP,
3.7 kW) ‘han the Indian models. This engine cculd not be used with a
paper air filter, and the pressure drop across the oil-goaked wire
mesh filter was too low.
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A ventury type of carbursttor was deaigned for use with this engins
(Pigure 8.,6)., It fits between the air intake pipe and the air manirold
in the cylinder head. As the incoming air ig drawn through ths vontury,
the change in pipe cross-sectiocn caunses s radéuetion in pressure, wWhich
draws in biogas_ through the holes., The use of several hcles in the
ventury should allow for good mixing, Teste with the 5 HP Japanese
engine give biogas to dissel ratios of 4:1 (ie. a 75% saving on diesel),
Purther tests and adjustmenis may improve these figures.

There are many other dceigns of carburettor used by different groups
involved in biogas technology (ESCAP, Picken) and further ressarch
may offer better designs.

Use of Biogas for Milling

lost mill engines in Nepal are slow running diesel or kerosene engines,
although slectric motors are taking over, whare electr.city is avail-
able. Biogas dual-fusl engines tend to be faster running and smaller
and are uged with emaller sizes uf milling equipment.

The two machines used mainly in a mill in Nepal are a rice huller, that
removes the hard hulls from the grainas of rice, and a flour mill that
grinds grains of wheat, maize and millet to flour. An oil expelling
machine, that presses cooking oil from mustard, sesame and cther oil
seeds, is alsu often used. Each of these machines are avalabls in
different sizes from commercial -ources in India. A typical smxll
machine upses 7 or 8 HP, so c¢nly ons such machine can be uased at a time
with a 7 or 8 HP dual-fuel engine,

Such an engine could be used for 3 to 4 houre 2 day with an $50500 bio-
£as plant (depending on ambient temperature and whetheyr slurry heating
is employad). It could be run with diesel alone, but the running costs
would be higher., The dung from 30 cattle would be required to feed such
a plant. A larger biogas plant could also be used (an EPBO would run
the gystem for 6 hours a day, an EP95, for 8 hours), but the capital
cost and number of cattle required would be proportionally greater

(45 and 60 cattle respectively).

Tne outputs from the 7 HP machines are: 150 kg of paddy per hour for
the rjce huller; 90 kg of flour per hour from the flour mill; and 30 kg
nf oil seed from tne oil expellor. One such system has been installed
near Butwal and has been running for over 2% years. It uses a 7 HP
dual-fuel engine, a rice huller, a flour mill and an SD500 biogas plant,
without digester heating. Running water from an artesian well is used
to cool the engine., The 4 joint owners are very happy with the system
and are making enough profit to pay back tne loans taken %o pay for

all the equipment (lesgs a 50% subsidy for the biogas piantj, 5 or 6
aimilar systems have also bteen installed in Nepal and more are being
ordersd. Most are working well, although a few have some problemsg with
cooling the engine.

Whnen such a system is installed, the engine and willing equipment must
be properly installed. They must be bolted to strong foundations that
will not be damaged by the vibration of the machinery. Planks of wood
between the engine and a concrete base help to absorb vibrations, A
diesel engine should be started with no load on it, sc the machines
must be linked to the engine while it is running. Traditional mills
useé a flat-belt drive, with a split drive pulley. The belt can iree-
wneel on one halr of the pulley, and is pushed onto the driven half to
gtart the machine., Plat belts are inefficient and can be dangerous if

they jump off a fast spinning pulley.

DCS usss 'V' belt drives, which are more efficient at transmitting
power and do not jump off the pulleys. The engine and the mgcnines
are mounted sc that the belt is loose and the belt car be tightened
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with a third pulley on a welghted lever (Figure 8.7). An =lternative
approach is to mount the machines on a metal frame hinged to the floor.
The whole machine can be 1ifted by a lever to loosen the belt, while
the whole weight of the machine is used to keep the belt tight

(Figure 8.7).

The details of the operation and maintenance of milling equipment ins
given in the manufacturer's manuals and these should be carefully read
before any machine is installed. Training courses must be given to

all villagers who are to operate these machineg,

Use of Biogas for Water Pumping

I water is to be lifted from one level to ancther, higher one, a pump
Can be uged. Mechanical pumps can be driven by a dual-fuel engine,

using biogas as a fuel, but the punp and the engine must be matched
together and to the «4ituwation in which they are used. Usually a

matched "pump-get®, including both the engine and the pump, is supplied.

A supply of water ig required that will meet the demand, whether it be
for irrigation or drinking water., In a monaoon climate, as in Nepal,
many water gources dry up in the dry season, so would not be useful to
irrigate a crop, for example, in this season. The water source may be
a river or irrigation canal, a shallow dug well or a deeper tube well,
The water must also be taken to where it is required, by an irrigation
canal to the fields, an artifieial canal (flume), by a pipe to a
storage tank or to overhead or underground sprinkler systems.,

If water is taken from a river or canal, a suitable site must be made
for the pump. The bank may need to be reinfarced with concrete or by
gabians (wire cages filled with rocks), to prevent vrosion, If no river
or canal is avaiable, a well nay need to be dug. Advice should be
sought from local people and water supply experts as to where under-
ground water is likely to be, and to how deep the local water table is.
Other nearby wells can be studied. Local well diggers can be approached
to dig the well. If local expertige is not available, then a suitable
book must be consulted (Minto, Stern). If the wzter table ie more than
10 to 20 metres deep, a tube well can be drilled. This requires special
expertise and machinery, but there are many water drilling projects in
Nepal and other developlng countries, that can be approached for help.

Once a suitable source of water is found, the "pumping head" can be



measured, which is the diffsrence in height between the surface of

the source water and the point to which the water is pumped. If water
is pumpsd from dug wells or tube welle, there way be “draw-down", is,
1T the water is pumped out of the well faster than it enters, the water
level will (rop until the two are equal. The pumping head is in two
parta: the "suction hezd®, between the supply water level and the pump,
and the "delivery head", between the pump and the outlet., The total
head is the aum of the two. The suction head may be negative, ie. the
puap mey be below the asurface of the pupply wataer, so the height
difference muat be subiracted from the delivery head. The suctiorn head
canno* be more than about 7 metres as "suction™ relies on atmospheric
preasure (10.33 metres of water) to drive the water up the pipe.

The relationship between pumping head EH’ metres), water rlow rate
(Q, litras/sec) and power requirement (P, kW or HP) is given by:

H ~ H
P = —ﬁg—{%gaa kW or P = -Hg—gzé— HP (Morris).

p 1s the density of water (1,000 kg/1it), 2
g is the acceleration due to gravity (= 9.81 m/sec®),
n ies the efficiency of the pump.

There are several types of pump that can be driven by a dual-fuel
engine. The most common is a centrifugal pump, which has a vaned
impeller that rotates rapidly. The water enters the cenire of the
impeller and is thrown outwards by centrifugal force, which gives it
pressure and drives it through the outlet. Centrifugal pumps are usually
driven directly by the engine flywheel, through a flexible coupling.
They are designed for a particular head and flow rate, and if used

close to the design point, can be up to 90% efficient, If a centrifugal
pump is used in a situation for which it is not designed, the efficiency
can be as low as 30% or less. The manufacturer's catalogues must be
consulted for these details. A typical set of design curves for a
particular centrifugal pump (Kirloskar) are given in Figure 8.8).

40,

(H metres)
(#9)
(e ]

Pumping Head

L 5 6 7 8 3 10 1N 12
Pumping Rate (Q litres/min)

Figure 8.8 A Set of Design Curves for a Typical Centrifugal Pump
(Kirloskar).

R



Tube well pumps are either axial flow impellers (like a propeller in
a pipe) or positive displacement pumps (a piston in a cylinder). The
drive from the engine has to be transmitted to the pump, which is
down the pipe immersed in the water, go the overell c¢f{ficiency of the
system is reducgd. An average efficlency can be taken as 60% (Stern),
but the actual value for any pump in z given sltuation must be
obtained from the manufaciurer's literature.

Other types of water pump, that cau be run on bioges but do not uge a
83parate internal combustion engine, are being developed. They include
the Huuphrey pump (Dunn), which iz an internal combustion gas engine
that uses a water column as a piaton, steam vpumpe (Pickett) and also
steam engines driving conventional punps,

tue size of a dual-fmel engzine and ite Jdally uee is usually limited
by the amount of biogas available. A 5 HP engine ccn be uged with an
3D500 biogas plant for atout 6 hours a day, if the ambient temperature
is :igh (gilving 2 %total of 2% kW.hra a day). Given the pumping head
and an estimate of the punp efficiency, the above formula will give
tne amount of water avallable each day (W cu.m/day):

W= Qx 3,0 x o, where o ia aunmber hours/day that e
punp is uaeed.

v ocan Le
hectare

The availabiliz,

y of water determives tne area of land tha
irrigated (IS hectare
-

vea), The amount of @alsr require
(10,000 s7.m) of W, m depth per month) is afi
parosity of theg ow Iast ihe water dralng away), the humidity
(how faal Lihe wabtaer zvaporatea), the cron {cice demands more water

than maive), the f=rming inigues (oomulch car redues evaporation)
and many cuvhar factors (Isrealson)‘ 1L a value for wataer requirement

(W) can be found, tnen the Lorlgated area of land (I) car be calculated:

3=l s23uning 30 days in a month,

woX x\.
For the lerai of Hepal, an averags value for w  is 160 mm/mih, out
local agricultural erts whiovld be consulted to obtain the relevant
ficure for a poruiend: wlen and crop,

One viogas irrication syslem has been operating in Nepal, in Parwanipur
near divgunj, for over 4 vears and nas proved very gucceggful, Tt

bumpy water voaitall 3lleyear canal o oan irrigation flume that
takkeg it to pdgy up oa head of 3.5 m (Piguve 2.2). The bilogas
olant ig an drltn ogupplied with Jdung from a4 herd o! %0 buffalo.
The effluent s plant Lo wilxed ot the irrigation water in the
flume. The pump chiould suapply &boul 700 cu.m of watexr per day, to a
land area of 7 Tnis ia insuificient (%4 ha needs at least 1,500

I
cu.m 2 duyj, so the hiegar systen is supplomented by an electric pump.
The owner Ters to use the bicoag aves 15 far as possible, as it
is much cha Toorun omnd the supply o biogas is much more reliable

than the local suvply of glectricity,

catlle sheds, blogas plani, pump, canal and irrigation
raugen to be close together. In other places, one
e gysten may be some distance from the rest.
be carried some distance; pas may need to be

In obig caae
flvme hovs o
or more comun

Cattle dun,; nay !

plped alony s 1lanpy ripe (see Chapter 6):; a vanal may need to be made
to earry the water. The layoud and alting of each component cf the
gysten mugl be carefully wlarned Sefore (0 e built,

Use ol Blogas for Blectricity Generation
Blogas engines can pe uscd %o drive pengrators for electricity, and
Beveral aystemy have been aet up in liepal. 10 a dual-iuel engine is
being usged for another purpose, a small (C,% vo | ¥W) gensrator can

o~
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bé run at the same time, to provide lighting. Electric light ie fer
mers erficisent than ges light: 700 litres of biogas could gensrate

T k¥.hxe of electricity to vrun 16 60 W 1light bulbs; the seme gas could
only run 5 bviogas lights for an hour.

Apart from lighting, it is ugually more cfficient to use energy directly,
rather than generating electricity and using that. Biogas can be burnt
to give heat, or used in a dual-fuel engine to give mechanical power,

Biogas Uged in Cottage Induniries

As blogas gives good haat with suitable :t:ves, it can be used in
cotrage industries thal requirz heat. Several such industries have

osen considered for Nepal: making cheese from milk, making soap from
vegetable oils and custic soda, extracting medicinal oils (eg menthol),
by boiling, making jam and other preserves lor bottling and roasting
coffee beang are a few. Only cne such systam has been built: a cheese
plant in Pauwa (Meier) by the Swiss Association for Technical Assist-
ance to Nepal (SATA).

Tne amount of heat required for a prccess must be calculted, when
deciding whether it can Ve run on biogas, Taking the cheese plant as
an example: each 108 litres_of milk requires 5,500 kCal to steralisge
it {(heating from 20°C to 7500) ang a further 2,200 ¥Cal to warm the
culture of milk and rennet (at 42°C). Boiling water is also required
to clean the equipment (say 50 litres, needing 4,000 kCal). Taking an
overall efficiency of 50%, about 25,000 kCal are required each day, or
about 5 cu.m of biogas. It works out that the amount of dung produced
by a herd of cattle is enough tc¢ process the amount of milk produced
by tne same cattle to cheese uging biogas as a fuel.

Unfortunately, the Pauwa cheese plant has not been very successful, so
the technology has not been adopted elsewhere. In Nepal, the Dairy
Jgvelopment Corporation builds cheese plants of a size to proceas
1,000 licres of milk a day. If such a plant were run on biogas, the
dung of 150 cattle would be reouired, While farmers are prepared to

Vents for
_ Bumt Gases
Liquid in -

' /
: ids /
Heating Vessel ,éi\\\ ,

~Coconut
Fibre or

Sectional
View

Figure 2,10 3Suggested Design for a Heat Saving Boiler



carry a few litres of milk to a central plant each day (cften half-an-
houra’ welk each way), they will not carry dung. The Pauwa plant was
designed to run on dung from a central piggery, from animals fad on
the whey from the cheese plant. Ill-health among tha pige has been a
reourring problem, resuliing in poor biogas production. Pauva is
gited at 1,800 metres above sea-level, so solar heaters were used to
keep the bineas plants at a suitadlo temperature end to preheat water
before it w .4 heated ir a boiler by biogas. Thir approach proved very
expenaive,

If biogas is to be used in this type of cottage industry, the scale of
the process uust be reduced, to sult the supply of biogas. Several
emall-scale unite (eg. cheese plants processing 100 or 200 litres of
milk a day), each sited near the cattle sheds of one village, are to
be prefered to one centr.l unit, as dung is difficult to transport.

A central office can offer quality control, marketing and maintenance
facilities. This approach, of using a Service Centre to hslp village-
based industries or workshops, has been succesaful in other contexts
(Garg).

It oiogas production is likely to be inadequate for an industrial
process, consideration should be given to the use of higher efficienc
neating systems, An cpen gas burner loges much of its heat {40 to 50%
1o the open air, This heat could be trapped and used, if the whole
unit (burner and veasel being heated) was placed in an insulated
enclogure (Pulford). Suitable vents (of at l2ast 150 sq.mm area per
litre/min of biogas used) should be provided for the burnt gasas,

but they should Ve arvanged so that the gases give up most of their
heat before they escape %Figure 8.10).

V
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Chapter 9. Starting, Operating, Servicing and Safety
J. Finlay
This chapter starts from the point where the gas plant
has been built, all pipe work completed and the appliances
fitted, First .the digester needs to be filled with feed-
stock mixed with water to make a slurry.

In Nepal most biogas plants (99%) use cattle dung from cows,
bullocks, oxen and water buffalo exclusively as the feed-
stock. Other animal dung and vegetable matter finely chopped
up could also be used, (refer chapter 1 and 10) but because
DCS's experience is mainly with cattle dung this chapter

will only refer to it as the feedstock material.

Slurry consistency

Slurry is made Ly mixing the dung with water to make it

fluid. Most pecple use a dung to water mixture of 1:1

and it works well. However, DCS research, as recorded in

vol II chapter 3 shows that a mixture ratio of 2:1 can be

used with no significant reducticn in gas production.

This has a significant benefit in that for the same daily

gas production the digester volume can be reduced by 25% and

50% less water is required, a big advantage in water short areas.

Cattle dung, when excreted has about 18 to 20% dry matter content,
the remaining being moisture. This figure can be altered

quite quickly due to sun drying or rain absorbtion. DCS

used to use a hydrometer for measuring the moisture content

of slurry. When the slurry was thin (1:1 ratio) it was diffi-
cult to get an accurate reading due to the viscosity of the
slurry. With thicker slurries (2:1 ratio) it was more

or less impossible to get a reading., The only reliable way

to measure the dry matter content (calied Total Solids: TS)

is to tgke a sample of the slurry, weigh it, dry it in an oven
at 100~ C for 24 hours and weigh the residue.

_weight of dried sample x 100%
weight of original sample

Total solids

Urider village conditions of making the slurry it has been
found that a 1:1 ratio gives a TS concentration of 7% to

9% (hydrometer reading 1.045 to 1.190). A 2:1 ratio gives a
TS concentration of 12% to 13% .

DCS research (Vol. I1 chap. 3) has shown that TS between

6 and 14.5% has negligible effect on gas production in

steel drum, concrete dome or tunnel plants. Teo thin a slurry,
i.e. less than 6% in unsatisfactory because the slurry will
sep2rate out into three layers inside the digester - leaving
solids at the bottom, water in the middle and floating vegetable
matter on the top., If too thick a slurry is used, i.e. over
14.5%, it will not flow easily and the gas bubbles cannot

pass through the slurry easily. In both cases the gas produc-
tion is noticeably reduced.

9.1
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Slurpy Mixing

HMixing of the slurry for small plants is locally often done
by hand, but it can also be done by feet or by a slurry
mixing tool (Figure 5.2). For large plants a mixing machine
(Figure 5.3)is comronly used., Whatever method is used it is
essential to mix the dung water theroughly until there are

no lumps. If thers are lumps then gas production will be
reduced because the gas preducing bacteria do not have free
access to the food in the lumps.

When mixing the slurry care should be taken to avoid the
following things being included and getting into the digester.

- Earth or sand, etc. (picked up with the dung). It will
fill up the bottom of the digester in time and reduce the
effective digester volume.

- Strawv or grass etc., Any that is in the sluury while it is
being mixed can be removed by using one's rfingers or a sgi-
eve., If it is not removed it will float to the surface of
the digester, especially if the T.S. is less than 10%,

Thick scum in a digester causes reduced gas production and
where a gas drum is used, it restricts the drum's free move=
ment,

- Sawdust or peat moss etc. These are impossible to remove
once mixed with the slurry and can cause very serious clogging
and scum proplems.

- 0il,soap, detergent. Water mixed with these things should
not be used for making the slurry as they can kill the
bacteria and step gas production. »

Starter bacteria

The bacteria which make methane gas, exists in all cattle

dung. Therefore no special starter is needed. In cold weather
the bacterjia may take several weeks to multiply enough to
produce gas but the process can be speeded up by adding

some urine (max 3%) or pig dung (max. 10%) and it with the
slurry.

Filling the diqgester

Digesters should bhe filled quickly to avoid unnecessary
air getting at the slurry as the methane bacteria die in
the presence of air. Dung can be collected for sometime
prior to filling the plant. It must not be allowed to dry
and become hard during this time because once dried it is
impossible to mix into a slurry.

Slurry is mixed, as described above, in .the inlet pit and
allowed to flow into the digester. While filling & digester
with a centre dividing wall, care must be taken te [ill both
compartments equally, otherwise the centre dividing wall



will collapse of unaven pressure., Therefore drums are not
fitted until the plants are filled in order to be able to
see the slurry levels in both compartments,

In cement dome and tunnel pla.ts the main gas valve and a

tap are left open to let the air escape until the plant is
filled with slurry. For safety reasons it is recommended

that the gas tap orened is one at a condensate trap.

Slurry is fed into the digester until it reaches:

Steel Drum plants - outlet level
7 Concrete dome plants - half way up the slurry reservior
Tunnel plants - level of bottom of the main

floor of the slurry reservoir.

If there is any water lying in the bottom of the digester
before it is filled wich slurry, this will not matter. The
Slurry should be made as thick as possible while still of a
flowing consistercy (it must be tvee of all lumps). This
will mix with the water in the digester and once it is of
the correct consistency the remaining slurry can ba made

to the normal consistancy.

When the digester is full of slurry there will be no leaks

of water into the digester because the pressure of the slurry
in the digester i ; greater than the pressure of water trying
to get in. The slurry will not leak out through any small
cracks in good brickwork because the fibres in the cattle
cung will block them up.

Starting the piant

Where a water removal device with dipper pipe is used about
% litre of water should be poured down the dipper pipe to
form the gas seal. "The special dipper for the new gas
outlet for the tunnel plant requires about one litre.

While a steel drum plant digester is being filled the

drum should ke given a final coat of paint and damaged
paintwork should be especially well covered to prevent rust
starting. After fillirg the digester the steel drum is

placed in position over the central guide. The main gas valve
and burner tuaps are opened to allow the air to escape and the
drum to settle down onto the deflecting ledge. Then all taps
and valves are closed.

Similarly once cement dome and tunnel plants are filled all
the gas taps and valves are Closed. Patience isneeded for
for the gas storage volume to fill with gas !

Depending on temperature, it can take 5 to 20 days.

When a steel drum is full of gas then surplus gas will bubble
out from under the edge of the drum. With cement dome and
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tunnel plants the gas i3 allcwed to form until the slurry
comes out of the cutlet or gas starts to escape by bubbling
cut from the gas storage space through the reserveir.

The first gas preduced usually has a high percentage of carbon
dioxide COy in it and oftern it will not burn. It can also
have air mixed in with if the procedure given above is not
followed properly and snu there could be a danger of an expleo-
sion. Therefore it is recommended that all the first gas is
allowed to escape in the same manner as described above for
letting the air escape. There should be no naked flame and
nc smoking while the gas is escapings The second.lot of gas
will, in almost every case, burn vell. Occasionally there

is stil} too much €O, and only the third lot of das will
burn.

Note: Once a biogas plant is full, no further slurry should
be added until the gas storage volume has been filled three
times with burnabie gas, or after 1S5 days, whichever is
longer. Good burnable biogas indicates that the bacteria
populations have stablized. This procedure is essential.
Failure to follow it is a common cause of low or noc gas
production or gas which does not burn (too much C02) when
gtarting a plant.

All pipework needs to be flushed with gas by opening the
taps in turn  unti) there is a definite smell of gas and then
closing them again. Burners and lamps are operated and
adjusted as given ..in chapter. 7.

Operating the plant

The main task is to feed in the correct amoung cf fresh slurry
daily and, w .1 necessary, to ramove condensate from the gas
pipas using the condensate taps and water outlet devices. How

to make the slurry is given ahove and suggested daily feed

for the three types of plant is given in the respective chapters
2,3 and 4. Sometimes the suggested figures cannot be used or
need to be altered, e.g. vhen there is a shortage of dung. In
these cases gas production can be calculated using the formulae
given in chapter 5.

The daily mixing of the cerrect amount of dung with correct
amount of water to obtain the correct slurry consistance is
important. The volume of slurry can be easily measured in the

inlet pit. Length (cam) x breadth (cm) x depth of slurry (cm)

Volume = 1000
ThenThe answer gives the volume in litres.

Methane bacteria do not like changes. If it is found that over
a period of time, too much tco little, too thick of too thin

a slurry bas been uced, then it should be corrected., If it

is a big change it should be corrected in stages over a pericd
of time., A major alteration in the feed made at one time can
have an adverse effect of the bacteria and instead of an
increaze in gas production there can be a temporary reduction,
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With tunnel plants using 2:1 durg water ratio it is recommended
that each day the new slurry is seeded with bacteria by using
one bucket of old slurry taken from the outlet of the plant.
This speeds up the methane production precess.

Care must be taken when considering putting in extra slurry
in a plant, If the retention time is less than chout 40 days
and the temperature is low then there is & strong possibility
that all gas production will stop. The eguations thatcan be
used for working out the effect of additional slurry are yiven
in chapter 5.

Having taught a person how to make the slurry correctly it
also is important to explain not o SP3il e 5307 worh by
washing out the inlet tank witr an extra bucket of water and
letting this run down the pipe into the digester:

It is generally considered beneficial to mix the slurry in
the digester to release gas bubbles and break up any scum in
the digester. In the steel drum plant this is easily done
when thegas drum is low in the glurry (i.e. after using the
gas) by rotating it back and forth for a few minutes once
'or twice a day. Most deme plants have a mixer fitted and
this too cab be used in a similar vay after the gas tas been
used.

In the tunnel plant no mixer is provided but a thicw slurry

15 normally used which meaans scum does not form readily. In
both tunne. and dome plants there is some authomatic mixing

as the slurry moves in and out of the slurry reservoir as

gas is alternatively stored and used. Occasionally in Nepal
some pig dung is zvailable and added to the cattle dung slurry,
Using this mixture gives more gas then cattle dung alone. The
same is true of night soil and urine are added via an attached
latrine. This is due tu there being more nitrogen in these
materials.,

Une other operation .that needs to be done from time to time
is the removal of dried slurry. During dry w ather in parti-
cular, this tends to ¢pllect around the .outlet of all types
of plant and block it up. It needs to be removed as necessary.
Built up dried slurry should aiso be removed from the sides
of the mixing pit and with the floating steel drum plant
from between the digester wall and drum.



Problem

Gas drum does not rise
{ floating steel drum
plant)

or
Pressure does not rise
(cement dome and
tunnel plants).

First gas produced
will not burn.

NS

Operational probiems_and remedies
Starting Problems

Possible cause
Lack of time

Feeding in slurry while
waiting for first gas to

‘collect.

Very few bacteria.

Burner, light or condensate
tap open.

No water in dipper pipe
(condensate trap)

Leak in gas taps, piping
or gas storage.

Wrong kind of gas.

Air in the gas pipe.

Wrong bacteria
(Foul smelling)

Remed

in coid weather (ZOOC) it can take 3 week to
start a plant. Have patience!

This is a common fault. No slurry should be fed
until the third time the gas storage has keen
filled with burnable gas. This allows the right
kind of bacteria to develop and the pH to correct
itself.

At least 20 litres of slurry from a working plant
should be put down the inlet followed by one lot
of new slurry to push the bacteria fully into the
digester.

Close it.

Ab»ut 1/4 litre water should be poured into the
dipper pipe (1 litre for specigl tunnel plant
gas outlet;. Any excess can be removed using
the dipper bucket.

Locate and repair

The first gas should not be burned. t may
have air mixed with it and could explode.
Freguently the {irst gas has a high percentage
of CO, and so does not burn. Usually the second
lot burns. (Also refer "Feading in slurry...."
above) .

Allow it to escape until there is a defimite
smell of gas.

Add lime till pH is 7. Dv not add fresh slurry
until burnable gas is being produced.



Problem

Gas drum (or pressure in
dome and tunnel piants)
goes down quickly once
main gas valve is opened.

Gas drum (or pressure
in dome and tunnel plants)
rises very slowly.

Gas will not burn.

General Problems

Possikle cause

Burner, light or condensate
tap opeéen.

No water in dipper pipe
(condensate trap).

Major leakX in pipework.

Temperature too low.

Thick scum on top of slurry

Daily slurry wrong.
Too thick or thin or too
much or little.

Washing out mixing pit with
extra water and allowing this
or rain water enter the
digester.

Slurry mixture suddenly
changed a lot.

Putting chemicals, oil, soap
or detergent into slurry.

Gas leak.

Wreng kind of gas (probably
too much Co02) due to putting

in too much slurry or too much

urine per day.

Air in gas pipe.
smell of gas.

Remedy
Close it, or them.

Add water as given above

Locate and repair.

Gas production is always reduced in cold
weather. Ideas to increase gas production
are given in chapter 10 Remove scum.

No straw, grass, sawdust etc., should be
put into gas plants.

Correct amount and consistance should be
added daily. Gas production should correct
itself in a few weeks.

Do not let extra water enter the digester.

Slurry mixture should not be altered too
much at one time-

Feed daily with dung and water only.
After 2 to 6 weeks it should correct itself.

Locate and repair.

Let gas escape.

Correct the amount of slurry and urine
fed in daily. It may take scme weeks for
the gas plant to correct itself.

Allow it to escape until there is a definite




General Problem Cont.....

Problem

Slurry does not flow into
digester.

Digester pit overflows
(Drum plant)

Slurry reservior overflows

(Dome and Tunnel plants).

Slurry does not come
out of plant.

Burner flames

are long and weak, start
far from the fliame ports,
do not stay alight.

Flame pulsates.

Flame small.

Possible causes

Sieve in inlet pipe(if fitted)
clogged.

inlet pipe blocked.
Slurry tco thick.

Outlet : ipe blocked.

Slurry nutlet slot blocked.

Outlet too high.

Porus masonary used to build
digester or serious cracks
formed.

Burners (Sotves)

Incorrect primary air aupply.

High ressure gas.

Condensate (Water) lying in

main gas pipe.

Gas jet in burner partially

Flame ports partially blocked.
Water in gas pipe.

9.8
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Remedy

Remcve, clean and refit.

Clear blockage by pushing pole down iniet
pipe. Correct consistancy.

Clear blockage by pushing pole down outlet
pipe,

Clear. Slurry often dries in the over flow
slot and blocks it especially if it is rot

bell mouthed (ficure 5.1)

Lower the cutlet level.

Empty plant, if walls cracked, repair them.
If masonary perus then plaster (replaster)

inside of digester.

Place cooking vessel on stove and ad just
primary air supply with air adjuster.
Fartially close gas tap till flame is normal.

kemove water from water traps. If the problem
continues, then water is lying in part of the
pipe from which it can ‘'t drain. The pipe
must be relaid at a slope of 1:100 and an
extra trap fitted if necessary.

Clean jet with sliver of wood Or bamboo.

Do not damage or enlarge jet.

Clean out.

Remove water from water traps



Burners (Stoves) Problems Cont.....

Problem

Dome or Tunnel:

No gas at burner.

Light is poor.

Mantle break frequently.
No gas at lamp.

Fer oftier possible faults

Yossibie Czguse

LOW gas pressure:

Drum: s»cum preventing free

movement of drum,

Drum too light.
7as .outlet blocked wit
slurry.

Gas pipe or valve blocked
wich slurry.

Main gas valve closed.
Burner tap wlocked.

Condensate {(water) blocking

main gas pipe.

Gas outlet, or nearby pipework.

and valve blocked.8

LAMPS

Gas adjuster requires adjest-

ment.

Low gas pressure.

Obstruction in lamp ventury.

Wrong type or size of mantle.

Gas pressure too high.

Ga< et in lamp blocked.

9.9

._Remedy

Turn drum to break yp scum and remove dried

siurry between sides of digester and drum.

If necessary remove drum and clear away scum.
Add weights to gas drum.

Open end of gas outlet. Clean outlet with
rod holding face to one side of pipe to
prevent it getting splashed once pipe starts
clearing itself under gas pressure . Refit,
ensuring joints are gas tight.

Dismantle pipe line near gas outlet and clean
pipe and valve. Refit, ensuring joints are
tights.

Opern.

Certain insects build nests with mud in open
ended pipes or gas taps. Clean out with a
sliver of wocd.

See 'Fiame pulsates' above.

Clear blockage.
See "Flame simall- Dome or Tunnel” above.

Adjust until mantle glows brightly. Now
mantles take time to burn, form the correct
shape and to allow the fiame to go inside

the mantle. Only then will the mantle burn
brightly.

see "Burners : Flame small: low gas pressure"
above.Mcst lamps reguire a minimum of 75 mm
W.G. to burn brightly.

This is a common problew. Clean out thorough-
ly with bit of cloth wrapped around pencil.
Use correct tipe and size to suit lamp.
Adjust pressure with gas tep. Open gas tap
slowly.

Gas adjuster should be operated to clear the
Jet.

which are common with burners as well, refer to that section.



Servicing of Plants

(How to service assessories and appliances is given in chapters
6 and 7)

Floating steel drum design

Annual painting

Cas drums need to be painted annually particularly on the
outer sides. There is nc oxygen on the inside and rust rarely
occurs. The lowest part of the sides, which is mostly sub-
nerged in slurry, is generally free of rust.

There is no need to remove the drum for painting. Any weights
should be removed from the gas holder, the main gas valve
closed and the drum allowed to fill till gas bubbles out from
under the side. All dung must he throughly washed off using
clean water and all rust scraped off using a steel scraper.
Then the surface must be cleaned with emery paper ©r a wire
brush. Before painting, the drum must be clean, free of dust
and dry. Bare metal should be given a coat of primer (Anti-
saline metalic primer). Once this paint is dry the whole
drum should be painted with a top coat (high build black
bitumen paint), the sides being particularly well covered as
this is the part which suffers the worst from corrosion.

The gas should not be used for 24 hours in order to let the
paint dry.

Scum Removal

A thick layer of scum can prevent the free movement of the
drum and can be a cause of reduced gas production,

In a well run plant it may never be necessary to remove scum.
However, at a carelessly operated plant, where straw, grass,
sawdust, etc., are mixed in with the slurry and especially one
using thin slurry, it could be necessary after six months.

First of all it is necessary to remcve the drum. The main
gas valve is closed and the drum allowed to come up to its
maximum height. There must be no smoking or naked light .
The drum is lifted off over the central guide using the
handles provided, and set down at the side of the digester.
The scum can nov be removed from the top of the digester.
While the drum is off, thc inside should be cleaned and the
condition of the paint work checked. It does not usually
rneed attention but if there are any signs of rust it should
be repainted before replaceing the drum it is very important
to let all tue air escape as described earlier in this chapter
under "starti~g a plant" .
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Leaks in the house pipe work

1f gas is smelt in the house, it is certain there is a
serious leak. Doers and windows should be opened to let

the gas diisipate and fresh air come in. The main gas valve
should be closed and there should be no maked flames, either
lamps or fires, nor smoking until the smell of gas has gone,
1he first thing to check is that all gas taps for lamps

and burners are closed. The main gas valve can bz opened
and attempts made to locate the leak by smelling where the
gas is coming from. Soapy water can be put on suspected
leaks, often at taps or joints, and if bubbles form then
there is definitely a leak. The full proceedure for finding
and repairing gas leaks is given in chapter 6.

Entering a digester

Care must be taken if, for any reason, a person must enter

a digester. Biogas is not poisonous, but it does not contain
oxygen so anyone breathing it can suffocate. Biodas is
slightly heavier than air and will lie in the bottom of

a digester and only slowly mix with air and disapate.

All the slurry should be removed from a digester pit befcre
anyone enters it, as it will continue producing biogas,

To make sure there is no gas lying in the bottom of the

pit a small animal such as a frog, chicken or rabbit is
lovered down and watched. If, after Sor 10 minutes when
the animal is brought out, it seems to behave normally it
indicates that there ic enough air in the digester and

it i3 safe to enter. Sould the animal faint or lose con-
sciousness it indicates a lack of air and it is not safe to
enter until the gas been disapated. This will take time
put can be speeded by blowing in air, e.g. with a winnowing
machine, Alternatively the gas can be lifted cut in buckets
and poured away so that it cannot re~enter the plant by
flowing <dowm the jiniet or outlet, As the gas cannot be
seen it is difficicult to tell the effectiveness of +his
operatior. If 2 worker feels dizzy while working ingide
the digester or 7inds it hard or uncomfortable to breath

he must legve immediately and rest in a place where there
is good air circulation., Therez should always be a second
pPersen to pull out a worker should he faint in the digester.
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CH, 10 IMPROVEMENTS ON BICGAS PLANT PERFORMANCE Mo Lau-Hong

0.1 Identifyving 4ne nroblem

n

The mejority of instanges of plant malfunctioning ercounlered in Nepal are
cr.uged by wechanical problems, such as leakage in valves and piping
znd crack in digester pits (Ch.9). Occasionally though, tie microbinl
process itself cun go awry, and guidelines are given In this chapter
for {irouvleshooting and rectification.

Note that plant malfunctioning can affect gas. production in two ways:
1) Reduction in the guantity of gas output, and
2) Decline in the guality of the gas =-- low methane content with

a large proportion of incombustible or undesirable 843,

Tne symptoms and cmuses of common problems are sumnarised in
Table 10.1. Most problems ean actually be avoided if the plant
operators are aquainted with the ABC of biogus production. For gplants
thut function normallyy gas production cen be enhunced by munipuwlating
substrzte (feed) input or operating conditions as described in *he

foilaowing sectionse.

Yuantity of feed input

Interestingly, the causes of low gas production we freauently
enconrter are ouite obvious and can easily be overcome. Farmers
usually add considerably less amount of gobar (cattle or buffalo dung)
th2n recommended and complain about insufficient gas. It is also
common that they add more water for mixing tham necessary. If water
ls exceszive such thet slurry solids fali below 4 to 5% by weight,
stratification occurs as the denser solids seperate from the liquid
and setile to the bottom. Furthermore, ewtra water input can decrease
the reteniion time of slurry in the digester to such an extent that
the sgiwrry is much unexhausted as it leaves the plant no effiuent.
Lificiency is thus reduced, and in severe cusez when the dilution
rate is oo high, wagh-out of the micro-organiams can occur (Ch. 14).
Lu nre=s wnare water snortage is o problem, the recommended water
Lty subsiraie ratio should be carefully observed so thet wastage

ci:n p® prevented,
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Tabls 10.1

Diagnogtic Chart for Proceas Malfl

unctioning

Cause idymptoms

Diagnostic tool/treatment

{
Mechanical problems  Little or no gas

dee Ch,9

‘Gas reducedas If

Input quentity (water
or substrate) insuffi- water in excess, stra-
cient or diasproportioned tification occurs .
GQuality of input poor or :Quantity of gns andfor

nutrient overdose methane content low

Daily input weighed or measureé
ené adjusted to recommendetion.

Cheek CN ratio. Xf ammonia or
ures %060 _high, adjuat level

Microflora imbalances usu~pH low or acidic (be-
ally too muny acid-feormewrslow 6.5). Gag reduced;
and to® few methanogensg Toul or incombustible,
being low in_ methane

pH easily detected with pH
indicator paper. Lime or otheyr
alkali can be added to increasm

._ipH,

- - - c— e

Biogas microflora nat
establ 1shed

Long lag time at starte
up, @aeg foul/incombus-
tible

Seeding of new vlant with
slurry foom eperating plunt ,

Indlaethblli by of feed Little
change in feed ag seen

Gas reduued

Cneck lignin content of feed,
If straw usedy cut to small adim

in effluent

and add requlred nitrogen. . _.

Gas t“lpped by SCUIL formedGas reduced. In drwn
by fibrous feed plant,scum visible at

urs ace

Belore addition, fibres rsmoved
‘or reduced in size., If seum

_severg, clean out.plan} ____

Toxicity from chemdcals [Little or no gas,

such z2 soap, pesticides, microflora inactivated

antibioties, or high Oor exterminated

level of nutrients.

checked for
Digester slurey
repl acedi' entirs
slurry.

Feed and water
contaminationy
'uay have to he

ras reduceds Overflow
of glurry in displace-
ment plants *nfre

Temperature of slurry
unsuitable

quent

Y. with fresh e
]Temperatu.rCE measured at outlet.
‘Increase temperature by insula#
tion and heating methods.
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1063 Quality of gubstrate

Corbon-nitrogen balonce:
The quality of the substrate or feed determines the ameunt and nature

of the gas produced. In the Indian subcontinent, gabar is.a populer
feedstock for bloges plantsd Gobar, though plentiful, is neverthelegs

the product Eff?é%d that has passed through the digestive traet oncee

In this process, the easily digestible nutrients are removed leaving

the more recalcltrant materials like lignocellulose behind. Gobar is
therefore deficient in nitrogen, eapecially if tgggfged is poor, and

the methane content of the biogas produced rarely exceeds 55%. Furthermore
it gobar is left exposed for a long period, condiderable amount of
nitrogen can be loat in the form of ammonia, as much as up to 40#

in a few days.,

Other types of materinls such as poultry, plig and vegetable wagte,
water hyacinth, alzgae, molasses, animal urine, and night soil have
veen investigated for Jheir potential as substrate or supplement
(3ucramunian, 1977). Poultry wsste, pig waste (Kwon and Kim, 1978),
nignt soily and water hyacinth, 2ll hsving higher nitrogen content
tizn gobar, sncwed promising results. However, adoption of high
gas yielding materials is practically limited by their availebility
and people’s attitute towards using them. Pigs are only raised by
people of certain castes in Nepal and night soil is congidered uncleaa.

Addition of vitamins and a rich nitrogen source such as yeast
extract stiml=ztes the growth of methanogenai, but their high coats
and mnavailability in poor rural areas inhibit their use as supplementes.
Much emphasis,therefore, should be put in the search for lécal
materials that are rich in: nutrients, esbundant in ouantity, but are
not yet gainfully utilised . Bxamples are- animal urine (nitrogen rich)
and straw (carbon rich). Combination of these materials is necessary
to give the gas plent a ’'balanced diet',

In fermentaiidn, bacteria require atoms of carWwon und nitrogen in the
ritio of 30 to 1 (or 26 to 1 by weight) for metabolism and assimilation.
To determine a balanced diet, the propsrtions of eech material in
the substrate mixture can be calculated provided that the carbon
end nitrogen contents of the individual materials are known (see Sectlon
10.4). A resulting carbon-nitrogen or CN ratio between 20 and 30
by weight is acceptable: Table 10,2 gives the CN ratio, C%, und N%
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of some potential substrates for biogas plant,

Lignccelluloska residues are deficient in nitrogen but rich in carbon,
Howewer, most of ihe carbon cannct be readily utilised by being bound
in the lignocellulosic: complex. Under the anmerobic condition inslde
a biogay dligester, lignin is not decompoged and its contributien of
carbon should therefore ba ignored. Total carbon can be determined by
combustion and subsequen® measurement of carbon dioxide, and total
nitrogen oan be measured by Kjeldhal method. The following example
illustrates how the CN ratio can be cualculated for a high lignin feed
like cattle dung.

Caleculation of the CN ratio of cattle dung
Lignin content = 12% of DM (dry-matter)
Carbon content = 43% of D
Nitrcgen conteht = 1L.2% of DN
Unavailable carlion = carbon in lignin = 5.2% (assuming 43% carbon in lignig
~. Carbon availablew=3j7.5%

and CN ratio =31.5

The CN ratio of 31,5 for this perticular gobar sample- is alightly
outside the degirable ranges Grain fed catile tend o produce dung
richer in nitrogen and comsequently a lower CN ratio.

Table 1042 : CN_value; cerbon and nitrogen (% of dry-weight) of

ial bio fiant swbatrates
Material __ {CN ratiol #N ' #¢  [% wated Comments
Gobar (Cattle/ |20-30 i3-4 35-40: 72-85 ‘Grain or arasg fed,dung fresh.
buffalo dung) '1~2 T Straw fed
Horse dung 25 12 - 58 .70=75") Dung drier if old, especially:
Sheep dung 20 '3475 175 68 when air humidity i= low
Pig dung 14 '3-4 53 82 {House, 1978).
Poultry dung 8 3.7 30-35165
Human faeces !G-IO ‘45 40 75-80 !
Buman urine 80 15-18 .13 95 '

¥ater hyacinth 115-23 13 -2.6' 24-35:93-95 Air dried. Values vary with

' ' atages of growth and hebitat.
|(Gopal and Sharma, 1981).
Rice gtraw 147.2 056 40  5-10 [Calculated from deta im

! ' Van3osst and Robertson, 1978,

|
!
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10.4

Addltion of urine

Urine which has about 2% ures is a cheap and rexdilv nvailable
gource of rnitrogen. In cow si:icds cattle urine cnn be collected in
cemented ditches und fed directly imto gag plantse Human urine and
night 30il can also be utilised by the attachment of latrine. The
number of users of the letrine should be conirolled =o that *he
input volume does not exoceed the plant capacity and urea is m2intzined
nelow itg inhibitory level. Calculation for & plant fed with cattle
dung and humen vrine is illustrated below. By varying the esowptions
the number of latrine users can ve estimated for different conditions,

Lalculntion of the number of lstrine users for a gas plant fed

with cat'ie dung and humun urine

assume dally input ror a stecl drum plant (14m3nominal daily rfas
oroduction) to be 300kg catilie dung of 20% DM and ures not exceeding
1% oY tae irv m t=er of the mixture.
Contrioution of carbon from urine being negligihie,
Carbon nvailuble from mixsure = 300kg x 20#% x 37.8% = 22,7 ke

(from Section 10.3, cattle dung hus . 37.8% available carbon).
Nitrogen from mixture = nitrosen from dung + nitregen from urine
60kg x 1.2k + 60kg x 1% x 46,756 = 1 kg

(Ures hus 46.7% nitrogen).
de CN ratio =22,7 which is acceptables

1]

dow urine comprases 2% uren (20g/1) or 0.,93% nitrogen (9.3g/1).
[£ one perscn contributes 1 litre urine on 20g urea per day,
Number of latrine users = 0.6xg (urea from urine) & 20g =
= 30 persons

This 13 = comservative estimnte, since the amount o uren tolerable
i3 somewhat higher.

FPretreatment of lignocellulosic substrrtes

Lignocellulosic materials such as cereal straw and a<alks decommrae:
with difficulty, but their abundnnce 2¢{ nnrvest time has promnted

much effort to tap their reserve of enevgy and eurhon. PFretreatment

10.5
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is often used to increase their digestibilityy and supplemented with
nitrogen, they can serve as feadstock for 4nimuls or fermentation
processes such as a biogas prncess. Pre-treatment methods includes

1) Physical or mecharical reduction of size -- grinding, chopoing,
and milliwug disrupt the crys+z2liinity nnture of cellulose fibres aad
eéxpose more aurface sarea to chemical and enzymic actiona. Usually
this is the initial step followed by cnemical or enzymic degradation,

2) Chemienl degradation -~ using 4lkalis . acids, or oxidisiﬁg agenta,
Sodium hydroxide remmins to be the mos+ inexpenaive and effdéctive
agent. for review, see Lau, 079,

3} Jteam and pressure -- inef'vicient unlessy accompanked by hent or
chemical. One should be cantioned though: 1if pretrentment condi+iows
ire tno severe, lisnin is broken down to low moleculaer weignt units
innioltory to the microflewn (Han and Callihan, 1974).

‘retreistment wita chemiculs, 3tendt, or onressure lircurs expeﬁses and
reau.res eauipment ari trudirine o jersornel. Moreover, *nz excess of aei
or alk1li used ho: %6 ne neusriiized befnre fermentition. Theye com-
plicztions cun only be justified for big com-ercial operwtions and
sominity olvnts Zor wnieh techaiend aggistance is aveilahlie. for
sn-1l-zize domeatic rlants, one should aimply g0 as far o chop:ing or
grinding the straw residue to a smrller size (no ionger than 1 cm long)
to prevent the uccumulstion of a gag-irupping scum on the slurry surfacs.
Nitrogen siould also be sunvlemented in the form of urea, urine, or
other compounis, since the CN value of gtraw is high., A typical CN
value of rice straw is 47, excluding the lignin fraction.

10.6 Composting material as substrute

Other methods of pretrestment of lignoceliulosic residues include
the use of microbes und enzymes. Under the anmerobic condition ingide
8 biogas digester,. decamposltion of lignocellulose nroceeds slowly
while lignin is no: degraded a< all. Attemnts were made to slucidaete
an #meerobic microfleora shat deprudeg lifmin 41 mesophilic temperature
but unsucceseful (Wohlt ez al., 1978; dAackett et al., 1977).

donetheless, ligrin is decompesed neronbicnlly and residues enn first
be degraded to n limited extent outside the aigester. Succesarul

1o.8
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composting is marked by transfermation of the fibres from a rigid to
a flacecid texture as bonds are broken and carbon consumed; at this
point, the material should be fed into the gas plant before further
exhaustion,

Methods for bullding compost are numerouss It can be elaborate
involving built-in chunnels for ventilation (iMeGarry and stainforth,
1978), or it can gimply be u vile 0f residues with manure sandwicned
in between different luyers. Composting mate-inl can be straw, grass,
stulks, stovers, or vegetnble matter. ‘he compost pile should be kept
molst by wateringt a slignt concave top prevents runoff of water.,
Decomposition cun be accelerated by the nddition of manure or ef<iuent
from biogas plant, and occasionnl turning or ctirring of the heap
for serution as the process iz mediated by aerobes like fungi. By
vac<ing the mmterial loosely kss than a metre high, decompostion is
2lso achieved but takes a longer time. If the initial oH is not neupral,
it should be adjusted to 7 or slightly alkaline with lime.

Composting can be facilitated by inoculation w th lifmin degzrading
fungi such as Irichoderm: viride und the use of cellulaese enzymen,.

ng compost materials are usually rich in carbon but deficient in nitrogen,
nitrogen-fixing ¥acteria such as Azosirillum can be inocuinted directly.
lhese bucteria can be mnss produced cheaply in a manur=2-s0il carrier
and 2re normiliy used for iroculating seeds for cereal erops {Subbn-kao,
1978). Direct inoculation of nitrogen fixera to the digester slurry,
however, will not be efrective since tne percentage of free nitrogen
£an o the 1igester is low,

As consideruble amount of aeat is generated from aeronic decomposition,
composting can serve the adiitional purpoge of heating and insulation
in winter 1f built at ground level directly above underground 213 plante

10.7 Yoxicity
begides the bagsic elements hydrozen, oxygen, carbon, nd nitrogen,
micro-orgsniamy recuire other elements suck as sul phur, phosphorusg,
matals, and truce minerals for growth, Metal and trace elements are
benefical nt low concentrution, out become inhibitory or toxic a- nig;f
levels, alvaline cntions sueh as sodium, potassium, calcium, mngnesium,
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and ammonium were found to be stimulatory at levels below 200, 400, :00,
150, and 200 mg/1, but start to become inhibitory st levels abovae
3500, 2500, 2500, 1000, and 1500 mg/1 respectively (Jewell et aly 1978s
McCarty, 1964). Heavy met:ls such as copper, - zinc, and nickel are
toxic at levels excoeding 1 mg/l. A sulphur source of about 0,85 mM
concentration is assential, but at a level of 9-m¥ all inorganic
sulphur compounds other +than sulphates are inhibitory to hoth cellulose
degradation and methane formation, hydrogen gulphide being the most
potent of all (Khan and Trotter, 1978).

3ince pesticides and herticides are used in some agricultural practicea
and can remain on crop residues used as subsirates, their harmful
effects on anaerolic digestion were studied (B1-Halwagi, 1980). When
no other causea of plant malfunctiosing can be traced, it is worthwhile
to check if the feed, both substrate and water, has been contaninated
by vesticides, herbicides, untibiotics, or other substances harmfuvl
to the microflora. Water used for mixing may nave been taken from
ztreams polluted with chemicsl wustes from a Tactory upstrean, or mnay
contain soap or deterzent from previous wzshings., Chlorinated hydro-~
carbons such as chloroform and carbon tetrachloride are éxtremely toxic.
In severe cases of contamination, all the slurry may have to be
repiaced.

Ou&-Gantrol of pi (aciditvnalkalin;ty) level of aslurry

In anaerobic digestion, djfferent groups 6f micro-organisms have
different functions and thei;:;referred environment, Acid-fermers enjoy
an acidic one (pll 4 to 6) while methane-fowmers prefer a neutral or
slightly alkaline pH. In a normal process, pH is maintained between
6.5 and 7-—a reasonable compromise —-~ by the buffering actions of
carbonates und bicarbonates of ammonium formed during the process.

But when imbalance occurs, one group of bacteria, usuully the acid-
formers, predominates. Asg a result, the slurry becomes too acidic for
the methane-formers and methane production declines. This problem is
more commom at the initistion of new rlants that have ot been seeded
with actively fermenting slurry from an o0ld one. Gag 1if formed is
foul or incombustible, and the slurry pH drops below 6,5.

Fortunately, this situation enn be ensily rectified by the addition
of alkali if detected early enough. Lime or calcium oxide is the cheapeat

10.8 .
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been devised to increase the digester temperature in winter$ these
include: insulation, compoating, solar heating of plant and influent,
erecting of green hcuse, end utilization of extornal and waste heat
(s@e Ch. 18). These methods or their combinctions shouRd' be adapted
to make the best economical mee of locel materials and facilities.
Bxperimsnts in the capitel Kathmandu (1324m altitude) showed that
with cowposting alonej slurry temperature of dome plant increased by
3°C and gas increased by an averege of 54% throughout the winter. For
underground gas plants, composting may work well up t6 an altitude of
at leaat 2000 meters. Gas plants above ground are more difficult to

insulate but gan poseibly be covered with specially weaved straw mate

Water can be preheated in buckets Bofore mixingj its transparency
smahlas rodiation to penetrate easily, vhereas epaque slurry stops radiatiom
necr ths surface,

Daily imfluent should be retained in the inlet pit covered with a plastic
sheot watil about 2330 p.m. By abserbing tke golar rediatien, the slurry
tewperature in ths imlet cen bo imcressed by as much as 9°C on a suxny day and
445% oo a cloudy dey. Tre pit should be large but shallev, so that the radia-
GWoa - eax pemetrate ment of the slurry. A sluxry depth below 7.5 cm is
desirable (Vel. II, Ch, 6).

In areas where geothernal hect sourses ars present, gas plant cam be built
in their vioinity and water from hot springs ard guysers cam bo chonmelled for
internal heating of digester,
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The Econounics of Blogas S-atews

Swmary

At its present cost, domestic biogas gyatem for cocking and lighting
is acceptable 1n nlaces wneie fuelwood price is high, such as in the
capital Kuthmandn and some towns in the Tersi., The Butwal (a town in the
Terai) price of 0.6 NWRe/kg is the cut-oft point mt which the bemefit-cont ratic
is aimoat 7. In the hills where the fuelwood price is lower, with an
average of 0.36 N Roskg, a 41% subsidy is required to bring the same

returns,

3ince subsidy comes nltimately from the society itself, it camnct be
justified unless the social and economic banefits of biogas cutweigh itse
cost to the society. One oft-citea bemefit is the cooservation ot forects
by replacing fuslwuoa which, according to a survey dene by Tribhuvan
University in 1975, account for 93/ of domestic fuel consumption. As
explained in the anulysis,the cost of deforestation proves axtrenely
difficult to quontify. Nevertheless, economic analysis showed that if the
economic value (which may be very dirttereut from its market price) of
fuelwood hits Q.%Yy KRa/kg, the benefit~cost ratio becomes 1 at a discount
rate of 15%, In other woras, if the economic value of fueluood is above

0.39 N Ro/kg, » Subsibized domestic bioges programme should be considered.

In our economic analysis, a comparison of biogas system and
atforeslation was made. ¥f forest prodquctivity can be maintained above
?mj/haoyr.. which is » target not difficult to achieve, afforastation gcheme
would cost less to the Society than blogas system, However, in aiforestation,
there is an inovitavle lag hetwzen the time of investment snd the firat
harvest whoreas for biogms the effects are immodiate. Since fuslwood shortage
is imminent, the best strategy for the country 1s probabdly to implement both
programmes along with the development of other reuncwable sources of energy

such as hydrcelectricitye.

For income generating activities, such as rice hulling and flour milling,
a biogas cystem (which supplies fuel for cooking us well) ig as
competitive ms a diecelL one, provided that the digester tesporature

-

ean be ncintained % or above 2877 wnd  Tmlinar  srice
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is highor thaa C.3 HBs/kg. As the analysia shows, the coaparison is
ertronely aensitive to fuelwood price and gas production, the latter
baing strongly dopendont on tewperature. Eithe: system by itaelf is
financially viable but sensitive to the amount of grain brought in for
hulling snd milling and how efficient the fuel is used. Thersfors befors
installing a rice and flour mill, it is aesential to survey tho mariet
first to see if potential business is enocugh to bring the desired returns,

As for unming biogas for irrigation, the internal rate of return is
high (abave 50%) aven without suboidy. Using diesel, the rete of roturn
is higher than 50%). In fact, vith only &% subsidy, a biogas system would
Give the seee net present worth as a diesel ome. "The subeidy may be worthwhile
since ntilization of bingac reduces reliance of the country con the import of
diegel thereby saving foreign exchungw, The economics is extremely sensitive
tc the actual land area irrigated. If water supply is limited, the cropping
patterus chould be adjusted to optimire the use of water and maximize the

irrigated orca.

In conclusion, the returns are high if bioges is used for income generation
and irrigation. For domestic purposes such as cooking, an afforestation scheme

would cost less than a biogas ome. However, if latrinee are attached to biogas

plants for the treatment of human waste, the socio-~economic value of biogas plant

vould delinitely increase. 'Th?as is actually the practice in China vhere waste
progoseing is the nrimary objective and biogas is only a by-mroduct. In Népal.
the idea of using gas derived trowm human waste is ropugnant to most people.
Unless this cultural barrier is overcome, domestic gas plant using cattle

dung will have very limited practicality.
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SECTION 1: ANALYSIS TaC:HNILTE

1.1 hy bother about economics?

In Third World countries, the devetopment of renewable energy resources
such as biomass, solar and wind energy is now in vogue, where resoulrces
are scarce and tunding dirficult %o come by, analysis tools are
indizpensable for comparing the worth of these numerousn alternatives so *hat

investment can be made wisely,

An economics study is a vital part in the planning of a project, not
its artermath, Data from the actual implemeutation of the project woula
cartainly make the study more precise, but preliminary analyajis should
conmence s goon as basic information is acquired. ! gooa analysis
identifiss constraints end risks, points out courses of actions for enhancing
the chance of success of the project, and above all inaicates whether the
project should be unaertaken at all., Irf the aconomics appears proemising,
field tests can be devised not only to check technical feasibility, but also
to collect more social ana econcmic data in the local situation. 4is testing
proceeas, important factors which are initially overlocked can be included in
the analysis, the direction can be modified to maximise benefits, and if
necessary decision can be made to forgo the project. However, one must bear
in mind that such analycis is only a tool for evaluating projects: it should
never usurp the place of sound judgement in gecision making. Financial as
well as social, organisational, administrative, and technical considerations
serve the basis for decision and gathering o: these facts iz a time conguning

but essential procesce.

In project analysis, national plemners in particular are interssted in
the total return or benefits to the socioty as a whole, regardless of who
confers them or who receives them: The tool applicaole in this case i3

econcniic analysis described in section 1.4,

Ultimately, the test of the product is its acceptance in the market.
Individual and joint investora are most concerned about the financial returns
in their venture - whather they have made the most lucrative deal and get the
best return for their inveetment. Financial analysis is a tool for determining
this and it simulates the reasoning or evaluatioa process of the prospective

investora. Nonetheless, even if an unaertaking is shown financially sound, the
attitudes ot different income groups in a society towsrds adopting new
technology cen still be drastically diverse.
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In developing nations, it has been observed that well-off farmers and
middle-class income earners are more open to inpovation, wnereas the pocr
are more reluctant to risk the little they have, since failure in the
venture would mean total disaster, Thsrefore, to chcose among alternative
project tor maximising social and economic return. it is orucial to idantify

ana understand the various forces at work in the target group or areas

1.2 Techniques for comparing costs and benelitss

An cbvious method for determining shether a project would give a desirable
return cn our investwent is to compare the costs anc benefits. There are
many analytical techniques tor measuring project worth but no one that iz best
for all cases, Throe common measures of project worth zre listed belows
1« Benefit-coat ratio
2o Het preﬁent woriih
3. Internal rate of return.
These are discounted measurea and to understand how they are used one must
first grasp the concept of Mdiscounting'. If we lend our money out to scmeons,
we expect to get interest for the use of that money. Suppose $1000.00 is
borrowed for one year at an imterest rate of 10%. At the end of the year, we
expect to receive 1100 (=1000 x 1.10) from the borrower. Thus $1100 at tho end
of ons year is equivalent to $1000 ut pressmt, i.e. it has a present worth of
$1000/«. If the loan is extended for another your, the amount due at the ond of
the two years is §1210 (=1100 x 1.1). Kote that ccapounc interest is involved
since the borrower must pay interest on theamount ($11C0) that would have bsan
paid at the end of the first year. Our calculation shows that §1210 two years
from now hae a present worth of $1000/-. Similarly, the ascunt dus for $1000
borrowed for five yoars is: 51000 X 1,10 X 1410 X 1410 = $1610.51 end the presont
worth of $1610.51 five years in the future is therefore $1000. This method of
reducing a future amount to its present worth is kmown as discounting: the
tinterest" rate ueed, in this case 10%, is lmown as the discount rate, The
longer the periocd and the higher tho discount rate, the smaller is the presont
worthe Since most project lasts for more than one year, the actual timing of
costs and benerits can make a big difference in their attractiveness. The way
to compare projects with aifferent future cost and benefit strcems (i.e. cost

and benefit spread over a number of years) ie tc discount future benefits and

costs to their present worthe
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Now let ve turn to the definitions of the thres weasures of project worth

nentioned abova.

total present worth of benefit streas
{1) 3onefit-cost ratio =

total present worth of cost stream
the benefit and cost for each year of the life of the project being discounted
individually to the vegimning of the project and then summed up. If this measure
is applied, project willi bie accepted wnen benefitecost ratio is greater than ones

(2) Net present worth = total present worth of bensfit stream ~
total premsent werth of cost stream

Projoct will be accertod when thic is positive. As in the previous measure,
accentance mears that the project can recover all investments ana earn a raturn
on investments .equal to or higher than the discount rate,

(3) Internal rate of return = the discount rate required to make the

net present worth zero.
A project is coasidered attractive if the internal rate of return is hipgner than
the desired return rate, not attractive uor accepted if otherwise,

Now the question erises: what should the aiscount rate be? The diacount
rate is generally taken to be oqual to or higher than the local interest rates
on loans. It varies from place to place and in India and Nepal, a value of 1%

is reasonable (for further discussion, aee World Bank, 1975).

Once the discount rate is determined, the computation for tenefit-cost
ratio and net presomt worth is relatively straightforward. The internal rate of
return, untortunately, can only be found by trial and errer., It is the discount
rate that reduces the net presant worth to zeroand ia always rounded to the
nearest vhole percentags. It may be helpful to the reader at this stage to go

through the example in section 2.1 before proceeding further.

When presentea with inexclusive slfernative projsct, they, should be
ranged according to their internal rate of return. 3enefit-cost ratio and net

present worth are poor indicators of ranks and their use may lead to erroneous

juogement.

In seclection amoug mutually exclusive projocts, a project with higher cash
flow is more atiractive than one with low casmh flow since implementation of

both is impossible. In this case, net precent worth, being an absolute

measure, will give the right choice,
1 =5«
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On the other hsnd, internal rate of return may give the wrong choice since small
projects may buve low net prossut worth despite high returns. Benetfii-ocost,
ratlo is likevimso unreli=ble for obwosing mutually exclusive projouts,

Pinally, hov long is ths preject 11fs? Tiis bas to be deteramined boforehand
tlnoo the enalysis has to be cexried out over thiz perlod. Gererally in an
agricultural project, project life is tsken as the period the major capital
iteon can last. In induptrisl amd manufsoturing project, obsolscenca of tha
project can terminete its qeonomie 1ife oordier. Thoreforv in anslysis, a usual
practice is ts choose a period comparable to thy cconomle life of tho project.
Note eepacially that the discounting techniques dsscribad heze havs alroady taken
daprociation into account. At sero interna) rate of return or the braskeven
point, capitel is alrosdy recovered as gross benstitl equal gross cogis.

1.3 Detsrminzidon of costs and benefiis in financial analysia.

An analyels undertaksen from the porspective of any party involved in a
project - bs it the govornment, s privato agency, the contractor, or an
irdividual - is called a finencial snslysis. The perty concerned is interested
in kvowing ths retuins of its contribution. Therofore in dong financilal enalysie
for any ope party, it should be stressed that the conts incurred sxd benofite
accrued are the ones for that particuler party,

One common mistake soen in economics study of developmant project ls the
comperison of costs and bonefits "before" and "after” the implemsatation of the
projoct. In fact, the comparipon should bs ™with" and "without" ginca the
situations "before" the project and that "without® the project can bo quits
different end give rise to dirfferent costs and bsnofits.

Ldentifying conts

Costo are pormally easior to identify than benefits. During the proparction
or installation period, costs may be incurred from services, labour, equipment,
end supplies. During operation, costs mey include labour, meintensnce, repair and
any forms of input and ssrvicing required. If the projecy eliminatss ooze form of
sabour, for instance in the case of blogas which vay clisdnate labour invol\;ed
in collectdng fire-wocd, the cost of such labour should logically be asubtructed
from the operation cost (or added to the benefits, which amounts to the sams thing),
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This is aleo an illuatration of counting costs "with and "without" the project.
Anothsr 1lluetration —- if a project of growing cash crop is initiated on land
used traditionally for groving food graing, the volue of the production forgcone
(in this ceee food grains) should be included ae coeic or deducted from Lhe

benefits.

Obviously, taxee and repayment of loans are nart of the cosis whereas subsidies

reduce costs.
Identilving Benatite

The bsnefite from an a;riculturel project can be measured from nereased
output or :roduction, The product can be consumed on tne fare or sold, but in
either cree 1t should be vilued at iis merket price. Benefits cen teke the form
of saving as well. For exaumpie, the ngo of biogas for cookin; eliminatee or
reduces the consumption of other kinds of fuol such as Pirewood aud kerosene. The
benerit uzcerued should therefore be the seving on firewcod or kervsens velued at
thelir market cricee. In some placee in the Terai (Southern pleins of Nepal),
firewcod can be guihered *rom the jungle free. FHowover a pricc should still be

assigned to reflect laoour cost incurred in gethering wood,

A_salvage velue of equipments and other acsets at the end of tneir service or
economic life should be estimatsd and included in the benofit at the right time,

1.4 Dotermination o' coste and bsnetfits in oconomic analysiec .

Economic analysis considera ths ,rofitability of a rrojeci 1o the whole
soclety. In contrast to finaencial analysis, it does not worry about income
distribution and capital ownership; it does nolL matter who actunlly receivee ths
benefits,

For instance, : nationwide bioguc prosramne .’us to reduce tne consuuption
of firewood, thareby preserving foreat end induci. .he cascude effects of chocking
so1l erosion and lovering of weter table, and eventually leadiny to ircrease in
productivity of the land. All these effects are bensfits to the soclety and ghould
be tuken as such in s complete economic analysis. In financisl enelysis, hovever,
these are not usually considered because fror . olojus rlent owner's perspective,
it 1o actual ccsh returns that matters, be it in the form of savings or imcome.
Even 1if aconomic anslysis indicates high returnz to tne gsociety, the system will
not appeal to individual or commmity ownership if Pinancial returus are lowse
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Laentifyinz couts and benefits

Costs and benefite can be identified in the same menner as described in the
rrevious section., There are a fow important exceptions, though. In financial
analysis, marcet prices are always usel, wherear in sconcmic rnalysis, "Shadow
2rices" are used to reflect real social anc economnic values for ;oods, scrvices and

diacount retes.

Artificial prices of commodities may be & result of aany fuctores - price
control, low foreign exchange rate:. in developiug countries tnatv unreslistically
olevate the purchassing pover of their curreaciss, insufficlent or incorrect
information, etc, The time velue of the coumodity or shedow -rice is one thnt would
exist under "free competition in & free aarket". In practice, however, estimation

of shanow rize ia of'ten open to controversy., 3Still = few puidelines can be
offered. Wnera lhe donestic market is protected world murket prices can ba used

inatead of domestic »rices.

In shadow ~ieiny lebour, it can be consideved as tne cost tc the socisty for
trensferin; lecbour from ite usual occupation to the project. I lawbour is shott,
the shadow wage cen be taken as the merket wage. If a labourer is unamoloyed
nothing Lo lost by the society by transfering him io work in the project and the
shadow wage is zaro. In most cuses whers unskilled labourers are involved, they
are probatly under-employed already and their shadow wage may range from zerc (no
employment aveilable) to say hulf of the morket wege. Skilled labour can be taken

at their market price since full employment is likoly.

In economic enalyszis, ull transfer paymeunt such as taxes are not considered
as costs {or benefits)., Subsidies must also be excluded and the price adjusted to
reflect the true cost. Costs are alsc incurred from epy oxtenelon services run by
the govornment or dovelopment agencies for promotion of the product involved. These
costs aay not affect the private invastor and oen be neglected in financial
anglysis, but they represent additional burden to the society and should be

conslidered in econonmic analysis.
Secondary copts pnd banefits

Beaides its primary functions, a project may nave indiract effects on the
soclety snd the people involved in it, These indirect effects or sacondary effects
are often olusive end difficult to quantify., Ono illustration is the installation
of a bilogas system for hulling rice. The rate of hulling by an ungine run on s
biogra-diesel mxture is much funter than the traditional method, and what used o
be hard work for village women is now teken over by machines run by men,
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The women now have more time for leisure or other income-earning activities
{secondary benafiis), On the other hana, nulling may nolish the rice to such
ar. extent that most of the vitawmins and proteins are lost - a nutrition

problen for the soclety (sscondary cost).

In developing countries vhere unemployment and under-employment persist,
a new nroject creates joba thereby increasinj; purchasing power of the jeople.
a8 they rpend their income, more jobs ere crested and the chuin effect of
exployment creation ensues. Other secondury benefits are loss obvious. Ouce
villagers are involved in development projects, they may he more opexn to
innovations(cr opponiteff they heve had bad experience with the development
project). They become P"progressive", more willing ‘v leern, and will attempt to
sctein s better life for themselves and for tneir children, The project itselfl
ney vrovide opportunities for training of the locul people, tor better utiligation

of rurel resources, whethsr material or human,

Bosides reducing consumrtion of Tirewood and rosusibly deforestation, a
bioges system produces mmny olher secondary tenerits. domen are released {rom the
tiue -~ consuming chore of collecting firewood. Cookiny is easier and cleener - no
sore polluting fumes from firewood; no more goot covered potg and pens.
deulthwise ond tine-wise, a bloges system appears to 1mprpvo iife for a rural woman.
If nipntsoil is used as feed for the ;as plant, there is'tgéggdéitional benefit of
treating » health hazard, -nd at the svme tims it is convertéd to & valuable

fertilizer,

For . project thet involves n comsunity, success cen promoie cohesiveness and
further cooveration., Taking part in a development project and demonstration of
the effects can confer prestige and dignity to people, & factor impossible o
measure but which nonetholess plays a vitsl role in motdvation, 4s shown in these
illustrations, secondary effects are complax and usually defy quantiiication.
However, ihey represent real costs and benefits, and as far as possible important
offects should be identified and quantified and treated in economic analysis. 1In

financial anaelysis, their inclusion is not necessarye.

1.5 Sereitivity Analyais

When evaluating a provosal or a set of vroposed options, one has (o make
assusptions and predictions. Since all estimates are subiecct to uncortainity, ¢
docision cun bo made more sensibly if sensitivity analysis is applied.

1t -9«
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Sensitivily analysis is simply making nrobable changes in estimates of elements

such as fuel cost, labour, and maintenarce ‘o sec how much the wessures of projsct
worth are affected. 1f a cortain eloment can take on a wide range of values without
affecting the outcoms appreciably, the outcome is regerded as insensitive to
uncertainties of that particular element. If hovever even a small chenge in the
estimate of an elementi alteras the outcome significantly, the outcome is regarded as
sengitive to changes of that element. The gpplication of wensitivity analysis is
demongtrated in the following sections for various biogas systsms,
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SECTION 23 ANALYSIS OF VARIOUS BIOGAS SYSTEMS

2«1 Figanglel Analysis for g domeatie hiogas plant
So far; the most common applicstion of biogas in 'erul is gtdll
domestic ~ for cooking and lighting., Bloges replaces the traditional fuel
such as firwood for cooking and kerosene for lighting; the savings on these
fuels are to be counted ss 'benefit:s!',

Yeasyring Coste and Penefite
Mensuring coets ls strelghte’orward und the breakdown it ;iven in table 1,1,
In me:suring benefits, the most crucial factor lies in the uvailability
of blogus, Lhroughout the yenr, The gas replaces its equivelest of Iuol,
the srice of which can be obtained yeadily from the market,

First, prediction uuet be made o. the quuntdty of yas avallable in
difforont seasons of the yeor, Baped on field dats (Lau-Hong,1984), ths
following prediction can be made for lowey hilly regions below !30um,

Seasch Digeter temp, °°  Patly gas

Sumer, 91 days o mxﬂn;&ggmim>
206

Rest of the year, 274 daya

in

using composting ate,
Gas aveilable per year = 2,06x274+2,97591 = 434 7k- (STF)

ALl (25°0)
azen gag is insufficient in the cooler montis, prefepence is usually given
lo cooking. Based on ths calordific values and effinispcies of firewoed,
#erogene, and biugas, the bapefits on navin,s is estiuatsd (Table 1.2).

In enumerating the beaefite of biogus, ths valus of offluant as lertdlizer
hag often besn emphasised. ltowever, ohe must note thut dung has & value
1tsolf and oan be used 2o fertilizer if not fed to the gae plant., Altmough
the form and concentration of nitrogen (bagld nutriont for arop) ure altered,
its wtal quantity is vasically unchanged. Proper field triais ahould atill
be conduoted for comparisons; out for the purpcse of this snalysis, one can

cosume that the cost of dung am fuel or fertilizer and the benefit of effluent
as fertilizer cancel each other out,
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Salvage value is aimost nil since the plant is basically brickwork underground,

Computation

Having dstermined the total costs and benefits, the next step is to choose
a disccunt fate: 1%5 is normally used for Nepal where the present bankx fixed-
deposit ‘nterest rate is arouna 136, Given the discount rate, the discount
factor for each yoar can be easily obtained from Discounting Tables (Gittenger,
1973). The present worth of costs ana benefits are then computad for cach year
by multiplying the cost or benefit of that yesx by the corrasponding discount
factor. They are then summea up ovar the project life to give the total worths

of costa or benefitse

Using the Butwal (Terai) firewocod price of 0.6 IRa/kg, the benefitcost ratio
and the net present worth are caiculated and shown buolow Table 1.3 To find the
internal rate of return, trial and orrour method must be used, At a rate of 14%,
the total present worth is 149 NRs, but at 15% it becomes =~ 126NRs. Therafore
the internal rate of return, to the nearest percentage, is 15%, which happeus
to be the same as the discount rate. Firewood price varies from0.25 to 0,45
NRe/kg in the nills, with a weighted average of 0.36 NRs/kg (Campbell, 1983). Il
we use this average value, the internal rate of return comes out to be oniy ¥.

DISCUSSION

The marizet price of firewood varies considerably in different locality in
Nepal and has risen much in ths last few years. At a Butwal (Terai) firewood
price of 0.6 NHs/kg, the benefit -cost ratio is almost 1 and the internal rate
of raturn is 15%. But uwsing the hill average price of 0.3% nis/kg, the benefit-
cost ratio (0.73) is below 1 and the net preaent worth is negative, indicating
that a domeatic plant is not worth installinge The internal rate of return is
only 3%, wuch less than the 15% discount rate; the farmer can get higher return
by investing his money elsewhere, eg. by putting it in a bank which gives at
loast 1%% interest, The firewoed price of 0.6 NRs/kg seems to be the cut=cff

point; any price fallimg below this would make a domestic plant unattractive.

At 0,6 Nia/ky, firewood is still a cheaper source ol fuel than kerosene,
the former being 0.93 NRs/1000 kcal (offective) and the latter 1.12 MNRs/1000 koal
(effective). In doing finaucial amalysis in difforent locatioms, therofore, the

price of the cneapest or mozst commonly usea fuel ghouid be sought and applied.
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The discount rute chosen should also reflect the local copdition, 1f it is
higher than 15%, the benefit-cost ratio and the net present werth will be
reduced malting the project Less attractive. MNote that the internal rate ot

return is still the same, unaffectad by the discount rate chosen.

Besides tne urice of fuel, the other sensitive factor affecting the project's
benetit is gas availabiility. Since temperaturs-drop in winter can reduce gas
production drastically (kO to 60% reauction for a 10°¢ drop), the benefits
correspondinzly decrease zs well. Care should therefore be taken to get realistic

estimates of gas production before proceeding with the analysis.

Financial analysis of domestic plant with creait

since the installation of a self-financed domestic plant is fipancially
unattrective in the 1ills, let us now examine the impact c? credit fimemcing on tne

analysise

Throusn the Agmricultural Development 3ank of Nepal (ALB/N), farmers can taxe
loan at 11% interest repayable cver 7 years. If he does that, the financial
pizture actually Lcoks worse than if he installs it with his owm money. At the
hill firewood price of U.A6 NRs/kg, the henefit-cost ratio is stiil nelow 1 and
the net present worth ie negative, while the internal rate of return drops below
Ol The reason for this is obviouas: the interest rate is simply too highe Until
a year ago, the interest rate used to be 6b, If interect free losn is ziven, the
benefit cost ratio is slmost 1 snd the internal rate of return is 12% (TAble Tolt)

making tne biogas intallation more roasonable.

Now consider the case when subsidy is available for hiil inutallation. &t 41%
subeidy, the benetfit-cost ratio is 1 and the internal rate of return 15%, the

cut=off ratee

Theas resuits are significant for the formulation of strategy tor biogas
developmen! ana promotion. Installation and material costs should be reduced or
subsidised {both amounting to the same thing). Witnou! subsidy, the praesent
interest tate on loan is too high; interest-free loan would definitely make the
systea more attractive., However, to get subsidy or low imtorest losu frow the
government or coner agenclies, tney must first oe convinced of the intriasic valuc

of the system, since subsidy and loan are expenses tu the society afterali,
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2.3

M economic analysis will therefore he performed in Secticn 2,5,

Hnancial Melvnip of lacome genersting willing svistem compardpon of biogms-
end ddopel

Dlesnl run engine is = populer device fer rice hulling and flour atllilng for
small local entronronaurs . Adapted =rgines arae avallable ccamercially from
Indin to telte = fuel mixture of bloges end dlesel or just diwnel nlone. If the
owner hes enough anluals, he cen have a blozas »lent instulled snd seve an
eppreciable quantity of dieesl besides having guc for co-king. ‘owever, the nigh
cepitsl costs of a blogas plant ey make thic option lesg attrcetive. in whe
foiloving unslysis, an attenpt is mede to compere the financial awuiractiveness of
the two wuiunily exclusive elternetives: milling using e biope: system or an

exclusively diorel syslonm,

Groop tugome for mill

Let uc conelder the cmso of using biopas from asteel drum plant (nominal
ges wroduction: 14m3) for milllng, 7o set a falr idee of what a tyviesal mill will
oeurn, dabe oa erpenses and income have been collected frou Ywo sucn syotems in
“heluwe and ™1 chiligerh, both in the Terai of Kepale For fesr of taxstion, owners
tond to overctete expenses end understate iucome. Diract queslioning usually
draus rerfelched answers, To gel more relinble inforwation, cross checking and
indirsct questioning from dirferent aporoaches ave often needed,

The nuantity and type of grain brovgit Lo the mill devend on the season,
Business for a typical yeer 1s shown in Table 1.5, The gross incoms for u diesel

or az biogas/diesel syutem is 18,240 NRs,

Fugl requirsmant,
Using diesel elore, tha fuel roguireumont is 0,2 1/ilP, hr. With blogcs, diesel
. . O Lo .
1s 8ti1l1 neoded for ignltion, but as much as 20 /o iz saved weinz replaced by biosgss
Z 8 . ‘ . : :
(0.4370/HP, hr)- a cleim made by hirleswer engine manufacturers, However, in

Py

elmest 211 sccasions we encountered, enpine oneratore Rever onenod the Jur values
fully, Heanuremento at Bheluve indicated that ouly abeut 2.7 7r- ol biogas wer used
per EP er hour; In other words, the euine w-¢ 1un on 40:/0 biocrae.  Their resgons
for doing so are obseours; probably they feel thet -re engine rung botier and the cap
laats longer, Any gne remailning can be used for cooking or lighting which iz =
finencially sound ontion for u large it len.a, “hough not for amell domestic plants

fs provious anlycis zhowoed,
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4
The fuel requirewments tor both diesel and blogas/diesel systews are shown

in lebles 1.6 and 1.7,

Coat snd. Denofite

GConta erd benefite for both systews are shown in Tables 1.0 und 1. ), The
aduitional benriil of = biones systewm in the usvediabllity of gas for cooking ana
lighting, espociully durdng the months of Aughust to Outober when business 1ls
alack.

Savinge on kerosens can be calculatod from Table 1.6, Since 1,.'5’7:::" gM(ESOC)

iy equiv:lent to litre of kerosene (s 5 NRs/R), and 0.26 Tn’ pas Lo 1 kg of

flrevoxd (nt 0.6 NRs/kg) (Teble 1.1).  Ths seving on kerosene v
06 mi/day x 90 deys 4 1,87 m3/1 x 5 NRa/l
= 675 NRs

The eavinge on firewood = (5.22100 +90) = 0.267 x 0.6
= 2481 NRs,

herefore, total gavinge on fuel = 675+ 2431= 315¢R and total benofits for a bicgas
willing syusiewm ig

12,240 4 2= 21336 NRo
Yhile that ~7 a dicsel systom remains to be 18,240 NRs.

Sensitvigy aneiygie sod diseussion

At n diccount rele o8 157, both bloges and diesel systews for hulling and milling
are wccw bable «~ with benefit-coet tatin greeter then 1 and net present worth
sositive. If toe Liopns systen 1y coarunity owned, a 507 subsidy can be obtained
from the acricultural Developwent Bunk, Nepal, for tue blogas olant, thus making thie

option more compotitive,

Tho fineacin! returns, as would be expected, arc axtremely sensitive  to ihe
amount of grain breught infor imlling and milling, For the perled following
narvest, the mill would be dsfinitely buaier than the period before barvest.
Unless facilitles are evected Tor stevin, grein, the mill owner has to Le content
with fluctuating busineas. Sinee storsge facilities incur extrn costs and
purchasing of u sntock of graln reyuires capital, thesu inves tmonts are usually only

made in higger snterprises.
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Bafore instelling a rice and flour mill, it is thorefore essential to survey
the market first to see if potentisl buciness is enouph to bring the desired

relurns,

How efficiently diesel is used is another criticzl f:ctor affecting the
sconottice of both systems. The mill operator usually waits until several
Customere nuve arrived befors starting the engine, so thet idling time of the

eagine 1s mininised.

When presenied with the alternatives of a biogas milling system and s diesel one,
uhich 1s more appealing to invesiors? To make a reslistic comparison, ome uust
reslize thei ihere ere tuo sensitive factoras affecting the returns in the biogas
system ~ tne daily gus proG¢uction and the nurket price of firewood,

Normally if the digester temperature carn ve amintained at #8°C wilh hent exchanging
device, tnere should be enough gac for rice hulline and flaur milling with excess
for cooiin; es well., Iowever, lov winter temperature coupled with misuansgement
of the hent exchanging system {such instances have unfortunately occured) can
reduce gng production Lo such an extent that the mill hes to be run 3olely on

dliesel for -nrt of the tiwe.
The other sensitive element in the comparison is the market price of Jirewoods

In villages, prices can vary from 0.25 NRs/kg to 0.45 NRs/kg, with a weignted
hill aversge or 0.36 NRs/:y (Campbell, 1953), while in cities ‘the pricee are even
higher. WUsin: the Butwal grice of 0,6 NRs/kg, the interncl rete of return of the
blogre mllling syscem is the same as that of a diesel system (21,); nowever the
blogas eysvem wey be preferred aince the net present worth is 6370 NRs more.

The prics of 0.3 Lis /kg fuelwood is the cut—off poini when bcth gystems ;ive tae
dJae net precent worth, A wood price above that wo. 1¢ make a blopus willing

8ystem more attractive than s diesel one,.

Introduciion chubsidy or loan (even al 117 intereet) for biogas would
definitely make such system more favourable. As long as the firewood price is
high and digester bemperature is favourable, » bio:as mllling system is ac good
as a diesel milling gysten. In the event of shortfall of diesel, & bicras milling
gyatem will be more appropriate, and since diesel ic an lmport, javings on
forelgn exchange on import of diesel will be a benefit t» the sociaty.



.4 Floanelal onalvels of a Llovss irrization systenm - snd it couwparison

pith » digre} cne

A\ communitly biogas plint tor irrigation hus just been inctalled in Madhubasa,
¢ Magar villege in the Terai (CH, 17.) Mere, water for irrigation hns been a
continucus problem. Despite constructing and joining an edditional well to en
oxisting well, the water delivery rate plumaets from 10 1/e during tne monsoon to
3 4/s in the hot ory soamson.

Thls gets the 1iuit for tne lend aren that canbe irrigated. To

determine ihis and the water and pumping reauirements, the initial step is
enleuluse the evapotrenssireiion losses for eac crep. The colculations are

cuttmerisad in Table 1,10,

In the paat when ir:igetion wes non-existent, only one main crop ~- paddy
-= %us grown. With irrigetion, mnother crop swch as wheet can be grown in vinter,
Dividing the water sveilable (520n° / dey) by the pork veter demend (21. 4mm/dey),
the irrigated lend arsa for paddy comes out to be 4,6 bigha or 2./ as, Similarly
for the winter wnest ers., the ares is 9,6 hae Note that ehortage of biogas
for running the engine would not be a limiting factor for determining irrigated

land area, since ths villagers wlill resort to running the engine on diesel nlone.

If the villagers are extre careful in the use of water, more land area can
be irrigated. At this point it is difficult Lo predict the water application

efficlency and a 05% vaiue is nssumed, 707 being a high valuec.

Benefiis
Table 1.13 gives tne extra yzross profit frow the two crops -- paddy and
whgat, Note that for paddy extre profit is obtained froz the diffecrence of the

il

irriguted and rainfed crop.

The villayers plun 1o use nny exees: biogns for lighting ten lazps, ‘lhe
wevings on zervsene per day for the two . rowing seasons are given in Table 1,10,
Por the rest ol the yeer, pac is sufficient for lighting 10 lamps 7 hours dnily.
Amually, this is ecuivalent to 4968 NPs whon expressed in terus of savings on

£erosene,

Dlacuppion of results

-

. biogas irrigation system yields high benefit-cost ratio of 1.43 and an
internal rate of return grester then 50% at 50% subsidy. Even without subsiay, tne

internal rate of return is greater than50%, indicating that installation of the

R
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syotem iy worthwhile, An irrigation system run on diesel was analysed in the same
maner. The rvsults are suumarised in Table Telide

Without subsidy, biogas systemwhich glves the additional benefit of lighting
appears less attractive then a diespel systom since it has a lower net present
worth, With 50% subsidy, howsver, the picture for biogas looks much brighter, 1In
fact, vith only 6} subeidy a bioges system would glve the sams net nresent worth
as a dlesnl system. The subaidy may very well worth it since utilizetion of bloges
roduces relisnce of the country on the iaoport of diesel.

Now that both systems are shown to Lo accoptable,a loan borrowed for financing
the costr vould only make thsm more attrsctive to invectors, even at 11% interest
(cver a period of 7 yeers) which is the current rate for agricul tural loans.

Since most of the profit come from the vheat crop. The analysis is sensitive
to the yield of whect, A vield of 2 t/ha lustead of 2.5 t/ha would bring the
internal rate of return of u biogas systom down from over 50% if no subsidy is given,
vhile that for a diesel system gtill remeins above 50%. The ecounomics ia extremely
sensitive to the actuel arss irrigated as well. The oropping pattern abkould
tharefore be adjusted to optimize the use of water.

«+5 Economic anslvels of domaptijc biogss system

As previous analysis indicates, a domostic biozus system for cookin; and
lighting is finencially unettractive in the hills unless subsidised. Since resources
for subsidy are derived wtimately from the pocioty itself, the socio-economic
benefits siould be weighed againat thecosts of the systen in an oconuic anslysis,

Gontpn and Benofits
Costs are identified as in the case for financial annlysin exceptwhen shadow
prices are used (Table 1.11).

Quantification of the socio~economic benefits, on the other hand, is extremely
difficult if not impossible., The most obvious benefit often quoted in literature
is tho provention of deforostation. Bit to vhat extent? Theoretically, the
benofit would be equivalent to the economic value of tne amount of firewovod a
biogas system cen save, Thiz value is probably reflected in the gogi, of deforestation
to the socioty ae shown below. So far the damare done by deforestation has not
been successfully quantdfied in nonetary terms,
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1) Logg of top soil

Land erosion, a serious prohlem in Nepal, normally takes the form of top soil
and nutrient less; sometimes whole chunke of land are removed. [t is the
consequence of natural as well as human causes; deforestation cuused by insxoreble
demands for fodder and fuelwoed is only but one of the culpritn. Unrestrained
defoliation ty the high livestock populution, overgrazing oi rastures, chopping
troes for fuelwood, land cleara:ce for cultivetion, human settlement or ruads ure
all damaging forces working together, accentuating the problem, Jince these
caugative factors ol goil erosion ure neither independent nor cdditive, it ic wmpossible
lo isolate ihe portion contribuied by deforestation through excessive cutting of
fuelwood even though a value can be assigned to tie loss nf land or nutrient,
Moreovor, the gffect of deforestetor. ir not only erssion; losc of forest cover cen
affact reinfell and lower the water table os vell, Thus, itts infeasible w quantify
the cost of dgforestution from fuelwood cutting ac lcss of tor soil,

2) Decreszse in land productivity

Another npyroach iz to ecuate the cort with decrease in crop ylelG ceused by
depletion of nutrients and top soil (Steven, n.d.). Over the lest 20 yezrs Hepal has
beon suffering a decline in crop production. (igri. State Di.)e Zince seil
erosion caused by deforestation induces damares other than declining crop yield, and
the latter is a result of nct only erosion but other faclors such as lack of
agricultursl inputs, thi: approach will fail to Jive a reliable estimate c¢r thu cost
of deforestation,

3) Market price
The market price of firewood which has soared in the last decade varies with
locelity, The price probably reflects well the demand and supply of that area but

is far from representing the true cost of doforesietion, If forest s accegsible,

the price if any, will be unreelistically low,
4) Cost of afforestation

#hat value should then be assigned to fuelwood? JSince the cost of deforestation
to the society is beyond quintification, - different appromch is to assiygn- value

based on the cost for oafforestation.
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Studies revealed a decline in forect ares from be4 million ha in 1964 to 4.1

wha in 1980. Later esfinate shoved a reduction of more tien 700,300 he betwoen 1975
and 1930, an average loss of 14,000 he fovest annurlly (Kational Plannin,
Comnisnion). Targets nave been set in the Sixth Plan (1980/31-¢5/36/) to afforest
6 total of 71,427 bz, which comprises both new rlantatisng wnd provected forests,
The investment on new forests is US$360 or 5040NRs per hactare (4sien Dev. Bank,
1932).

How Letweon the ‘ime of investment and the iret, horvest of fuelwood, there
lc obviously a time lag depending on the gpecles of iree plonted and the climata,
if the lag tine 1s texen to be 5 years aad discount rate 157, the worth ¢l the
investment at the [irstyesr of harvest would be i.155x investmeni = £ x 5040 NRg/na
= 10080 NRs/ha. Since from the first year onwanic Liere will e harvest of vood

gyery year, tmis value of 10080HRe/ha 1o equivclent to e¢n installmens of 1511
Nis/ha (10080 = €.,57) every year fromthe first year to infinity, The dividing

fretor 6,67 15 actually the compound interest fuctor at 157 (the Giscount rate used
here) snd can be readily obtained from Compcund Tnterest Tables (Gittengor, 1973).
Given the -nnual productivity of the foresct, the afforestation cost per kg of
fueluood can then be determinad. A congservative annual yield of 5m3 (2750kz)/ha
leads to a cost of 0,55NRs/kg fualwood (1511 2750); wnda domestic plant seving
2380kg fuelwood (see 3ec, 11.3) will acerue ; benofit of 130%MRs ver yenr.

If ap annual yield of 10m3 fuelvood/ha 1s attained; tine benefit wccrued will te

655 N#s per year,

Qther Jndizect benefits

The secondary benefits of a biogas systen are described in Secl.io. From dats
in 'The Status of Womenin Nepal', men and wonmen in e household share tie workload
for fuel collection, both spending about equal time of 1/2 hr deily, wWowen do :most
of the cooking and dish-cloaning, 1 to 1 1/2 hr daily. In this snelysis,.. is
assumed thet 1 hr is saved from the elimination of vood collection and 1/7 hr for

cooking when biogus 15 used,

Another secondery venefit is the elimination of smoke nollutinn from wood
stoves, Althoush women do almust e11 tie ccoking and are mere prone to eve and
lun;; irritation, the exvenses in health care do not necesparily run higher since

these problems are usually left unattended.
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Their vitality might be decreasod, though, vith less vork outrut, but tite opnin is
hard te aeasuro. OSwoke frow burning firewood, on tue other hand, has been reporte.
wheve sone value afterall -~ 1t kept out insects that gnawed into che wocden

beans of ceilings. lowever, an attermst is made here to include the more siznificant

antities (Table 1.11).

Pgeugpion of results

In the above analysis, Lhe bemefits of a blozuc plent in terms of suvings on
firevood iz measured by meuns of ths cost of afforestation to the society. With an
annual jroductivity «f 10m3/ha for afforested land, Lhe benefit-cosi r~ulio c below
1 ond tue internul rete of return only 9%, But with ¢ lower rroductivivy, say
5m3/ha, these valuws jump to 1.19 nnd 237 respectively., This big difierence shows
how sensitive tie outcome is to the actunl productivity of fores: land., In foct,
an annuel yield. of ’/m3 /ha will bring the cost of firewood to 0.39 hs/kg and tne
benofit-cost ratle to 1. These resulte have iznortant impliestions. If forest
productivity cmn be maintained above 7m3/l~.r~, uviich is n tarpet nov 2ifflceult Lo
achieve, alforestellon schewe would cost lesc to Lhe soclety than bio et systems,
The berefit from afforestation will ba even grenter if the la; period can be
doecreased by -lanting fazt-growing species. However, one uust bewr in mind thet
this analiysis for piogns uscs the cost of at'torestetion and not bLhs truc cos. of
deforestation itself, wilch can be tremsndous if dnmepes ceused by Llendslides and
fleis (not only in Nepzl, but slse in India anc Bangladesh) are included. If that 1s
the case, domestic blogns aystems may very wcll have hizh enough socio-econondc

returns to juarantee its place in the developrent of reneweable resourceg.

It should be ;ointed out thet in sfforestation there 1+ en inevitulic Llug
belueenthe tine ol invertmont and the beginning of harveut, whereos for ciosee Lhe
affects ore inmediate, rrobebly the best strategy is to implement both croygramzes
simultuneously nrovided that resourcos are available., Theorotizelly, the livestock
populatizn in Hepnl cen provide enouph feedclock for one amell dokestic plent ver
household. The distritution of animals unfortunciely does not permt thai. If
houwsver, gas plnnis aro installed for familios that pussess enough enimals, there
will be less competition for firewood with the less well-off villegers, and
depleted forest in the locality will rocover more rapidly.
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TABLES

Table 1.1 Capital and recurrine costs for a domessic plent

(dome type GP 10)

Caphtal. copt, HiRg

Plant installaztlion plus accessories 10,246
Annusd, Becurring copts
Labour for operstion (1/2 hour/day at 1 NRas/hr) 183

- hauling vater, mixing slurry, ete,
Hepair enda maintensnce (2 gas taps or _as

valves and partc for lemps) 1 150
Coupost or straw insulation for winter,

plus plastic for passive solar henting

of effluent 1oo
Total 423
Note:

%1 The government minimum wage is now 10. 40 NRs/day or 1.30 NRs/hr,
since plant ownar may be opersting nlant himself or use exdeting help,
no extra lebour will be hired and financially will cost him lesu,

#2 In the first year aftor installation, Gobar Gas Comnun: provides
full zuaruntee, therefore repeir and maintenznes should e excluded

tron the first yesr's costs,

Table 1.2: Savincg on Fuel
(4) (8) (<) (D)

Fuel Calorific value Efflciency tuontity of adtficient k.cal/yr.
fuel/yxs

Blogag 4628,6 kcal/m3 525 ?11.m3(2500) 2,192,901

(545 Cl4) (25°¢)

Frewood 4300 keal/kg 15% 2380 kg w1 1,535,031 (70, of tiogas)

Kerosene 9000 keal/1 50% 146 1 w1 657,870 (30% of biogas)

1.870° gas (25°C) = 1 litre kerosene
0.27133 gas (25°¢C) = kg firewood
\6) = (D)/(A)x(B), assuming 70% of the zac replaced wood for cooking and 307

replaced kerosene for lighting.
Price of lerosene ic 5NRs/1, savings/vr = 1.C » 5 = 720 URe .
Price of firewood: O.6NHs/kg (Batwnl), savings = 2320 x 0.6 = 1,28lRec,

0.36NRs/kg (hill), savings = 2380 x 0,36 = 857as,
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lable 1.31 Fluapclel Aosdvals, - domestic doms type plant
{in copatant 1923 NRs)

Yoar | Total iPresent Ydiscount {Totnl [present | Incra- { Frosent Prosent
Cost |Worth faotor Bane~ |worth ment, vorth defs| worth d.f,
'15',*; (a.2. for |1t |15% bene- | 14%  14h| 1572 15%
l 15% £it or !
' Cash i
- g flow 1
1953 10.,5297- 9,160  .870 2,158 -3371 | -7341 ©8T7L7283 0,870
84 | 433 JT56 12,152 1725 1\ }
85 | 433 | T 658 2 1sg 1 A 1725 1] g
86 433 | suma 572 2,158 ! 1725 |8l5mn gim= | gUDs gUD =
1797 ;
87 | 433 ] W97 2,168 Isumw1083111725 17490  4.242!7157 4a1dy
8 | 433! o432 Ry158 1725 |
89 | 433 37 12,158 1725
90 | 433 o327 R,1%8 1725 l
9 433 | 0284 2,158 1725 \ :
92 | 433 | V 24T R,158 1725 WY Y
TOTAL 10,957  5§.019 10,831 #1549 5,219 =126 5,019

Benefit~cont ratio at 15% e 10,831/12,284 = 0,99
Hot pressnt vorbth at 159 4 10831 ~ 40,9578 «126 Nrg
Intsrnal mate of retira w 15%

2
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Table 1.4 Meggurng of the yorth of domestic biogas plapnt with aud without

P o1

Flnanoing eflt-cost retio [net present } internal rate of return,?
worth, NRs

{A) Firewood price = 0.6 NRs/ig (Butwal)

without credit 0,99 126 15

loan 11% 7 year 0.98 =256 11
(B) Firewood price = 0.36 N Rs/kg (hill aveyage)

without .credit 0.73 -2992 3

loan 11% 7 yeer 0.72 -3121 below 0

interust-free. loun 0.95 ~-168 12

aubgidy 415 1 n 15

dable 1.3
Dyplcal Buninegs fox M
Yo. of No, of hrs. Quentd b/ day Gros 1incoue
Yonth Honths engine run Kce, muri jWheat. per period,
per day
pathl FERae
Nov~pMur 5 4 15 3 10,200
Apr -Jul I L 12 10 6,960
rug -Oct 3 1 8 1,080
Total. 18,240

Note: (1) 1 auri paddy is about 50 kg,

Huiling charge is

4 NRs/muzi end maximum huliing rate iz 6 murd/bre
(2) 1 pathi wheat is ebout 3.2 kg. Mllling charge
18 1 KRe/ pathl and maxinum milling rste is

12 p&thi/h!‘a
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Zoble 1.6

Diessl Raquired §Gas Re- | Ggp left for Equiyalent of
Hont JARZIN quired Cooking Li-nting]Fuel Kerosen
per day per per day mj/duy m3/dﬁy vood
period m3 e 1itre
Nov - Mar 2,24 336.0 8.8 - ~ - -
Apl‘ - Jul 2.& 269.0 8e8 302 - 1-:' -~
Aug -~ Oct 0,56 50,3 2.2 8,0 268 30 1e5

- 65523 (ox 3604 NRo. at 5.9 NRa/1)

Note: The engine runs of 40% dissol and 60% hiogas.
For a 7 H,P, snginc the diesel requirement is
0'4 X 092}(7 «x O'I')b lim.hro

'able 1
Foel Roquirement. fox Diep2l. Svaten
Month Diege) Requized, litre
_ per. day per. period

Novenber - March 5¢6 840
April - July 5,6 672
fugupt ~ Octobox lak . 126

Total 1632

(or 9010 NRs ab %05 Niw/1) |
11 « 25
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dable 1.8

Blogas Syatems - for HWulling and Milling
Capital Copt ~TRa.
Plant Instellation plus acceszeries
(dome type !'500 cft') 37,515
7 B,P. dual fuel engine (Kirloskar) 10,500
Rice Muller plus accessories Ko, &) 2,500
Flour mill Plus accssoories 16 " 2,500

Heat exchunging device plus accessories and pump 14500
Total 549515

U cu

Labour for plant operation (i hr at 4 NRs/hr.)

mixding alurry etc, 365
Labour for operating engine, huller and mill
(350 NRs/Month, less during slack season) 3,500

Maintenance and repair (350 NRs for engine 950

NRs for huller, 850 NRs for mill running 2,250
below 4-5 hr each day, 250 NRg for plant and

heat exchanger)

Diesel 3,604
Mobil oil (2 1/month at 28 NRs/1) 12
10,391
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w (cwrt(‘loaoz)
Elnancial Analyvgls (in conatent 1983 NRs)

Year | Total Frosent] Total Progent, Incro- Present Yorth
Cost Worth Banefit Worth mont 20% 214
15% 15% Benofit
1955 | 64,756% 56,338 | 21,396 A | 43,360 | ~42,735  -42,428
1984 | 10,391 21,396 11,005 ™ '
1985 | 10,391 21,396 11,005
1986 | 10,391 21,396 11,005 |
1957 | 10,391 Sum = 21,396 Sum = 11,005 | Suw = Sum =
1925 | 10,391 43,112 21,396 107,387 11,005 ¢ 43,876 41,863
1982 | 10,391 21,396 11,005
1990 | 10,391 21,396 11,005
1991 | 10,391 21,396 11,005
1972 | 10,37 21,396 V% 11,005 X
1,000 247 1,000 227 207
(Salvage)
Total 99,450 107,634 1,009 =154

lote:™ Matutenance and repair for gas pla—at (eatimeted 150 HNiw)
covered by inatalling company for the first year.
Benefit cost ratio at 15% = 1.08
Het presemt worth at 15% = 8184 NRs
Internalvate of return = 21%
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Table 1.9

(In constant 1983 HRs)

Lopital Copts NES
7 H.l'. diesel engine 10,500
Rice Hiller plus accossories 23500
Flour mill plus accessordes ~22200
Totel 15,500
Anpugl Meuyring Gogtp
Lebour for opaerating engine, huller, end mill 3,500
Maintenanca and repair 3,000
Diesal @, 010
Mobil oil (2 i/month st 28 NRs/1) el
Total 15,162
Year Total Present ( Total Present Incro- Preasent Yorth
Gost Worth | Banofit  Worth nent
157 i 15% Benefit 215 224
i
183} 30,210 26,693 { 185240 1 ~11;979 9895 9,823
198, | 15,182 | 11,240 3,058 " h
1985 | 15,182 ! 18, 240
1986 | 15,1792 18,240 1
1987 | 15,182 Sum = | 18,240 Sup = Sum = Gum =
19%¢ 19,122 62,790 1€,240 91,547 9,867 9,492
1989 | 15,142 18,240
1990 | 15,182 18,240
1991 | 15,182 18,240
1992 15,132 \ 18,240 W v \J/ Y
1.Q00 247 247 yPAS) 137,
Total 9,683 9,805 121 - 19,

Benefit cost ratio st 157 = 1.02
Net present werth at 15% = 1,864 Hhg
Internal rate of return = 21%

Il =28
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Table1.10 Ir:igation xmecuirements oy creps

Whoat
Rice|Grouing seasoni é groving sescon
a1 P~
Honthn 5 6 7 3 9 10 11 12} 1 :
! ! _
Co-officiant of transpiration, k 11 11 1.0'7; 1,0 0,9§E <28 o5 16711 i
% of deily dey-iims hour of year | ! 3 | 3
tgtal, P 0.31 .32 o3il .30} 281 .26 (24 .231.24
Aversge temperature, T*° 31.8 2.1 ] 201 20.2{ 283U 2631 21.8| 16.316.2
; }
trarage reinfoll,nm*2 23 331 425 353) ;ep  28p - - 1 :
i { % i
oo ‘ - : ¢
_ CrL.CULATIONS TFOR GROSS IRRIGATION WATER REQUIREMENT (GI) E :
— Py . 1 Y !
'\s’ 1) Evapotronspiretion, E*mm/ month 231 226 a2 192 168E 4t 6l 118}122 :
o - ;
: 2} Percolstion loss (7=m/ day) mm/month 210 zi6 210° 210 zwg - - -3
. ! . :
3} Effective rainfell mo 23 360 1 345 2000 145§ - - ~ 1,
let irpigaticn {(HI),= : ’ :
(1)+00)+(3) ymzuonth 418 76 | 77, 2030 233f 26 64 18ji21 |
Gress irrigeticn mm/month . 643 117 1334 Mz 358 ¢ 40 98 1821184 }
(GI=NIZ55% erficiency) zm/day 21.4 3.9 ; 3.9 10| 119 E 1e3 3.2] 6e1{5e2 i
1 L. e s e o e
Yater. pumped/day 123 x4 523 1 104 | 104 R60 250 p i35; 327 596{605
Pumping time/day, hxs 11,2 .2 1 2.2 F.6 6.3 2.9 7.0 12,7112
Rioges Productlon/dny,m*" 14.5 14e5 | 14a51 14.5{ 145K 8.5  2.50 2.5 8.5
oine wiih biosas/di 7 : 2
Pumping with biagas/diesel, hr 6.9 -2 - N 6.3¢] 2,91 4.0 4.0} 4.0
Pumping with dieze alone, hr 4.3 - ! - - : o ¢
Biogas in excess,n fday, - A ¢ 3o | ; S 3, 8.71 8.9
Diesel required, 1/dny> 6 i 0u55 1 0. T 1,2{; 2 AR
Lightine (G.147/1ight, hr) light-nr day - 1 - 101 1'920'.7; { 1’% %7 9.9
_ Renlacenont of kerosene for lighting,i. - 2 5.3 5.3 _(.4. 0‘7-? 1":: i " : :
P
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Hotons

1.

for wheat half-month; for rice 10 days 1lncluding water for lsnd
preparation and nursery ,

Climatic date for Janakpur (Sharma, 1974)

Elaney Criddle mothod = E = i x p (0,46 T+3) x30 mm/month; T in °C
Water pusping requirement/day = irrigated ares (ha) x GI (mm/day ) x100°

plun 105 for village consuwption, Jrrigated area is 2.4 ha for rice and

9.6 hr for vheat,

Puaping capacity of 13 1/ or 46.8!13/}11'

Pumping time/day = water pumped/day + 4.3

In the Te'rai di ~caa‘bur towperature in the summsr can reach 3000 and in

uinter, with insumtion and solar heating of influent, a tempersture of
C is attainable (since gas plant is a long distance from thse angine,

hoat exchanging is impossible)s With 200 kg gobar and retention time of

74 days, the corresponding gas productlons are 8.51115 and 11.,..5m3,

With tho engine coneuming O.42m3 biogas/ilP, hr, maximun puuping with biogus

ic feasible for (gas preduction/0.42x5) hour per daye

SHP ungine running on blogas/ dlesel mixture roquires 0.25 1 diesel/hr and

on diesel alone raquires 1 1/hr,

11 -30-
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Teble 11111 Gonta for a Dlogas drrigation gysten

ERS
Sapital. Coats ~ With subsidy Wi thout
* subsidy
Gas Plent:
Ingtellation of plent plus appliances
(inelusing 2 lights) _ 18,758 37,515
8 lights (350 NRs/ light) 1,400 2,800
Piping for iights (2001 at 1€ MRs/m) 1,800 3,600
Irrigetion systems
5 H.P. cngine plus puap aet 10,500
Ingine house ‘ 5,000
Water tark 800
38,252 60,215
fonup) pocurring qogte
Mgintenanes for engine end plents ingtallation
) ote, 2,000
Diesel (183 1 for rice, 727 1 for vhest,
at 5.50K5/1) 5,005
Mobil oil (2 1/ month at 28 KRe/1) 672
Labour for irrigaticn (60 hr for rice, 1053 hr for
wheat; 2 psreone at 1Nfa/man-~he) 3,308
Labour for gas plantepsrations
(1% nr/dey at 1 NRs/ar) 548
Seed 1,765
Chemical fertiliuzer ) 8,707
Extra labour for paddy and wheat crop
(Table 11.13) 6,763
TOTAL 23,774
Note:

n 50% subsidy, except Zor farmers' labour and irrigention system
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Toble 1.17:  Znpul requixement for yice and whent crop

Seed requirement | Fertilizer require'nenf{ Trr.i.gated erop
Xy [Labour| Extrea labour
STTRE - A
keg/ha NAS/kg NRS/crov | NRS/ha NRS/crop | NRS/hn NRS/eron
raddy™ 50 2,00 240 572 1373 950 240%3
wieatM 50 3.8 1,526 | 764 1334 620 652
1,766 8707 6763

Noto:
®1 = Irrigeted paddy, 2.4 ha
lrrigated wheat, 9.6 ha

X, = Sourcet Shibata San, 1980
#y = Extra labour required for peddy crop/ha
= latour for irrigated crop (950NRe/ha) - labour for reinfed croy
(850 NRa/ha)

Table 1.13: Grogs Profit from exira cyop yield

Yield t/ha Price Irrigeted arec  Gross Profit
__ Irmgated rainfed NRS/kg he Nis/crop
raddy 3.0 2.0 1.50 Reds 3,600
Wheat 2.5 - 1,80 9.6 © 43,200
. m

Table 1.143  Comparigon of blogas irrigation pystems rup on
Diogse. o liesed. alon

System Bonefit-cost ratio  Net present worth Internal rate of
at 15% discount rate NRits rewrn, %
Blogas
No subgidy 1.8 514441 50
KoY, 1443 70,543 50
Diesel 1434 53,370 50
11 32 -
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Table 1.15¢ Reonomic Analysis - Costs and benefits of a

dopeatic bloges aveten

Plant instnllation plus appliances
(including extensicn done by instelling agency) 10,246
Materials centributsd by farmer (brick and send) 805
Labour contrituted by farmer (shadow price,
taken &8 hulf the unskilled labour wage) 360
‘ Total 11,411
Annual rsewrzing copts
Labour for operating plant (hslf the minimum
vage: 0.5 hr/day x 365 x 1,30 HRs/hr x 0.5=119) 119
Renalr & maintenance 150
Compost/inpulation for winter eto, 100
Total 369
Senpfite
Savings on labour - fuel collection,
1 hr/day at 0,65 Re/hr 238
- cookingend dish nleaning
% bour/day at 0,65 Ra/hr 119
Kerosene 146 1 (5 Ra/1, the mavkst price ic 730 W
used since it is not subsidized) Wt.of cooz;’g
wood (Rs/kg)
Firowood~afforestation ostimate, yiold 5a°/hs 1,309 2750 0.5
70 /he 93z 3850 0,39
10m°/ha 655 5500 0,27
Afforestetion yield, mj/ha 5 7 16
Bonefit-cost ratio at 15% 1019 1 0.86
Net presant worth et 15% 189, 1 -1289
Internal rate of return,% 23 15 2
11-33 -
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Chapter 12. 4 PRACTICAL GUIDE TO COMMUNITY BIOGAS A ulmer

The thruat for establishing community biogas plants has been to make
viogas technology available to lowesr income groups of people. AV presant
only the top 10% to 20% of farmers in Nepal have the resources to
ingtall a family asized plant for themmelvea. The ideal is that poorer
people coming tugethsr will be able to match in money and livestock

vhat the r'ch can provide on their own,

The application of thim ideal has to be grounded in the reality of each
situation and succesg depands on giving due weight and study to the
worde: "poor people coming togather".

People
The people are the focus of our concern.

We should be people orientated: technology must not be allowed to
dominate, but should be arranged to fit around the real needp of the
people for whom it is intended, at a level at which they are able to
understand and cope with,

We should be realistic: people want to go their own way, but they may
be willing *to werk together fox one activity, if they profit from it.

Thers have been few examples of successful community biogas projects.
There may have been a lack of realism about the part pelf~interest plays
in the lives of the poor. As an economic group, they have no grsater
willingness to cooperate than any other. Their willingnesa 1o take part
in collective actlon, as cpposed to the self-sufficient lifowstyles of
the rich, is not baped on any ideals, but on their proven expsrience
that they can berefit by working together. So biogas technology must be
pregented in such a way that the people as individuals will benefit from
the project individwnally, if they cooperate in it.

Community

A "community hiogas project® is defined, for the purposen of thisg
diecussion, as "a cluster of individuals, whether urban or rural, who
ghare in part ownership of a biogas inatallation®.

There is a distinction between "group ownership!, involving a self=

selecting group of 4 tn 10 people, aad "village ownerphip?, which impliss
that all the poople in a village or local ncighbourhood are involved (up
to 100 people). In practice, group ownership seems to be more succesgful,
but this discussion includes both petierns, '

Questiony Bafore a2 Plant ig Planned
Why is our organisation involved in a community biogas project?

The motives of the implementing organisatien and members must be
congidered. I community biogas part of = larger pregramme? When rural
deveropment ig "in fashion", community projects als often uped to
justify less fashionable work. Outzide presmsur:s from fuading crgania-
ations, a deaire for prestige or political advantage or thes naed to
spend grent money befors the end of the financial year, all can diptort
an otherwliee well planned programme.

Are we setlting up a community biogas programme in order to help oursalives
or in order to help ths people of the community?

Pailures in comuunity biogap projecta often lis with the implemantors,
not the community or the technology. It is important io waderstend tho
pressures under which we ara operating end not to sllcw them to distort

our planning and implementation.

Are we willing to commit ourmelves to the people of the community? P“
N}
\ L
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If we are involved in setting up a community nicgas project, we must
find the right community with which to work., “his is a ‘ob that the
implementors nmust do themselves. We muet stay in the commuuity for
several nights, eat their food and accept their nospitality. II we are
foreigners of a differcent culture %o the villagers, frow a dilferant
nation or tribe or caste, we must be prapared to cecome fariliar with,
and accept, the asocial and cuitural traditions of thé comeunity in which
we are to work. Ve must undersvand wna: the people are sayil, tieilr

way of expregsing themselves.

There 1s no substirtute for time spent with pecpis, weeiily taew iulorm-
elly, getting to ¥now them, po that we cease %o be “The Expert" from
outgide, hut are smeen as someone wno cares and listens.

How will the Pruject be Flnanced?

Poor communities do not have tne capival to puy Zor a comnuni.y biogas
plant. Therefore another organisation (not necessarily the iwplementvors)
must provide capital, as a loan, a direct subsidy or a mixture ol the
two.

L]
Ine people of the community must have a finamclal commitmenti to the
project. They must provide input %o the construction of the plant, such
as free labour for the digging of tits. Tney should take part of ihe
Cos8% as a loan, mo they have = stuke in the successful oparation of the
sy¥astem,

A carelul economic analysir wuet be made of the project. In Nepal, we
recognige tnat bicgas rechnol gy uust be partially subsidised to be
inancielly feasible. The levsi o the loan component depends on the
ability of the people to puy vacs the loan, and this must be asssssed.
The project itsel? should senerate an income %that ieg sufficient to pay
sCX the loan and alro Lo give the people a useful profit.

Whatever approach is followed, it ia vital that the declsions are wade
before meeting the p-ople ol the community, Iv will be one of the Iir:t
Jusotions that the people will ask, and they need a simple and Sirect
angwer (in writing ir neceasary). Misunderatandings must be avoided,
sucn as reactions of "Oh, but we thought ....." and #But, when vou
Tfirst cams, you said ......"%, in the futurs.

who will provide she capitai Zinance, for botn loans and aubsiar?
I 18 better [cr Lue implementors rot te be responsibvle Sor providing

finance, especialiv Locan f<nancs. Nationsl Agricultural Credis Scnewmes
have uienty of experience .ith giving lozns and collecting repaymelto
and it 1s good 1o give the regponsibility o them. Qur enerpies shoul.
be directed into wullding . system that worke and for waich the paopla
are happy <¢ pav.

tow <1 . Techaical Follow~-up be Provided?

A#BUlL¢ Tha™ Lae ne esmary expertise, dewsigns, matsrials and transport
Tucil:otiee ave avall oie vn build the plant, orovielun snowld also ve

made o Lellow-up w  raianaln the plant. once 2y has bewn Culll.
If techarcal failare. cveeur, who prevides, and paye fovr, vepair?

In liepai, a previouc prograwne involveu tue uuildlng of 7 community
Plants. . ysar ifter the inplementution, a murvay wap done (Bulmer 1u-(
whicnh anowed thai orne of the major causes of ‘ailure was inacequate
mairntsnance provisic:. A community plant ie rore vulnerable %han a
family plant, as no e person ip responsible for repalr work. In tuc
above caaes, Lignts .ol cooking gtoves were oroken and the users trie.
veoue taeén repalrec, cut the implemenvtors oF the project were unable
Lo ive an adeq te response. In s short tiwme the users lopl ntersatl
ir the aysvem a. 1t ptopped operating.



Do we know of previous attempts to set up community bioges projects

in or near our srea?

We need to learn from other people's successes and failures; they are
less expenaive to us than our own., We should visit other community bio-
gas plants, talk to the users and the implementors and read any reports
they may have written, We may even need to make our own assesecment and
report on their work. Learning from others will warn us of any pitfalls
to avoid and stop us making the same misgtakes. It may even give us
ideas that ws had not thought of.

How is a Community Selected?

There are many factors to be takeu into account when selecting a
comminity with which to work. 1f a community has beén recommended by
someone elge, a government official or = local pollitician, we must
analyse their motives for the wecommendation., We may be aiming to help
a certain catagory of people, a particularly poor or disadvantaged
group. We mey have certain geographical cr environmental alms, such as
setting up a plant in an area of deforestation, to encourage the use
of alternative cooking fuels %o vwood. Commmnication is a factor: do we
want to be able to reach the community quickly and eaeily from @ near-
by town? This may distort our other aims, as the poorest people usually
live in the. least accessable areas.

Do we want to choose a community that has already shown a spirit of
cooperation or one that has slready sxpressed an interest in bicgas
technology? People who are already motivated are much easier to work
with,

¥Wnen the criteria have been establisghed, we should contact people with
good working experience of the area in which we intend to work, euch as
commmunity health vworkers, agricultural extsnsion agents, for their
advice and suggeations,

Questions on Going to a Community

The number of people in a visiting team, and its composition by sex,
age etc.,, can affect the initial impression the pecple of a community
raeceive, depending on the locel culture, An individual visitor may be
less threatening than a team, The mode oI transport (ranging from
helicupter, through jeep to foot) alsc affecte initial improssions. It
may be better to ieave a vehicle avway from the village, so that ths
people's first sight of us ip on-foot. The time of the visit is akeo a
factor, people are wore likely to talk and listen if they have no work

to do.
Should someone introduce you to the people?

In some places, it is better to work through local political, dewelop-
ment or even religious agencies, whon contacting commwities,

The initial contact will be formal; a time of explaining our purpose
and discovering the possibilitiss. If the situation looks promising,
then arrangements to return for a longer astay can ba made. Pacing a
stranger, villagers will close rankg and only the influential ones will
gpeak. In many places, the women will not even be vislble, It may take
several visits before the real feslings of everyone can be expressed.

Collecting Information

Much information is required to make a full and careful aseasement of
the feasibility of e biogas system for the commwmnity, and time znd
patience are required tn gather it., Answers to questions should be
written down, but the appearance of a notebook during conversationo
can make a villagser wary, Information should alwaye De srosa-~checied
with anoctner person; villagers do not always tell the truth about

12.2 AN



themmelves to outsiders. Answers about land holdings and income may
reach the tax authorities. The local tea shop or the next door villages
are places where alternative versions of a story may be found.

The core of the
Location :

People

Relationships :

Economic :

Livestock s

information should be:

Postal Address;

Map relating the village to the wider area;
Relationsghip to local servicea, roads, government offices
Map of Village,

Number of houpeholds;

People in each household, by age and sex;
Litersacy.

Family Linecage;

Caste, tribal and linguistic links;
Religious affiliations,

Occupaticns and typical incomes;

Land holding;

Ownarahip of capital goods.

Type, number, sex and sizej

Daily gquantity of dung available.

House Na.
“’\r Y Cattie Shed
\ \ atlie o
<Y [V FA g [B5C DN of #
Y | 07 002 00 4 777] Slore Shed
< Occupation
p) 2. F A 6. F B F Farimer
N |05 :
12 4 5 6 L Labourer
x\ 3 6 QW S Blacksmith
Ny pFA Caste/fribe
AN 0.3 A Gurung
.‘\
SN L2 Ts 8m o5, 58 \ B Brahmin
'82 C Karmi
N 3Q5 ooree in heclares
Number of cattle
‘ fi?<>§;\:\ -Mumber i Family
5 / / AN
S O\ Maie -age
. O Femak-age
Plan of Village Key
House No.3: Singh Bahadur Oetails
D 9 Land . Q5hectare
LST 0 Not Irrigated
T T 200m Wof
O A O Village
18 13 9 Productivity: Food for 9712

6

Family Details

Months (maiz)
Livestock :Cows 1 -
Oxen 2

Pigure 12,1 Presentation of Information from Sample Village.
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The Political Dimension

The pattern of suthority and dzcision maklng in the village 1e one of
the most important items to information, but is the moat difficult to
agsess. We are interested to know how the villagers are likely to

cooperate together in the project.
We must find out:

Leadership : Who the leaders are;
What is the bssis of authority: wealth, charisma,

education, religious status?

Factions : Under which leader do different villagers align
thempelves and fer what reason?

Pleputeg : What is the past history of court cases, lan¢ disagree-
menis, family antagonismns, personality claghes?

cooperation . What nave the villagera dona together in the past, that

demonutrates a apirit of togetherness?

A uistory of cooverative ventures is the most important sign for which
tu look: building a village well, making a road, runaing a local school,
having a cowmon grain storo. The nore telling ventures are those that
require suatained effort: mainteining the road, paying a teacher's
galary. Sharing together ‘n religious fegtivale is an indicator, but a
legs eignificant one.

The Tesat

Now we have collecied all the information on the community that we mnesd,
The villagers seem interested in the comminity biogas project, and we
are hopeful that they are willing to cooperate on it. The next stage is
the Test.

The Test ia a principle in the methedology of 'The Village Reccnstruction
Crganisation', run under the leadership of Michael ¥Windey $.J., in
Guntur, Andhra Pradesh, India. He saes 11 as an espentiel stage in any
community development process, to determine the real commitment of the
pecple to a project.

The people should be challanged to complete a specific task, within
thelr capabilitien, They could be told to repair an approach read, 80
that materials could be brought to the site, cxr to dig the firat 2 m
depth of the digester pit. Thay must orgenise this job among themsolves
ard come te the offlce to tell us when they have flnished. They muset
not be supervised during the test, it is a teat of theixr ability to a
job by themgelves, and also that they have wmore than a polite interest
in the project.

If the people come to a specified place to t21l us that thay have finish-
ed the task, then we can continue with the project. If they never comse,
then we should look for enother comwunity with which to vork.

The Menagement Committee

if the community passes the test, the next stage is the menagement
comoittee. It mist have authority and be recoguised by all the members
of the community, The form it taekes must be agreed by the villagers,
with help from the implementor.

Who should be on this committee?

How committee membere are chosen depends on the cultural agsunptions of
both tire villagers and the implementor. It may be by democratlic procesa
or by conpensus. The committeo may include repregentatives of the less
advantaged groups, such ~3 women end the landless. It should have onough
power to ensure that decisions concerning the project are made fairly.

We can point out to the villagers the areas in which cooperation is
requirsd and the likaly pointe of contention, but they must decide on

the measures required to mset thess demanda.
12.5
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The frequency of meetings, the creatior of postas of chairman, eecratavy,
and treasurer and other committse matters must be decidod by the
villagers, with guidsnce from the implemerntox. Simple training way need
tc be given in taking minutes, doing accounts and ruaning meetings.

Technical Aspects

The emphasis of this chapter is on the community, rather than on the
teclnology. There is a big difference between community ownership and
individual owmership of a biogas plant. The individual cwner only needs
to answer two pocio-economic questions: "Have you enough cattle to feed

a biogaa plant?® and %Can you afford the price?".
How does biogas fit into the life of tha community?

When the subject of biogas technology is explaired to tie villagers,
they will need to kncw what they can use 't for, Can biogas technology
answar a nesd that the villagors slready heve? A supply of cnergy is

a basic requirement for living, but the villagers must understand in
detail how a biogas plant could make their own lives easier.

The different possi{bilities for vhe use of biogas should be explained
to the villagors as clearly as possible. The uge of pictures or a small
model way belp them to underestand this nsw concept for them, If it is
possible to.take a group from the village to see cther btiogas instell-
ations, and especiaily other community biogas systems, they wiil grasp
the posuidilities more quickly.
The villagars must decide for themselves how they want to use the gysaten,
but they must be given as much information as po3sible, &0 they cen
make a meaningful decision.

The Usoo of Biogas in the Community

Bicgas nas bean traditionally used for cooking and lighting; domestic
ugep which gave money, but do not earn an inecome, We believe that a new
dimension can be introduced if the gas is used to earn an income for
the villagers. The advantages of thias approach focus on the araas whare
comrunity biogas io most vulnerable: in the taking of rasponsibility
for running and maintaining the gystem,

IT a blogae plant i{s usad to earn money, there is a stong incentive
for all the pecple in the community to keep it xunning, to keep the
money comlng in.

If the gas ie uged fox a single major purpcse, such as running an
engine, ths people can concentrate thelir efforts oa enguring that this
ip mainteined properly. I{ other equipment, such aa lights, fail, the
purpose of the plant im not lost.

Also this approach nffers a msansg of reaching poorer cowmunities. If
the economic enalysis hag been done accurately and the correct subsid-
les are aveailable, then poor psople can repay the cost of a loan for
the biogas plant from the income it gensrates.

In principle, there are mauy ways in which blogag can be used to earm
money (see Chapter 8)., In Nepal, thsre are only tw¢ ways that have been
tested or studied in depth: grain milling and irrigation punpirg.

The Uss of Biogas for Milling in a Comaunity

Several commumnity plonts have been set up in Nepal that use the biogas
to run a dusl-tuel engine to drive grain milling equipment. The Joint
owners of these mysteme seem to ba happy with the profits that they

earn. The income seems to be enough to cover the loan repaymenta for

the whole system (most have received a 50% subaidy for the bicgas plant),

126 .
W



How will a community mill be run and organised?

An operator is needed to look after the engine and milling equipment
full-time: to maintain it, to ensure adequate stocks of fuel, oil and
spare parts and to repair it if it breaks down. It is better to send
a member of the village away for training in this work, if at all
possible, than to employ en outesider.

Another person will be employed in organising the customers and taking
payment for milling services (given in cash or iun kind, a proportion of
the grain veing milled). This job may also be full-time ani chould be
dcne by a member of the community whem others truss.

A third person should have the respongibility of checking the income
each day and of keeping detailed accounts of earnings, expenses and
profit.

It is important that all the members of the community feel confidant
that their interests are being protected. There are too many cases of
cooperative ventures in which the treasurer nas run away with the money.
We must enasure that the management coumnittee faces up to such matters
at an early stage and makes proper arrangements to safeguard against
misuse of funds. They should alsc ensure the security of community
cash and grain,

The Use of Biogas for Community Irrigation

One community biogas system in Nepal has been set up to run an irrigation
pump, but it has not been running long enough to confirm our economic
agsumptions:that they will make a good profit rfrom the system.

Tre first question to be settled is: where ig the water? Is there enough
water throughout the year available from & nearby river, shailow well,
bore hole, to maka irrigation pumping an economic proposition? The
implementor may need to ask help rrom irrigation engineers to ansvier
this question.

The positions of: the source of water, the lands to be irrigated and

the vil"age and the ca%ttle gheds, must all be considered in choosing

a site for the plant. Often a source of water is away from both the
village and the land. The water musgt he brought to the land along =
suitable canel or pipe. I{ the biogas plant is near tha pump-get, to
which it is supplying ges, the cattle dung may have to be carried a

long way each day. If the biogas plant ie in the village, where security
is better, then the biogas mus® be transferred to the engine. This can
be done with a long pipeline of a suitable gize (see Chaptar 6), but
pipelines are expensive., Biogas can be transferred in a large plastlic
balloon, but this 1s easily damaged.

The villagers must be pregented with all the possibilities and the
advantages and disadvantages of each, so they can make their own
decision.

Will biogas used for irrigation pumping help all members of the community?
Irrigation will belp those with lend; the more land a person has, the
mcre benefit ne receives. Ve muat help the management committee face up

to tnese igsuen. If everyone in the communitv is to take part in the
project, they must all xeceive some benefit from it.

A careful analysis should be made of people's land holdings and where
sach person's land is, in relation to the canal vhat will bring the water.

How will paople who have no land, or whose land is noti in the irrizated
area, tenefit from the project?

Phera are several ways in which this question can be sngwered, Psople
can be each given 'credita' for the gas or the water, which they can

7 p)
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peil tc others, An arvangemsni can be made where those who might not
otherwise benefit may rant land in the irrigated area from others, It
may be decided that those who will not venefit from the water should
not take part in the scheme at all, Thosee decisions must be made before
the inatallation work is started,

An irrigation pump is only used vwhen the creos need water, bLut the blogas
plant ig preducing gas all ths time, Should the gaz be used for soma
other purpose, guch as cooking and lighting aswell? If this is dons,

then gas will not e available for this other purposge during the irriga-
tion geason,

As with milling, an operator for the pump-set should be trained to run
and maintain the equipment.
The Use of Bilogas for Community Cooking and Lighting

dost individually owned bilogas plants are used for domentic purposes,

30 cowmmunity blogss plants are planned with domestic use of the gas in
mind. Organisationally, this way of using the gas cen be the mogt
complicated.

fgain, the villagers eznd the management cowmitiee nnslt meke many decicions
befors the plant is built, All the villagers in the schewme must have

equal access to the gas., If the gas supply is limited, the uge must be
conirolled. Some houses will te further away from the biogas plant than
othere, but they mist not receive less gaa.

Who has the responeibility for mailntemance of the commuvaity facilities?
Tor tho individual family stoves and lighta?

Maintonance people can be trained and supplied with tools and spare
parts, but how will they te peyed? Who pays for the aspare parte?

The failure of ccoking stoves and lights, without guick repair, is the
quickest way to ensure a commwnity effort fails,

Running the Blogaa System

The villagers must make sure that effecuive arrangemenis are mads to

feed the plant with sufficieout duvng every day to produce the biogas
required, The arrangements muast “e seen to be falr, Those who supply

less dung may need to compensate in anotheor way, such as giving labour,
Someone mugt te regpousible for ensuring that everycne gives as much

as they have promisaed,

In gome places cow dung is dried and used for burning. Are «ll tho
villagere convirced thet putiting the dung in the blogas plant is a better
use for 1t? It is orten difficult for people %o change their habiis.

Arrangementp mist also be made to share the slurry that comes cut of the
plant in a fair way, It ceu be driad and stored for future use as
Tertilizer, or it c¢an be put into the ivrigation wator. Who benefitp?
The fairest eystem le thnt peoploe should receive back, as slurry, what
they put in, ag dung. Thiz may be difficult to do when putting slurry

in the jrrigation water. In thie ceee, credits mey need to bve given for
fertilizer, as well as gas,

The mainterence of the plsnt wmust be ylanned for., How will the cost of
mainienance ba coversd? Who is rasponeible? The implementors must \
ensure that expert technical help ie available, if it is needed, and that

the peopls know how to find {t.
Adding Latrines to Communlity Blogas

One benefit of a community bhiogas system is that latrines can be added,
thus improving the ssnitation of the village, and alse the gag grodgction
from the plant., Howeover, the introduction of latrines adds a furthex
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get of compiications, for which planning must be made ty the villagers.

The defecating habits of the people need to be considered. The help of
a woman, such as a community health nurse, is useful in this discussion
with the people. The people need to De convinced that latrines will
help them, by improving the health of the village. Agair they must
change their habits, and this is difficult.

If latrines are added to the plant, the spiting of the biogas installation
must be well planned., People demand privicy for using the toilet,

The latrines must also be well planned, especially as thera is a limit

to the water that can be added, to give the correct total .olids in

the plan-w.

Some people feel that the use of night soil in a plant somehow 'taints’
the gas for cooking.

Latrines need %o be cleaned, but who will do it and how will they be
compensated or paid? How will cleanliness be maintained?

One night-soil biogas plant has been built in Nepal, with 18 latrines,

for an urban community as a sanitation meas.re. Many people used the
facility, so it scon was overloaded. Cleaning the latrines became a
problem, as poor quality gas was produced, so it could not be sold to

pay the caretaker, as was planned. It has now been abandoned (Bulmer,1980).

Evaluation

Community biogas plants are complicated, and we need to learn as much

as we can avout setting them up. An evaluation of how each plant is
working is not only valuable to the implementors, but aleo to others
interested in this area oX development. The more this type of information
can be shared, the fewer failures we may have.



Shapter 13, BIOGao ZAIENSICH D, Pulford

The extension of biogas tecimnoloyy to 4 large number ¢! people in a
developing country is a task that many planners nave underestimated,
There are extension programmes in several countries in aisia (Subramanian,
Eggeling): Korea (30,000 plants iu 1379), Taiwan (~,500 plants in 1975),
Philippines (400), Thailand (200) and Pakistan (1005 (Eileg4rd), but
they have not always ta2en as successful as tne planners hopeu. Even in
Cnira (7,000,000 digesters in 1974) and Inaia (*9,825 plants in 1980)
éEllegérd), the failure rate of the plants built has been fairly high

up to 50% in China - Tam; 30% in India - Moulik).

Most of tnese extension programmes have been started by government
agencies. The Indian programme, for example, is organised mainly by tne
Khudi and Village Industries Commissiou, a central govevnment funded
organisation set up to encourage rural development in India. Some of
the state governments also nave their own proprammes, such as PRAD in
Incknow in Uttah Pradesh.

The Chinese experience nas been slightly different, partly because of
tne way in which govermment is organised. The cnmnune system is very
invnolved in every aspect of people's lives, including gfovernment, so

the idea of biogas technulogy was able to spread rapidly and people

were avble to obtain information ind nelp easily. Although the collective
system has facilitated the fast growth cf biogas technclogy in China,

the main driving force has been a new freedom for families to own things
privately, including biogas plants and pigs (Trery).

In Nepal, the national biogas programme was launched by the Department
of Agriculture of His Majesty's Government of Nepal (HMG/N) in 1975,
The responsibility for continuing this programme lies with a private
limited company, the Gobar Gas tatha Krisni Yantra Bikash (Pvt) Ltd.,
(the Gobar Gas Company). This company was set up by the Agricultural
Development Bank of Nepal (ADB/N), the Fuel Corporation of Nepal and
the United MMission to Nepal (UMN) in 1977. The organisation of the
company was based on 2.1 extension programme started by DCS as part of
the national effort (Fulfoxd).

Organisation of Biogas Extension

Any extension programme has several componenta, all of which must be
working effectively for the programme to succeed. The technology uaed
in the extension programme must be well tested and proved before it is
made available to large numbers of people. The technology must be sold
to customers, who have to be convinced of its value and of their need
to purchase it. A sales campaign should be linked to good puplicity for
the technology, via popular newspapers and radio, It is more difficult
to persuade custouers to purchase a technolo:y of which they have never
heard,

Few people in a developing country such as Nepal nave capital available
to buy a technology as expensive as hiogas. Finance must be available

to give customers loans to pay for their plants. An organisation is

then required to recover loan repayments and interest from the customers;
a Jjob best done by a bank,

The technology must then be installed in the places where it is to be
used. Staff must be trained in installation and also how to teach the
customers to use the equipment and how to do simple routine maintenance.
An essential feature of the programme in Nepal has been follow-up:
regular vislts to customere who have purchased biogas plants, to check
on problems and to put them righti.

A major component, which is sometimes neglected, is that of planning

and management, Staff must be hired and trained, and money must be
available to pay them, before it can be earned from work under the
programme., Supp{ies must be purchased, stored and transported to the QCL
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different zites wanere ningas plants are being built, Close links need

to be set .p vetween tre sales staff and customers and the loan officers
and construction gstaff, 1o insure that the customer gets what ne pays
for, and pays for what ne gets, in good time. Ye~rly plans must be
realistic, taking into consideration prtential markets, installation
Capaucity, material supplies and bottle necks, transport problems etc.,
28 well as the past year's achievements, Extension programmes often

grouw more slowly than planners forecast,

These various components have different demands. Good, well proven
technology requires research and development, which is expensive and

besi organised and financed bty national research or academic institutions
or by international aid agencivs. Research and development workers need
good access to the work of field staff. Good puplicity also requires
national or central direction and crzanisation. Journalists and sales
staff are better at publicity thnan researchers.

Loan finance is pest provided by a national or regional bank, as it is
specialised work and requ:ces a good supply of funds, very good admin-
istrati:on and a high degree of confidence, both from the local people
and tne government, If subsidies are to be given to cover part of the
cost of biogas plants, as in some countries, they should be administerea
by government, although the banks can act as agents,

The work of selling to customers and of constructing biogas plants should
be organised at a local level. Each arca of a countiy has its own
peculiarities and problems, that are best understood by the people of
that area. This is especially true of techn .logies, such as vioges, that
relate to rural areas, which are far more diverse than urban ones. -
If the construction programne is organisea centrally, many different
local offices are required, which is expengive %o administer. If several
different sales and constraction teams are set up, which can act
independently, but relate to the centre via a licencing system that
énsures quality control, the administrative overheeds can be reduced.

rollew-up snould be organised centrally, especially as it should relate
L0 tne work of researcn and development, i1t is best done, though, by
people wno know a local area, such as by the construction or sales
teams. These people may be relnctant to report failures caused by their
own bad workmanship.

Trhus the organisation of a biogas extension programme is very complex
and may involve several very different types of organisation, such as:

a university, a publicity agency, a vank, several small construction
firms and & zovernment department, The work of such diverse groups needs
to be coordinated and monitored.

Planning an Extension Programme

Careful planning is an egsential ‘erature of any successful programme.
Tne senior management and technical staff, who are to be responsibple
for running the programme, should be hired and trained before detailed
plans are made. They should be involved in planning the programme they
are to administer,

Ine aims of tne programme must be stated clearly, in terms of measurable
quantities: eg. the number of biogas plants built each year, the number
of construction workers trained to what level. The assumptions behind
these aims must also be clearly stated: eg. "Biogas ie an acceptable
source of fuel to rural people", and in a way that can be easily tested
during the programme, All developnent programmes are baged on a series
of assumptions about thne environment and about the feelings and
attitudes of the people who are to be helped. If these assumptions are
incorrect, tne success of the programm? is at risgk.
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Each component of the prograsme: tecnnology, finance, publicity,
manaiement, follow-up eftc, needs to be carefully plaraed, votih as a
separate feature, by people experienced 1 "nesge areag, and in relatiown
to eacn other, Managers, tecnilelauns, [rau.c.ers wid puvlicity agents
need regular coordinating planuing wmeetiugs w6 ensure all the different '
sets of plans fit together well., l'he form ol' management structures,
especially the clear demarkation of responsiovilitier for decision
making, need to oe decided early in the plauning process, 3¢ that each
meinber of staff knows exactly what they are to do and how to do it,

Plans need to be practical, The early parv of tne programme snould include
feasibility studies, market surveys and economic analyses, based on data
from the areas where bicgas plants are to te sold, to ensure tne programme
is vealistically designed. A pilot programne, ouildine. a small numder

CT tiogas plants in a limited area, is a valuable way to give ins.gnt

into possible problems for tne ruture, It alao provides training for

gtarf and the testing >f manapement slructures and technical approacaes,

Plans need to ve fliexible and constantly reviewed, Repgular evaluation

is an essential part of the programme, so that achievemerts can be

tested against targets and reasons for poor performance can ue identiricd
and corrected. If some previously unidentified circumstance arises

(eg. a change in political emphasis), the plans need to be chanced
quickly enough to allow for it, so the running of tne programme is not
adversely affected,

The planning process snould not ve rushed and it neads to be adequately
funded. Adequate spending of time and money at an early stage may save
migtakes that could ve very expensive in terms of both time and money
later o.u, Initial budgets should be fairly large. It is far easier to
obtain grant money at the beginning of a new programme than at a later
stage, especially if money is required to put right mistakes. Grant
money must De available for administrative and runnings costs. Staff
must bDe paid while -hey are peing trained and making plans, before they
czn earn money for the programme from the work they are doing.

Construction Programme

The initial priority in a biogas extension programme is good, proven
technology. Much of this book is devoted to technical designs for this
reason, Designs of equipment that are to be built for customers must

not only work at the test-site level, hut also be well proven in the
field. Therefore, in setting up the technical component of the programme
regearch and development staff must plan how they are to field test all
the equipment that they are to use, once the prototype designs have been

developed.

A second priority is the training of construction staff, who can only
learn how to build diogas plants vy actually doing the job themselves,
with guidance from trained staff,

These requirements suggest tnat a pilou programme is an effective way

to start, A limited number of biogas plants (10 to 30) can be built

for customers in a defined geographical area and these plants can be
uged to train construction workers and to test the technology. While
customers must pay the market price for the plant that they receive
(calculated on the basis of a full scale programme), adeguate guarantees
and compensation mus* be available in case of failures due to inadequate
technical decign or lack of skills in the builders, The early customers
will tend to be the more go-ahsad people, who would have a better
understanding of the problems involved. They should be willing to accept
failures, as long as they themselves do not lose out because cf them,

If a pilot plant fails, it must be repaired, or repilaced by a new one,
paid for by the programme. As a last resort, the price paid for the nlant
may be refunded to the customer, with an extra fee, to compensate for

the trouble caused. N\
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The budget for this pilot programne should ‘hus include a 1C0% guarantee
fund for each plant built under it., Also pruvision should be made for
regular visits (eg. 4 visits in the first year after the plant ig built)
by research and development staff, to discover any design or constructiop
faults that need to be put rignt. This pilot programme will be relatively
expengive and cannot earn a profit, It will give a good indication of

the real costs of builaing biogas plants and provide a basis for

economic analyses and pricing for the on-going programme,

As staff skills develop and as the technology becomes reliablie, the
pilot programme will merge into an on-going extension programme,
centred about the pilot area. The guarantee fund will provide the basis
for an on-going fund which can be used tc repair plant failures. &
proportion (5 to 8%) of the price or eacn plant should be set aside in
this fund as an insurance against faults caused Ly bad workmanaship or
errors by the construction staff. If the guarantee period is made the
saue length of time as the loan period, the bank providing finance can
be sure of getting the repayments from happy customers.

Organisation and Staffing

The construction programme ic best organised or a local level. As the
extension programme moves into a new geograpnical area, staff should be
recruited Irom that area. They can be trained by working alongside
experienced staff in an area that already has an established programme,
While the moverent of staff from an established area into a new one
allows flexibility ia the programme organisation, it can breed dis-
satisfaction in the staff. This approach can be costly if relocation

and compensation payments must be made to these staff to keep them happy.

Each area (selling perhaps 50 to 100 plants a year) should be responsible
for its own management and budgeting. Once a programme is egtablished

in an area (within 4 years), it should become self-financing: salaries
of staff and other overhead costs coming from tne sales of viogas plants.
This commercial approach to bisgas plant construction should lead to
greater efficiency and lower costs, as staff recognise that their
earnings depend on their own efforts (Fulford). As it takes time %o set
up a commercial concern, each area team must be provided with enough
working capital to set up their programme and run it for 3 to 4 years
until they make a profit. These area teams can be registered as private
limited companies, with either cooperative or individual entrepreneur
ownership,

Each biogas plant takes 1 to 2 weeks to ouild, therefore construction
svaff must spend much of their time in the field., Field allowances must
be paid to these staff as compensation for living away from home, even
though the customer will often provide food and lodging free to them,
Good training and planning are essential to <{eep tnhese costs low, as
they can rise very rapidly if tne work is done slowly, or if frequent
visits have to be made to remote sites to bring materials that might
have been forgotten, Construction staff should pe trained in customer
relations and in sales technigues as tney spend mucn of their time
among customers and their neighbours, who are also potential customers.

Quality control is an essential part of the exteusion programme,
Different systems can be devised: eg. the construction workers ca be
paid a bonus for each plant they have built, if it is still working well
after 9 months or a year. Each plant should be inspected before it is
filled with slurry. Inspections can be done either by a senior member of
the congtruction team, or by sales or follow~up staff. The best advert=-
isement for biogas technology to potential customers is an effective
working plant nearby and a happy owner explaining its merits.
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3ales and KFollow~up of Biogas Plants

While salesmen can be part of the vommercial area construction programues,
this approach increases overheads and makes a biogas plant expensive to
the customer. A better approach may pe 10 use agricultural extension
workers or specialist salesmen, paid from a central government or
international aid agency. The same applies to staff responsible for
follow-up, who could ve tne same staff as the salesmen, doing both jobs.
Some form of incentive scheme is required that encouvages sales and
follow-up staff to do their job properly. Tnis type of field work is
impossible tc supervise, so staff must be paid on proven resulis, 4
oonus can also ve paid to anyone who sells a biogas plant, sucn as a
construction worker or 2 loan officer at the ovank.

Bioras Zxtension in hepal

Ir Nepal, DCs nas discovered some of these principles by usiug tnewx

and proving that they worked. Utner principles have teen founs by trying

e opposite, which din not work. DC3 effectively gtarted witn a pilot
exiension programme vy vuilding 95 biogas plants within 50 krn. of Butwal.
This was done under a national programme organised by HMG/N in the
Mepali .cricultural Year of 2033 (1375/76). 35 plants were too many for
the first year of a programme, as technical faults did arise and funds
were ingufficient to put them rignt. The steel drums started to corrode
and DCS's first attempt to repaint them did not solve the problem.

About half of ~hese corroded drums have now ceen replaced, odut not all
of them, as funds have been difficult to odtain for this work.

The first i2 concrete dome plants and the first 6 tunnel plants built
for customers were provided with 100% guarantee funds, although most

of the disign faults proved to be minor and inexpensive (mairly leaking
gas taps).

another 100 bpiogas plants were supposed to have been Dduilt by the
Department of Agriculture, HMG/M, using agricultural extension workers
(Junior Technical Assistants) as supervisors. The JTAs were supposed

to sell plants to farmers, obtain supplies from central workshops, nire
local mason3 to build the plants and tc arrange loans from ADB/M,
Neither the JTAs or the mazsons received much training in the duilding
of bicgas plants. Many of the plants had technical problems and a
proportion failed (34% - Pyakuryal, Coburn). In some cases, the loans
had not been used to build biogas plants, but to build houses or for
other purposes.

After the igricultural Year, the DCS biogas extension programme was
formed into a private limited company, which started selling and
constructing biogas plants on a national scale in 1976 (2034). The
sudden expansion from an area programme tc =2 national one put great
strains on the new company, which was already under-financed. The Gobar
Gas Company nas had te pay for all the work of sales and follow-up

as well as covering all the overheads of a central coordinating office.
Only research and development and some publicity work was funded by an
outside grant through DCS.

The Company has steadily increased sales most years (Table 13.1), but
not as fast as planned. It has no. been able to make a profit. If the
cost of a central coordirating office and of extension agents/salesmen/
follow-up staff were to be covered in another way, such as by a
government or international aid agency, then the company's profitability
could be greatly improved.

The sudden expansior meant that staff from the Butwal area programme had
to be promoted and sent to take charge of other areas before they were

properly trained or had gained sufficient experience. Techniciana were
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Table 13,1 Biogas Plants Built in ¥ 4l

made managers with no management training ai all., As staff have gailneo
eéxperience and receivea some on-tne-job training, as time and work nave
permitted, this weakness is peing overcome, but only slowly.

Other problems faced by the Gobar Gas Company nave been linked with the
Supply of materials, especially cement and steel. Since there 1s often
a shortage of these supplies in India, a licencing and quota system na:
deen introduced for the export of them to LKepal. This means that care-
ful planning and management is required to ensure that the correct
quantities of materiale are available at the right time, Money is alsc
required to pay for these supplies, when they Decome available, sc

good cash flow management is essential,

Considering the lack of management training and experience jirn tne star'
of the Gobar Gas Company and also the high demands on management made

Dy the economic environment in llepal, the performance of the company har
not been bad,

The follow-up work of the company has been effective, Tne fzilure rate
of biogas plants in tepal by the Gobar Gas Company is estimated to be
only 5%. All of these failures are steel drum blogas plants, most buil*

in the igricultural Year by DCS, using low quality steel,

The future of biogas in Nepal looks better. HMG/N is taking a close
interest in the benefits that diogas technology can offer to the country
economy. The Departmenti of Agriculture has started offering subsidies ‘..
farmers, as they recormise that biogas plants can improve the fertilizer
value of cattle dung, especially if that dung is not being bdurnt as
fuel. 4s artificial fertilizer becomes more expensive and difficul* te
obtain, this aspect is gaining in importance.
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‘Chap.er 14. FURTHER IDEAS FOR BIOGAS IN NEPAL D, Fulford

No research and development programme is ever really complete; there
are alwaye new ideas and improvements to be tested. The programme
described in this book has been finished, as far as DCS ie concerned,
but the work ie still being continued under the Research Wing of the
Gobar Gas tatha Krishi Yantra Bikash (P) Ltd. While a full description
of their work and results would require another book, a brief review
of the directions of thzir research is given,

Alternative Feedstocks for Biogas Plants

A dependence on cattle dung alone as a feadstock for biogas plants
limits the gas available, especially for poorer farmers who may only
have one or two animals. Cattle dung is essentially partly digested,
ground up vegetable matter, ao experiments are continuing with the
use of raw vegetable matter as a feedstock for dome type »lants
(Devkota).

Peedstocks being tested include: water hyacinth, corn cobs, banana
leaves, rice straw and a weed called 'banmara’ zEupatorium specien),
which grows widely in Nepal, but which few animals will eat. Four
¢Di0 biogas plante arz being used as batch digesters for these tests:
loaded once every two or three months, Between 10 and 40% oI zlurry
from a working digester is added as a seed to supply the populations
of bacteria to start *he digestion process. '

The results look fairly hopeful, especially if the vegetable matter ig
mixed with cattle dung and the Carbon:Nitrogen ratic is kept beiwaen
20 and 30, Banmara, especially, has a high nitrogen content, for plant
material, so gives recasonable gas production, However, certain
practical problems make the use of vegetable matter difficult.

Large amounts of vegetable matter are difficult to compress into a
digester pit, especially if they are unprocessed. Total feedsiock
concentrations of only 20 to 50 kg/cu.m could be achieved (compared
with 70 to 130 kg/cu.m for cattle dung slurry)(Devkota). Hand
chopping of vegetable materials with a knife is a very slow and labor-
ious process and would not be accepted by local farmers. It is also
inefficient, as it is difficult to reduce all the pieces to a size
below 10 mm long (Chapter 10).

A machine is required to chop vegetable matter. A chaff cutter would
work for dry materials, but would not cut soft, wet matter, such as

water hyacinth or partially composted leaves. A device similar to a

large domestic meat mincer could be used.

If vegetable matter is fed continuously into a digester, it usually
forms a scum layer on the top of the slurry. Finely ground materials
tend to float to the surface of the slurry and stop the gas escaping.
Researchers at the Jyoti Solar Energy Institute in Gujurat, India,
suggest that vegetable matter should be fed to the top of a digester
(Lichtman). Oxygen in the plant cells makes fresh materials float to
the top anyway, but if it is fed lower down in the plant, it brings
partly digested material to the surface with it. The oxygen in the
fresh material should be consumed by the acid forming bacteria at the
surface of the slurry, so the vegetable matter can sink, but the
partially digested material remains at the surface as a scum. It may
also be that the introduction of oxygen-rich material into the methane
producing middle layers of the digester disrupts the activity of the
methanogenic bacteria., If fresh vegetable matter were intrcduced at
the surface of the slurry, a population of oxygen tolerant bacteria
should form in that place, which will consume the oxygen and allow
the material to sink.,
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Scum format:ion can also ve reduced Oy increasing toe visuuslty o0 tae
slurry. If the soaids content of the slurry is increased to around
130 kg/cv.m at 25°C, the mobility of scum and other vegetable matter
in the digester is reduced {Jewell), so it is less likely to float

to the surface, However, a thicker slurny is more difficult to mix
and to introduce into a biogas digester.

A design for an Archemedes screw type slurry pump/mixing machine is
shown in Pigure 14.1. A model of this pump has been made, but a full
size prototype has not yet been made or tested. If it worked, it

would offer a solution to all of %he above prodlems. It could be fitted
80 that the outiet ¢f the pump was just below the surface of the slurry
(Figure 14.2), thus introducing the thick, fresh, well mixed feed

into the correct region of t.e digester.

Use of Latrines with Biogas Planta

While the addicion of a latrine to a biogas plant is becoming more
acceptable to the more modern Nepali people, minor technical problems
have prevented their construction in scwe places, People do not want

to touch night soil, so it must be gravity fed into the plant, The

base of the mixing pit is at least 0.5 m above ground level, The bowl
of an Asian (squatting) type toilet must be placed below floor level,
80 the outlet ?if a 'U' trap is fitted) comes about 0.4 m below floor
level. Thus the floor of the latrine must be about 1 m above the ground
if the system is to work effectively, and slurry from the plant is not
to come into the latrine.

If the night soil is to be mixed (eg. in a mixing machine), before it
is fed into the biogas plant, the latrine may be 2 u above ground
level. The night soil plant in Tansen (Chapter 2) was sited on a slope
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Pigure 14,1 4 Suggested Design for an Archemedes Screw Slurry Pump.
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Pigure 14.2 Use of Slurry Pump to Introduce Feed into Biogas Plant.

80 it was below the latrines, so this was possible, In other sites,
it would be very difficult to site a latrine so high from the ground.
There have been several requests for cesspits to be adapted, so that
the biogas can be collected. If both the cesspits and the latrines
have been built, this would be impossible to do.

A further problem is that water used to flush the latrine can dilute

the slurry, If a syphon type flush system is used, the solids content
from the latrine may be only 2%. If urine is also included, the total
80lids may be reduced to 1% or less.

A possible solution is the use of a settling tank. If the wastes from
the latrine are left in a tank for 24 to 48 hours, the solid material
should sink to the bottox and form a sludge layer, The excess water
can be wagted through an overtflow in the tcp of the tank into a
poaking pit; a hole in the ground full of stones, which allows the
water to soak into the surrounding soil. An Archemedes screw slurry
pump can be usged to lift the solid sludge from the settling pit to a
point where it can be fed into the biogas digester. This hand operated
pump can also be used to mix the night soil, as it is pumped (Pigure
14,3). The pump would have to be made from a corrosion resistant
material, or coated with a strong paint, such as epoxy, as night soil
is very corrosive. High Density Polyethylene, which can be welded with
a hot air gun, could be used.

Extended Dome Biogas Plant

The growing popularity of community biogas plants has indicated a gap

in the range of designs that are being produced in Nepal. The largest
dome design is the CP20 plant, which produces between 3,5 and 5 cu,m gas
per day, depending on feed and temperature. The largest steel drum
plant, the SD500, produces between 8 and 12 cu.m of gas a day. The
disadvantages of the drum design, especially the difficulty of transport
for such a large drum to a remote area, suggest that a larger size of
displacement digester is required. A CP50 plant was designed, but the
digester pit would have to be so deep (4.8 m) that it would be very
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Pigure 14.3 Use of Settling Pit and Slurry Pump with a Latrine.

difficult to dig, especially if the spoil had to be removed through the
slurry outlet,

A better solution is the Extended Dome design (EP), which is a hybrid
between the dome and tunnel designs., The gas storage volume is made
a8 a partially cylindrical tunnel (4 m wide) closed by domed ends
(each effectively half a CP20 dome). While the roof could be made in
a2 way similar to that of the dome designs, by casting it over a mud
mould, the digging of a large chamber underneath the roof would be
laborious. If several plants are to be made to thisg design, a steel
form (Pigure 14.4) should be made, which allows the roof to be cast
after the digester pit is dug and lined with brick masonry (in a way
8imilar to that for the brick lined tunnel plant).

If the central tunnel section i3 made 4 m long (Pigure 14.5), the total
internal volume is about 54.6 cu.m (EPS0 plant). This tunnel section
can be made different lengths, by including more or fewer sections of
form, to give a range of sizes of biogas plant (up to EP95 or more).
Por these larger plants, the slurry reservoir has a large surface area.
The main area of the reservoir can be covered by another length of
tunnel, reducing the amount of steel reinforcing rod required,

Construction Details for the Extended Dome Design

The principles of construction follow the same lines as for the dome
design (see Chapter 3). A suitably shaped hole (depth 920) is dug,

with the guidance of a template (Figure 14.6). The edges of the hole
should be lined with bricks (placed at 45 ), to act as a foundation for
the dome. If the ground is of questionable quality, this foundation
should be 1% bricks, or even 2 bricks, wide (Volume II, Chapter 7).

The @igester , pit is then dug and lined with bricks: put flat on the
floor and laid as a half brick wall at the sides, A row of full bricks
at the base of the walls, helps to spread the load on the floor and
another full row at the top acts as a ledge. The metal form is bolted
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Plany | L () 3 (1) 3 (n) ?0:a13 Ju e 3 uigesc5 Norklgg
Tvoe Vol m Yol m Vol m Yol m
EP20 0 0 2 320 22.944 5.439 17.50% 20,225

EP35 2 000 1 000 1 800 38.748 10.043 28,705 33.727
EP50 4 000 2 000 1 400 54.552 14.647 39.905 47.229
EP65 6 000 3 0N0 1 400 70.356 19.251 51,105 60,731
Ep8o 8 000 | 4 000 1 400 36,160 23.855 62.305 74.233
£EP35 10 000 5 000 1 100 101,964 28.459 | 73,505 87.735

Table 14,1 Dimensions of Different Zxtended Jome Degignsg

together in place on thisg ledge and the gag outlet pipe (Figure 14,6)
is put in place., The surface of the form ig coated with a paste of
mud and water, so the concrete does not aaikere to it,

The whole roof must be cast at one time, within one day, so enough
labourers, masons angd materials must be available and prepared to do
this. A small cement mixing machine would eage the job for larger
sized plants., The concrete (1:3:3 mix) should cure for at leasgt 7 days,
kept damp with sacking that is regularly wetted. The form can be
unbolted and removed, once the dome ig strong enough.

The inside of the dome is carefully cleaned of mud, dampened with
water and plastered with mixtures of cement, sand angd acrylic emulsion
in the same way as dome plants (8 mm of 1:2 with 2% paint + 3 mm oy
cement with 4% paint). If the bricks and outside 401l are likely to

be porous and leak slurry, the inside of the digester pit can also be
pPlastered (1:1:6 of cement, lime and sand),

The cover over the digester pit is madse in the same way as the
digester pit roof, except that the ingide need not be plastered. Por
these larger plants, a mixing machine should be used to mix the slurry.
A conventional mixing machine (see Chapter 5) or a larger version of
the Achemedes screw machine could be used,

Plant | Werk, ) Ret. 1:1 Mix } “1:% Mix
Type Vol3 Time |Dung [ Water Gas3 " {Dung | Water Ga35
m day kg . 1lit m kg lit m

EP20 20,2 | 18 130 130 4.02 170 90 5.36
EP35 33.7 17 220 220 6.78 290 150 9.03%
EPSO 47.2 79 300 300 9.31 400 200 12.41
EP65 60.7 76 400 400 12.29 530 270 16,38
EP8O 74.2 74 500 500 15.726 A0 330 20.35
EPS5 37.7 73 600 600 18. 2. 800 400 24,31

Table 14.2 Characteristics of Extended Dome Biogas Plants

Practical Experience with Extended Dome Plante
At the time of writing, one extended dome plant has been built, an
EP50 biogasg plant. The steel moulg gystem for the roof worked well,

too much difficulty. The inside surface of the roof proved to be ga
little too smoath for good plastering, so it wag scrubbed with a wire
brush and roughened with g chisel, to provide a key for the. plaster,

14.5
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Figure 14.5 Extended Dome Biogas Plant (EP50)
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Figure 14.6 Steel Template and Gas Outlet for Extended Dome Plants
This plant will be carefully followed-up, as will the other EP50 plants
that are now on order from the Gobar Gas Company. As the technology
involved in this design is an extension of a technology that isg kaown

to work well (that of the dome plants), the staff of the Gobar fas
Company do not expect any problems to occur in these plants.

Mix machine

1

Miterials EP20 Plant 2 m Tunnel EP50 _ EP95

(T) (EP20 + 2T) | (EP20 + 5T)
Bricks 3,000 1,100 5,200 8,500
Cement kg 950 (22) 700 (16) 2,35Q - (54) 4,450 (100)
Sand 1it 2,400 (70) 1,500 (44) 5,400 (156) 9,900 (285
Gravel 1it | 1,400 54-1) 1,200 (35) 3,800 1103 7,400 z12§
Steel rod 130 m (6mm) - 100 m (6mm 100 m (6mm
Gasg Qutlet 1 m - 1m 1 m
Inlet Pipe 2,7Tm - 2.7m 2.7m

1

Table 14.3 Material Quantities

14.8

for Extended Dome Plants.
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PREFACE .

For the past 30 years, the United Mission to Nepal has sought to meet
the basic needs of people in Nepal, related to the areas of medical,
educational and economic development. Its personnel have come from
Tany different lands with various qualirications and skills, workiug
«oward the enablement of people by offering opportunity and training.
There has been a mutual learning and sharing experience, resulting in
vrojects and programmes which emphasise service towards others and the
equitable sharing of benefits among the less advantaged and privileged.

“iogas is one area of the development and sharing of appropriate
technology which is geared to making renewable energy resources avail-
able to those who need them. For the past 7 years, the Development

ard Consulting Services of UMN, at Butwal, has assigned and supervised
the research and development of improved biogas plants and appliances,
striving to make this equipment more efficient, efifective and econom-
ical. Design work and production of biogas plants and appliances have
been closely monitored by DCS engineers and technicians in the
laberatory and workshops, as well as in the field. Testing of the
performance of installed biogas plants and related equipment has been
oriented to the customers on the farms of Nepal and it has been carefully
monitored to ensure not only gquality control, but also guality of
operation.

This book describes the concept, purposes, implementation, constant
revision, and implications of the whole process and its history.

Amply illustrated and informative, the book records the achievements
(and failures) of a dedicated task force which has persisted in a

quest for advancing a technology, despite limited facilities. They have
also gone beyond the mere mechanics and technicalities to address the
~conomic, social and management aspects of biogas technology in the
-ontext of Nepal as a culture and society seeking development goals,.

Fay I take the opportunity to commend the authors of this material
for so ably documenting the biogas gtory and for the untiring efforts
they have made, Commended also are the Tradesmen and Technicians of
Nepal, without whose help much would have not been accomplished. This
book is a testimonial to a joint venture of Nepali and Expatriate
Cooperation at DCS in Butwal.

Kathmandu Al Schlorholtz

January 1984 Economic Davelopment Secretary
United Mission to Nepal.
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Draving No.

(Hominal ges Producticn): 100cft 200cft 350l _500e£Lt,
Gos plent constructn -siraight type DR21/1 D228/0 D241/% D161/1
Gas plant constructn -taper type nn25/0 D220/0 D239/1 D169/1
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Concrete floor constructn - straight - - - D168/1
Concrcte floor constructa - taper type L124/1 M25/1 - D170/1
Water (condensate) removing device D329/2 D329/2 D332/2 D332/2

for gas pipes
Special Night, Soil Plant, 350cft
Gag planc construction - straight type Dz31/1
Gas halder menufacturing detsils D230/0
Niaht s0il plant site loyout 2000-142/3
Jixed Coucrote Dows Design LN\
(Digenter volume, m3): 10 15 20 50 _(not yet
Gas Plant D333/1 D334/1  L336/1 D335/1 testod)
Concrete dome constructn templates D338/2 cll some as 10m3
Agitator (slurry mixer) manufacturing
details, D337/2 D337/2 D337/2 -

Ext:nded concrate dome pas plant
Gas plant 2000-143/1
Stcol moulds 2200-144/1

Tunnel Degip

- A

P8 (’7.%“ Eas vlant construction, uesing bricks for walls D452/1

Goas outlet pipe, mrnufacturing details

Gas outlct pipe, simplified, menufacturing dotailc
Steel mould for curved roof pleces, manufacturing details:

Frame  2000-114/2 Dctails of frame 2000-115/2

Apvliances and icgcgsories ..

Hend toel fer mixing clurry

Slurry micing aachinc construetion

Slurry mixing machine monulancus iz details

Gas burncr, family size, 0.45 n? (16 eft) per hre:

menufacturing deteils
castings .
Gas burner, largc size, 0.90 nd, plus 0.45 n3

Drein cock For condeitsate removal - gaivanized iron pi

N

- cast iron typs (4"

Main gas valve (")

Gas tap for comnecting rubber pipe to barner (3")

Gas pressurc indicating guege 0-1300mm (0 to 51 inches)

Gas lamp: assembly
manufacturing deteils
ceramic vontury

Gas metor, acrylic plastic: rotor

meter box and counter

counter dotail

437/3
2000-119/2

D121/2 and

Base plate 2000-116/2

D354/3
D229/2
D166/2

D221/1
D222/2

2000-111/1

(")

D453/3
D/459/3

2000-108/3
2000-~107/3

D33/

2000-113/2
2000-~112/1
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2000-128/4,
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Chapter 1, THE DEVELOPMENT OF B10GAS TECHNOLOGY D, il ford

Biogas technology has not had a smooth history. While the idea of
producing a fuel gas from cattle dung and vegetable wasties hag Leen
<nown 3ince the end of the last century, it was reparded ‘ore as a
gcientific curiogity vnar of any use. The exception has been during
times of war in Europe, when energy fr-m other sources was limited,
Otherwise, supplies of o0il and electricity were creap and plentiful,
especially in the West, so further work orn the development of bilogas
was ccnsidered irrelevant, The few small bioyas programmes that did
start in Europe, in France, West Germany and Italy, ir resgponse to
energy problems during and after the Second World War, quickly faded
away (van Brakel).

{1, the 19508 and 19c0s, as part of a growing concern ror tne environmeny
an1 for conservation on the part of a few enthusiasts wno were
nuestioning the fast growth philosophy of the Western nations, viogas
afain found a place. It became almust a symbol of the new "zero pgrowth"
approach to life, as a non-polluting, renewable energv resource, that
could free men from their dependence on centralised energy, and its
control on people's lives (NAI).

Unfortunately, the entnusiasm of these conservationists for blogas was
based on tne work of very few practical pioneers, who happened to
publicice vheir results., L.J. Pry had built a plant is South Africa,
tnat used the Jung from 1,000 pigs to produce gzas to run a 13 HP adapted
diesel engine {Fry). Harold Bates, in Britain, used gas from chicken
manure to run his car (Bell). The view of biogas was romantic and
idealistic, but somewhat impractical.

Cne place wnere biogas technology remained a serious interest was at
tne Indian Agricultural Research Institute at Del.i (Idnani). Research
and developnent work was inspired by a new sewage trealment plant near
Bombay, in 1937. The wcrk at IARI inspired Jasntai Patel,,as well as
others, to design full-scale biogas plants that could be used by farmers,
Unfortunately, even this work had its weaknesses: both the early I1ARI,
"Delhi", and Patel, "Gramlaxmi", designs used a counterbalanced gas
drum, which was supposed to increase pgas production by keeping the gas
under nervative pressure., This system jammed easily and was potentially
dangerous, as air could enter the gas nolder and cause an explosive
mixture (Singh).

'ne 0il price r:ses of the early 19703 made the rest of the world begin
to take tne ideas of the conservationists more seriously, including the
use of biogas technology. Unfortunately, they discovered that this "ideal"
energy resource suffered from many provlems (Pyle). Biogas enthusiagts
had not considered the technical and other difficulties in setting up

an unfamiliar technology. Early attempts to populariase biogas technology,
either through small ccommercial concerns in the Western world, or through
levelopment programmes in the less developed countries, proved less
successful than expected. The result of over-selling an idea that does
not live up to expectation is digillusionment. Governmeni planners and
#%1 administrators became rather suspicious of biogas technology and

were less willing to give it strong support, Even in India, where the
biogas programme nas usually had good support, there was a period irn

the late 1360s and early 19703, when the programme had reduc¢ed priority
and emphasis. Only in China has the early fsilures, apparantly, not
stopped its enthusiastic adoption by large numbers of people (Thery).
Thig may be c¢hanging (Tam).

Despite these initial set-backs, several groups nave been prepared to
face up tec the practical problems of getting this appropriate
technology from the atage of being a "pood idea" to one in wnich 1t

i
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has the potential to help people in develcping countries. There is an
increasing growth in the number of research programmes on biogas
technology in different parts of the world, both in developed and
developing nations (Bente, ECDC, UNESCO)., In India, the programmes in
the Knadi and village Industries Commission, Bombay (Fatankar) and in
the Planning, Research and Action Division (PRAD), in Lucknow and
Ajitmal (Lichtman), have been given a new impetus by the Indian
government, and new programmes have started elsewhere (Reddy,TATA).
Elaewhere in Asia, Taiwan has a research programme (Chung PoSr as does
Korea, Japan (Subramanian) and the Philippines (Maramba). The Environ~
mental Sanitation Information Centre of the Aisian Institute of
Technology in Thailand has a keen interest (T~a). The United States
gevernment has sponsored several research programmes (Jantzen) and
efforts are increasing in Britain (Meynell , Germany ( BORDA) and
otner developed countries.

Biogas is now being recognised for what it is: a useful new techneolory
that is still under development, not a magical solution to the enersy
proolems of the world. As this development work progresses, and new
discoveries and inventions are made, biogas will have a small, vut
EFrowing impact on world energy resources, especially in rural areas of
developing countries that are not easily served by centralised power
Supplies, such as electricity.

11 Challenges of Biogas Technology

Tne problems tnat faced the early attempts to popularise biogas were not
so much difficult, as unexpected and complex. Biogas, as a subject of
academic study, is very difficult to define clearly, as it includes
many different specialist subject areas. It is almost impossible to
limit the study of the problems of blogas systems to any one of these
areas.,

ne process by which biogas is made is microbiological .g it uses
meéthanogenic vacteria. The biochemistry of anaerobic fermentation 1s
very complex and the details are far from fully understood (Zeikus,
#0lfe, Mah). Tne practical problem of making cheap, but effective bioras
plants is cue of civil and mechanical engineering. A container must
ve constructed to hold the slurry of bacteria and feedstocks, and a
system devised for catching and storing the biogas, as it is given off,
Snce biogas is produced, suiizble, cheap gas appliances must be desirrned
0 use it.

The economics of biogas technology is very important; people will not
use a new technology, however good, if it costs more than the altern-
atives. It also nas sociological implications: biogas is calied "gobar®
gas in Nepal and India as "gobar" is the word for cattle dung. The cow
is a holy animal to the Hindu, so gobar is an acceptable source for
cooking fuel. Pig dung and human faeces are not acceptable feedstocks
for a biogas plant for many Hindus, althcugh the gases produced from
them are the same,

Since biogas plants use animal durng and agricultural residues as feed-
stocks, and produce a fertilizer as well as a fuel gas, 1t may belong
properly, to the subject of agriculture. The main users of the technol-
Ogy are farmers. The use of the effluent of a biogas plant brings 1in
the subjects of soil science and horticulture. In China, where compost-
ing of all agricultural residues, including human faeces (night soil),
is held in high esteem (FAO, van Buren), the use of biogas plants for
producing good compost is more important than the fuel gas produced.

The organisation of a biogas programme, both for research and development
and extension, has proved difficult (see Volume I, Chapter 13). In
India and Cnina, 1 r example, large numbers of biogas plants have been

1.2
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built, but the failure rate has been high, Over 90,000 biogas plants
have been built in India (Ellegdrd). There were reports of about 30%
failure rate in a survey conducted in Gujurat state in 1975 (Moulik).
Phe preoolems of organising larger scale community and institutional
plants seem to Le even greater. The above gtudy showed that only 6

el of 25 institutional plants, built for groups such an asnrams,

were working, a railure rate of 7o%. A major reason for failure quoted
~#as a lack of interest by thc concerned neads of the institutions,

A mucn publicised community plant built by PRAD (with money from UNICEPR)
(PRAD) nas run into problems of organisation (Roy), and the people
have stopped using it.

“nen an organisation: a government department or an aid agency, plan to
start a biogas programme, they are faced with a set of closely related
problems that demand a very wide range of skills and experience to deal
~ith them. A biogas team cannot employ experts to cover all the fields,
30 those involved in biogas technolcgy must be "generalists", with
skills in various fields.,

1.2 Economic Challenges

ine economics of biogas is an area which has received much attention
(Pang, Barnett, Prasad, Makhijani etc.)., While the running costs of

1 biogas plant are low, tne capital costs per unit of energy produced
is fairly high. This is a factor common to most alternative energy
‘ecnnologies, because the energy density in biomass, or wind or sun-
light, is much lower than for coal, oil, nuclear energy or even hydro-
power, The physical dimensions of a plant to extract that energy must
be larger per unit of energy produced. Conventional energy plants also
rely on economies of scale to extract large amounts of energy in large
centralised units, Alternative energy technologies tend to oe diffuse;
plants are very emzll and scattered, and this also increases the
capital cost per unit of power produced.

Example 1.1

approximately C.33 litres of oil is used to produce 1 kW.hr of electric-
ity, either in a diesel generator or in an oil-fired power station. “he
Same energy requires 667 litres of biogas, from 60 kg of cattle dung

or 120 litres of slurry (mived with waters. The bicmass occupies 360
times the volume 0f 0i1 for the same potential energy.

The cost of an oil-fired power station is roughly $1,J00 per kiloWett
(1982 prices), 7.r medium scale units {around 9 MW). The capital cost
of a similar si.c of hydropower station is about the same.

A biogas unit, producing 2 cu.m of gas a day costsaround $700 {in 1982),
If this amount of biogas were used to drive a biogas fuelled generator
set, it would produce 3 kW.hr per day. This gives a capital cost of
§5,600 per kW, almost 3 times higher.

The adove example does not include the cost of distributing the power
from central power stations tc rural areas. 4 biogas plant can be built
Irn a rural village, where the energy is needed. If the costs of povwer
transmission to rural areas is included, the capital ecomonics of

logas look much better (Prasad). In a study in Soutn India {Makhijaui),
it is sugpested that a biogas fuelled generator set could give electic-
ity to villagers at 6 to 3 cente (US) per kW.hr, while electricity from

a central coal-fired or diesel generating plant would cost 8 to 13 cents,
at 197% prices. Government subgidies, for both electricity and biopgas,
tend to upset this type of analysis,



1.3 Technical Challenpges

Economics puts a severe constraint on technology. It is relatively
eagy to make a biogas plani .hat will produce biogas and fertilizer;
there are many designs available. The more difficult task is to make
+ de3lsn of oiogas plant that is poth effective and cheav enouph for
pitential users to afford., It may be possitle to make one or two low
cost plants, 0y using gcrap materials, but the technology used in a
naticnal biogas programme must de reproduced for thousands of plants,
and must be made by workmen with suitable training.

nl the present time, it seems easier to make a complex technical unit
than a simple one. Specialised materials, devices and control aystems,
including microprucessors, are available that allow units to te designed
L0 do almost anything. Information on these new ideas is pecomlng more
easily available. Most birogas units designed in the developed world,
?specially US4, Burcpe and Japan, tend to reflect thig sompley npnroacn,
witn the addition of slurry pumps, temperature control sysiems and the
use of specialised wmuterials, especially plastics. While some of uhecw
‘esigns are for researcn plants, w. :re different parameiers need o e
sutomatically menitered, this whole design philosophy is inappropricte
for rural areas of the developing world. Simplicity, iow cost and tne
use of 1ocally availacle materials are tne priorities.

‘eszirn Ol appropriate technologies for rural farmers in a Jdevelopiny
couniry demands a lack o6 sophistication. An appropricte technival unie
n Lo & made from a limited selection of materialg, which are ~lac .f
variatle quality and difficult to fit to defined specifications, It
vecomes difficui. for designers and engineers to rely on design Jdata
and principles lealned in a developed country. It i3 necessary to go
back to vasic scientific and engineerinyg principles and start again.

It can ve argued +hat simple, appropriate technology demands more
krowledgeable and better skilled scientists and engineers than the

more gsophisticated, but routine, technology of the developed world.
sppropriate technologists not only need a wide kncwledge, they alen
need 2 rpood understanding of the basics of their subjects.

U

1.4 Organisational Challenges

[ne acvocates of appropriate technology tLend o be engineers, so the
tecnnical side is often emphasised to the naglect of other areas,
especizlly tnose of organisation and management. In the enthusiasm to
develop a technology, such as tiogas, and prove that it does work for
local pecple, the management of a programme can be left to chance. In
tne words of a management consultant, who once visited DCS, the result

can be a "crisis management situation™,

In tnis approach to management, decisions are made only when they have

‘o be, such as when problems occur. Since these problem solving decisions
are not well planned, they can give rise to further problems, vhich
require further decisions. These later decisions tend to partially
conflict with the earlier ones, as they are made to overcome the problems
resulting from these early decisions. The result ie a series of 'crisea'
‘hat become more difficult and frequent as the programme gets bipger

ana more complex. The neglect of weil planned management in the early
stages of a biogas or other appropriate technology programme, can pive
rise to administrative problems later on in the programme.

s well organised, well planned programme can work well, even if the
teclnology is inadequate. The fast expansion of the programme in Chini,
degpite poor technology, is an example of this (Thery). The early
Chinese viogas plant designs (van Buren) were poor and difficult Lo
.ake pas tight, but the highly organised commune system allowed the
programme to progress rapidly.

“\/
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Fer an effective programme, both the technology and the organisation
must be good. Ultimately, however, it ig the organisation and manage-
ment o7 a programme that determines i{ts long-term success. A bingas
programme, whether it involves only research and development, or
extengion as well, should be carefully planned in the early stages, as
thie prcgrammne is get up. The managers and lechnicians.who are to be
involved in the running of the programme snould be appointed and trained
early on in the planning proces:, so tney can do the detailed planning
of the programme. Technical an: ~xtengion staff should pe trained in
administiration, book-keeping anu personnel management, as well as in
the technical aspects of biogas, so they know how to run their various
sections of the programuz.

Unce a good or:runisation has been sel up and is running well, attention
~an be devonted to other aspects, such as the introduction of new
‘»zhnology or tne setting up of new areas of work. Bad organisation
eansg that administrative crises are always taking attention and energy
Away from other matters, so the progress of the prcgramme is slowed,

or even desiroyed.

t.s Marketing Challenges

A "Maporopriate tecunology" must be appropriate to the people who ure
toouse it, wnile 1 new tecnunclogy may seem impressive to the engineer
wno 1s developing it, tne attitudes of the people who buy il are far
more important, Many new technologies can be "sclutions looking for
prablens" '

B81ogas hus been publicised mainly as a domeatic fuel, especially for
cooking, out many pecple in a developing country see biogas as too
¢ipensive to be suitable for this purpose. The fuels that biogas replaces,
such as wood, agricultural residues and dried cow dung, have a very

low lirect wash cost to the user, even though the long-term "cost" may

be very high, in terms of deforestation and reduced crop production.

If a local farmer naes biogas in place of these ‘fuels, he cannot save

tne money, in casn, required to pay for the biogas vlant.

ne use of tnese traditional fuels has n nigh, lonpg-term cost to the
nation, =s deforestation leads to soil-erosion and flooding in the
mongoon, and drougnt in the dry season. Vegetable matter and dung, that
snhould ue returned to the scil to uphold fertility is being burnt
(UNESCO). This national effect has been recogrised by the Indian

Eoverrment for --ny years, in ierms of 25% or even 50%, subsidies for
biogas technol-. . His Majesty's Government of Nepal is also recognising
the problem, 2 1s giving subsidies for biogas as part of a programme
to increase fto »roduction, ’

An alternative zpproach to the extension of biogas is to emphasise its
relevance for economic development in rural areas. Biogas offers a
supply of energy to rural areas that cannot hope to have energy from
centralised supplies. Gas can be used to run engines which can be used
for income earning activities, such as cottage industries and irrigation
pumping. If this approach is adopted, farmers can earn income, as cash,
from their viogis plants, which can be used to pay for the capital ccst
of the tioras plant and other equipment. This approach has been shown

to work . practise (Volume I, Chapter 11 and Volume 1I, Chapter 9),
even wne: some of the gas is being used for cooking,

The difficulty of this semi-commercial use of bicgas is thai a large
size plant is needed, which requires the durg of many animals, or a
large quantity of agricultural residues to run it, The majority of amall
farmers in developing countries do not have enough animals, or have
access Lo enough suitable feedstocks, to set up sucn a plant on their

own., The smalleat size of dual-fuel enFine that is commercially
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Community biogas can work, but only if it can be organised in a way
that enables the village people themselves to bec positive that they
will gain from having and using it%.

1.7 Gommercial Biogas

Che use of biogas as a fuel, within a commercial operation, is not new.
Kany sewage processing plants collect the gas given off by digestion
and uge it to run stationary engines and to run vehicles (van Brakel).
Tnis approach has been extended in China where wastes, collected from
clties and the gurrounding countryside, are digested in cer “ral
digesters and used to run electricity generating units (Chen, UNIDO)

Cver 600 of these units have been set up (ITDG).

“other approach is to use wastes from processing industries, that can
te digested to biogas to fuel the operation of that industry. This is
ving done in China; for example brewery wastes are bei:, digested to
"nem biogas to fuel the brewery (PAO). Research is continuing in Japan,
US4 and India to find ways in which wastes from paper mills, food
procegsing units and other such industries can be used to svpply energy
tiistead of causing pollution (Ashare, TATA),

Integrated Tarming systems, that use biogas as an essential part or
their operation are a fairly new idea, although Maya farms in the
Pnilippines have been doing this for years (Maramba). In this systenm,
1 herd of animals, eg, pigs or cattle, is the basis for the commercial
operation, while biogas, made from their dung, is used to supply the
energy needs of the operation. The effluent from the biogas plant can
te uged to feed fish and ducks in ponds; as well as algae, which can
te harvested as animal feed. The water from the ponds, containing the
remaining effluent, as well as the waste from ihe fish and ducks, is
zllowed to overflow, to irrigate and fertilize vegetable plots and
¢rops for animal feed. The principle behind an integrated farming system
is to make the "waste" from one activity, the input to another (Xinbu,
Yang, Soong),

On the more general level, biogas may be incorporated into the general
running of an agricultural system. Energy is required to process crops
and animal products: for threshing grain, dehusking rice, milling

flour, making milk into cheese, butter and ghee., Energy is also required
to pump irrigation water and to drive mobile machinery such as
tractors. Riogas may be used to partially or wholly replace diesel or
other fuels fnr these jobhs,

1.7 Blogas Development in Nepal

The way bicgas technology developed in Nepal, illustrates the multi-
d%sciplinary nature of the subject. Many of the above points were
discovered "on the way" and not even ccnsidered at the beginning.

The pioneer of biogas technology in Nepal was a Belgium, Father B.R.
Saubolle, S.J., who was a teacher in St. Xaviers School in Godavari,

at the edge of the Kathmandu valley. He built a demonstration plant in
about 1955, run with dung from a gsmall herd of cows owned by the scheol
(Saubolle), as well as a smaller plani in his own home, It proved an
attractiocn to many visitors, including local farmers, government officials
(many of whom had sons at the school) and aid administrators. Two plants
were built by people in Kathmandu, inspired by this example, and they

are still running today.

In 1968, the Khadi and Village Indu. ries Commigsion of India built a
plant for an exhibition in Kathmandu, and gave it to the Department of
Agriculture, HMG/N, so they could do experiments.

In 1974, the Energy Research and Development Forum, set up at Tribhuvan
: | Y,
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University to advise HMG/N planners on energy issues, recommended that
biogas be considered an alternative energy resource for Nepal (ERDG).
The Biogas Development Committee was set up. The Department of Agric-
ulture, with the cooperation of the Agricultural Development Bank of
Mepal (ADB/N), made a programme to build 250 tiogas plants during the
"Agricultural Year" of 1975/76 (HMG/N). The Nepali financial year goes
from mid-July to mid-July, while the calendar vear is from wmid-aApril.
"Fe sgricultural Year was tne Nepali financial year of 2031/32,

e Department of Agriculture arranged for several workshups to make
Liogas drums according to the KVIC design of biogas plant from India.
The extension agents (Junior Technical Assistants - JTAs) of the
department were to act as sales agents, persuading farmers to buy thege
“iogas plants, with a zero interest loan from ADH/N. The JPis 4lso had
“o rfind lccal vuilders to build the plants and ovtain the sieel JA5
irums from the manufacturers,

20 1974, the Development and Consulting Services of the United ission
tv Nepal built 4 biogas plants to the Indian KVIC design. They were
looking for new products that could be made in the Butwal Technical
irstitute's Mechanical Workshop (now formed into Butwal Engineerine
hor«s, Pvt, Ltd). A small demonstration plant, that was also made, was
borrowed to be shown at an exhibition held to celebrate the Goronation
of King Birendra in 1974.

suring the Agricultural Year, BTI and DCS were asked to be contraciors
“> make oioras drums and alsu to install biogns plants under the
cpartnent of Apriculture's programme. Other drums were made vy falajn
Yritra Snala in Kathmandu and the Agricultural Tools Factory in HBirrunj.

In the Arricultural Year, a total of 196 plants were built, according to
t7e records. DCS built 95 of these, and helped with the installation of
14 more. During 1376 a joint 2-yesr programme: "Studies of Eners-y leeds
in the Food System", was set up by the Department of Agriculture and
imerican Peace Corps, with funds from USAID, which included a strong
e€mnphasis on biogas (Karki). 4 Peace Corps Volunteers were involved,
mainly with the training of Nepali personnel in biogas and in tne
feilting up of community biogas plants (see Chapter 9).

In 13977, DCS and ADB/N agreed tc set up the Gobar Gas tatha Krisni Yantra
fikash (Pvt) Ltd. (2034), together with the Fuel Corporation of liepal.
Uriii had a policy of setting up private limited companies, an organisation-
2l model that would allow local veople to continue technical programmes

©1 a self-supporiing basis. Tne Company organisation wins based on ihe

JUS extension ;rogramme for ‘ie Liibini zone of Nepal, of which Butwal

was at the cenire, The Govar Sas Jompany set up Stb-Branch Offices and

sales and Serv.:e Centres in about J strategic places in Nepal, mainly
in the Terai (plains).

the first few years of the biogas provramme had shown up some technical
weaknesses in the Indian KVIC design ot biogas plant, so a Research

and Development Programme was set up under DCS to try to improve biogas
plant designs (sec Chapter 2).

at tne time of writing (December 1983), cver 1,300 biogas have been bhuilt
in iiepal, mainly by the Gobar Gas Company. The Company is continuing to
build pL4nts, at the rate of about 250 per year, although this number
snould bLe increasing, After a time of apparent disillusionment with
biogas technology, the Department of Agriculture isg offering subsidies
for some viogas plants, as part of a programme to increase crop
production in Nepal. They now see biogas digesters as important for
improving the effectiveness of natural fertilizers, such as cattle dung
and crop residues.

4s in other placea, biogas-technology praved to be much more difficult
Lo develop than expected, but it is now finding its place in hepal.
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Crapter 2 The Dundurentils of Biopas Process

2.1 The Biorus Microflora

ihorecent vuars trerecdous effort hoes been initiated in the
censtruetion of biopas systens in various developing countries,
poduver, disprorortionste attention has been piven to the ultra-structure
and constrection of plants while Lhe study of the internal process
is mueh peclectedy pectly beenuse the latter is less straightforward
aiad obacaesd Ly wnknown factors.  Lenetleless, o proper understanding
o prerdh D Geterser fons, nobritional requirements, bio-chemical
reacbions et Yinet cooof the precess i a prerequisite to the choice
of ewien vt opuerat lon parareters ey, retentlon time, sulrry solid

content) Yor enximising outjut. ¢

Hettane generation trom inseluble corplexes can be penerslised into

the folluwing stapes:

Anacroric tooestior wita rethene ceneration

Looclut oo e e ernpournds

(e.r. tigroeeYbndons, polysaccharides, curbohydrates, lipids, proteins)
5 ’ v ’ ’ F ’

RYDROLYSIS

Solub e Grreile compounas
ves g wlhige-nacetaraes, monosuccharides, short chain fatty acids, alcohol)

teg e

H

.

WiLh T it o o 4 ony and LEHJ
AC G L To

Volatile fatty acids

( Ceat, neat page)d



(mminly ucetic and propionic acids, with some formic and butyric acids)

\L acetic acicd
{ormic acid : GH3 COOH
1ICO0H METHANOGENESIS

v
Cop, Ho > Methane

anseroblc dipestion reduces the bulk of waste anc Sewuge by solubilising
the insoluble polymeric substances. The whole process can be visualised

as 4 relay:

1.  lydrolysis performed by the first team of bacteria 8.8+ Glostridium

thermocellun metabolises cellulose to glucose,

2. icid formstiom by bacteria from the same or anothsr pgroup eg.

3

Clostridium thermonceticum converts flucose to acetic acid,

3o And finally methape production from carbon dicxide and hydrogen.

Thean are three distinet stapes and each group of bacteris has its own
p!l prefesence: neutrual or sliphtly allmline for hydrolytic and
methunopenic bucteris, and acidic pH (k to 6.5) for acid formers.

a lermenting slurry develops its own buffer and it usually settles down
to a comjpromisine pli betwesn 6.5 and 7. In peat bog where the pll is

low (uround k), wethane cun still be detecsted,

Microbiul Interactions :

bethanogens thrive in mixed cultures but are difficult to isolate
into pure cultutes. This ray be dup to their strict ansercbic requirement,

and probubly to tldr need for microbisl interactions.
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Hydrulytlic and aciy bacteria can be facultative (live in the
preseuce or absence of uxygen) or an serobic (live in environment
withouwt, oxvimenj, whercas methanopens are obligate ansercbes which are
killed upon contact witi: oxypen., Aerohic and facultative organisms
both utilise wryren as terminal electron ucceptor, In the absence
of oxypen, the latter can also utilise nitrate or sulphate (in the
case of salphutc-red .cing bacteria), In a dipester, these bacteria
assist metbanoren by ezhausting oxygen from the environment. The
re{haunovens are at the 2nd of the relay and in return removs the acidic
end products by converting them to methane. The interrelationships among
these micruv-orpanism in the bioyus or uvcoloegicul systens are thus

ina (PSS FNY T

v ie wot coan pising that for the first few days after start-up,
the dipgesiver wooln have w nepgative presure inside., ierobes and
facultative organisem  {irst deplete the ‘oxygenyforming carbon dioxide
which s rop: tolul Lo than oxygen in the slurry, Thus the presure 1is
redqueed, s the mone 3low prowing metharogens thrive, they convert
the caroen Torite Lo methane, and us more insoluble curbon substrates
are reetiut . tined o ow olow process as well), more methane is found.

Grudtiai i, 1 positive presure 1s built up in the digester,

gipniicant inteructions were observed in the presence of coimplex
substratia: wien cusentially methunc, acctute, and carbon dioxide are
found as’the end products, ltut in the presence of simpler substrates,

frec hydrogen, carbon diox.de, acetic acid, and other end products such



as formude, succimtu, luctate, and elhanol are formed, indicating a

reduced role of mothunogen in the interaction. (Zeikus, 1977).

“Xperimnts huve been performed tn inhance methane production
with micrcuisl interactions. & rmixed culture of specific bacteria
and enzymes hus been claimed to decreasa the lag phase and hydrogen
sulphide content of the gas produced, with gas production rate and
msthane content (over 874) notubly hipher than other processes
(Cupber Industrics, Canada, personal communications), In China

(Lin, etal, 1981) hydrogen~producing bacteria of the families

Enterbacteriucen and Huclllacese have been isolated and studied,
Jhen they are inoculated with an enriched culture of methsne producing
bacteria, the m:itane content increased remarkably to 807 in 1 week,
wWhereus u control withuut the hydrogen bacteria had only 657 methana.
The COp also decreus:d to a level too low to be detected by gas

chromatopruphy,

tethunespenic Ructeria

epthunopens ara strict anaerobes (killed upon contact with oxygen),
non-spore formers$ and their hdbitat includes garden soll, 1lake
sediment, md awsmp, sewrge sludpe, ruminant feces, as well as
gastrointestinal tracts of animmls, Thermophiles have been obteincd
Trom thermml sprinrs in the Yellow Stone National Park in the United
Stutes, UGince methunogens are obligute ansercbes, indiscriminate exposure

of dipester slurry to air ecun seriously reduce tha methenogen population,
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From physiolopical anw nutritional point of view, methanogens
core from very «diverse origins, It appears that they are linked
toputter only Ly their comwon m:thane energy-generating mechanism,
a1l methanoprens can utlize hydrogen us the sola reducing apent in the
eneryy releacine step of methanogenesis znd in cellular synthesis;

Sure can wie formate und others ey, (lethanesarcina barkeri) methanol,

In the enerpy penerating process, oxidation of hydrogen is always coupled
with the reduction of carbon dioxide, the terminal electron acceptor,

to m:thune, «ll species can use carbon dioxide as the sole carbon
souree ror cellulur synthesis, Some cuan use carbon dioxide, while others

use inorpanic componnd for enerpy. VFor exumple, lethanosarcina barkeri

and sore lethanobacterium can use carbon monoride as energy substrate

by first convertineg it to carbon dicxide.

The intersenus C content is hiphly variable, and even within the

genus ivthanobuctzrinm, it vuries from 27.5% of M, arbophilicum to 527

of k. ttersoaitotrophicum,  They do not have cytochromes for electron

trursport., out wll contain Coenzyme M (2-mercaptoethare - sulphonic acid)
and & U'lecreseent plgnent Factor 420, fluorescense occuring when its
oxidised Virm in vxcited by nltraviolet pcays, Owing to their diversiiy,
wthanoyrers ure clasuified according to their ultrastructure into four

genuscs ( Yeikus und Dowen, 1975 ),
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2.2

Taxonomy of Mathanogens : I'amily: tethanobactereace

Genus ¥orphology Suwbstrate for energy
. and growth
tethanobacterium rod shaped, often curved i, €Dy, formte
tethunococcus cocci, in pairs, single, Hp, CO,, formate
or chains '
bathanosarcina irregular cell packets H2, €0, methanol,
acetate
Fethanospirillum curved, forming helical H,, C0,, formate
: 22 VT2
filaments

Nutrient requirements of methanopens

Carton, hydrogen, oxygen, nitrogen, sulphur, and phosphorus
(¢, H, 0, N, S, I') are basic elements essential.for the building up
of cells und metabolism. In methanogens, carbon serves the additional
purpose of bLeinp an electron acceptor (COQ -3 CHL,)- Nitrogen is a
constituent of protein, enzymes, and nucleic vacid, and is usuvally

lackine in lipgno-cellulosic miteriuls,

Lp until now,surveys on nutritiorul requirenents of methanogens
are limited to only u few species,und the role 'or vitamins for most
species in largely unknown. lor those studied, the effoct of vitamins
can be uil or stimulatory, required or nét required. Yeast extract
(1p/1), folic acid (0.2 mg/l), Vit B6 (0.09 mg/l), and Vit Bl2
(0.001 mg/l) were stimulatory when ucetate was wed as substrate for

methune peneration (barkin und Speece,1980),

26
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I2thunopens invariably use only amronium as a source of nitrogen,
und nitropen pus, amino zcid, and other nitrogeneus compound cuannot
take ity place. Amino acids can be stimulatory for some species like

Fetlanabucterium rwninuntium and fethanospirillum hunpatti, but not

for iettanobucturium thermoz wtotrophicwm which is autotrophic, If

wreu i sup;larenied in the feed, it has first to be broken down
by other microbes to ammonium before it can be utilised by the

e bty ,

Sulphur at 0.5Cmdi is estential for the degradation of ecelluloss
to pttane,  Julphide or cysteine can be utilised by some species

wherean | utlanosurina burkerl needs both, st 9 mti of sulphur, ail

inarpar ie selphur compounds except sulphate inhfbit both cellulose

déyradation ant methane formation. { Khan and Trotter, 1978 ),

It wus nuted in sore studies that etable methane generation was
not miintained on an acetic acid ~ mineral salt medium until solids~
free dipusted sludpe was adued, The sludge presumably provides some
undef'ir:: srowth factors for the msthanogens. Cold, 2-methylbutyrate,
and Yatt, acids live acetute are essential for rumen methanogens .,

(Zeixers ~tal, 1974),
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2.5 biochemicul Yeuction and Kinetics

In revhsne Tormation, carbon dioxide is reduced by hydrogen and

the reaction common to all methanogens is 3

us ¥ hll? ——— 2}!20 + Chk

In the course of fermentation of complex 3ubstrates, volatils
fatty acids such as acetic, propionic, butyric, and lesser amounts
of furmic, lactic and valeric acid are produced. The highter carbon
acids are initially broken down to acetic and propionic acids which
oecom: the precurso s of about 85¢ of the methane generated, In an
unbulinced process, these are also the acids that prevail  (Tappounni,
1979).  In scwuge sludge, 70 - 80% of methane arises from K, - C0p
and acetute, Interestingly, gaseous hydrocarbons such as ethans,
[ropane, imi butune are not produced, indicating that all metabolites

ure probubly coverted t¢ the same precursor of methans,

Yhe detiils of the mechunism for the reduction of carbon dioxide
to methune sLill resain to be elucidated. The discoveries of Coe:zyme
Hor CoM und FL20 did indeed shed some light on tho understanding of
the mechanism, They seem to be unique in methanogens. Tetrehyrofolate,
N12, und Col luve beun sugrested as candidates for mathyl group
trunsfer {Stunier etal, 1976)., However, the lavels of formyltetra-
hydrofolute synthetase and mathylene tet;'ahydrofolato dehydrogenese

were too low to be of sirnificance in the spocies studied (Stadmn, 1967).
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Vitawin G2 is obnigh o in sludge (about 3000 mep/kp dry sludge) and it
Aus ponituialid that 112 aets us methyl carrier for CoM for cells
<tuan on eetlanel, with WUl providing the energy. lore work is

meeded Lo contirm Lhis (Baylock, 1968},

Flheo Lioinvolved in hydrogen metubolism. “xtrese sensitivits
y

ofomelbanopeis te o cxvpen may be due to the oxidation of FL20. In

tethianabacte v.inat i, IFL20 facilitates the oxidution of

hydropen i foroate conpled with the reduction of HADP to MADPIi.
Yarker (1070 nvoposed s unifyving mechanism for the reduction of
setitaneaic sobotrate,  Instead of being reduced by H, directly,
trararme oot Looane of wore carriers and yeduced Lo methane with
mepeleril ion ol Lhe carrler.  later on, Col. was proposed us the

chureier,

oy . + 2H
i, 70 ———p ¥ CHOH -'-igl- CHO ¥ CHpOH
' - 12 + 28
Carricr
- H20
o - 120
Gl 3010 + zH ————)\\ v
Methanol —=% XCHy
- il
CE3 CLOL < A +2H
°F3 g - €O,
acetic ucld
v
XH + CHh
Carrier methang
regenerated

Leine Col uy the carrier, Gunsalus (etal, 1976) proposed the

nfined version wvhich is similur to above,

OH
. o1 i + 2H ! . .
CO» + 15 = oM =0 =€ =~ S = Coh -——— HC =5-CoM Hej o5 - CoB
p + b y - 1120 '
(II)Lmt"zB(') o "
+2H
l -Hz0
CHy~S-CoM
HS = CoM + (‘Hh
2.9 [OH resener&d’.ed
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Tharmophilic dipgestion enhances methans production rate aince

thermophiles have the fastest growth rutes. lethanobacterium

t.hermo:mt.c,t.rophicg_x_n has the shortest doublin::'-tim ( the time taken

for cell populution to double) of less than 3 hours at temperatures
atove 70% »rown in an inorganic ndneral salt medium, Isolated from
gewape sludpe, 3L grew well up to 80°C ( Zeikus and wolfe, 1972 ),

Houblire -t ime r'or Methunobecterium arbophilicum culture grown in

mineral sult medium supplemented with vitamins is 10 hours ; for

Fettanospirillun hunpati in a complex medium it i3 17 harrs, Under

opt imul custelne and sulphur concentrations, the generation time of

lethanosnceina burkeri 48 7 = 9 hours, at mesophilic tempsrature

(3E°C), the doubling=time for methuns fermentution of acetic acid

s 33.9 hours.  In high solid or dry batch fermentation of corn stover,
the rate Qs 1.75 and 3.5 times faster at 55°%C than at 35% and 25%
respectively,  The difference for wheat straw is not as dremtic
(Jowell etal, 1981), The usual retention time of 1 month for digestion
at mesophiiic temperatures can be reduced to 1 wewk at thermophilic

tempuratures,

Kinetic studies help to determine the rate limiting step in the

sequence

Hydrolysis, ucidopenesis, or rethanogenssis, The spacifie growth
rates, [mx, ard generation or dowbling time d, (d = 1n2/Jj ¥ax) for

vurious phuses and sybstrates were reported as follows:
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Talle 2,1 binctic Constunts for different stages in anuerobic digestion

N

Substrute Phuse P rmax, hr-l d,hr Temperature °
rlucose ucid 0.30 2.3 36.¢
sewage 5ludpe o acid 0,16 L.3 36.5
cellulose acid 0.07 9.8 35.0
acetic ucid methane Q.02 33.9 36.5
g]ucoue. h acid 0.33 - 30%, pib
' lucose 4 acid 0.51 - 7%

(Optimun mesouhilic)
ilucose acid 0.71 - 52°%

(Gpt imum

thermophilic)

# Uource = hosh und Klass, 1978

h onrce = loet meyer, etal, 1979

acid form:rs such as Streptocooci and Ducteriods are more fast growing
than methanosun. Thus for a bulanced process, acid formation should be

in step with ii: conversion to rethane by the slow growing methanogens,

In dipestion of simple carbohydrates . ch as pliucose, sewuge sludge,
and celluluse, melhune formution from velnt ile fatty acids is rate limiting

since the correspording specific prowth rutc is lowest, at 0,02 hr"l,

For highly lignocellulosic compounds which are resistant to degradation

by enzymss and limited in exposes surface, hydrolysis step can be limiting.
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liowevor, if' the methanogen population is scanty and lacks viability,

acid will accumilate and methune formation will be limiting instead.

comnetimes, thick slurry or scum formition at the surface can
prevent rapid releuse of gas from the slurry. Studies are needed

to cumpare the rute of release of gas to the rat2s of reaction.

Tvjes of biopus processes

A clcie anslopy can be druwn for fermentution in a biogas
dlrester and that in the rumen of a ruminunt, The gastrointestinal
truct of 4 true ruminant is a complicated affair, It comprises
the ruen-reticulum where feed is fermented, abomisum where
enzymic dipestive processes similar to that m monogastric teke
plac: , omusum where water und some nutrients are absorbed, and
the intestines. The rumen microflors i3 similar to the biogas
microtlorda, and ruminant feces should therefore contain the set

of microves required for methane generation,

Une notuble difference between digestion in & digester and
dipestion in & ruminunt is that the iiving animul can regurgitate
lony pieces of fibrous feed, chow them down to a prop:r size
for enzymic actions and reswallow them in ball-like boluses,

Jheredas fibrous substrate for 4 aipester has to be first ccmminuted
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artificially before feeding, 7Uhe rumen is stratified into three
luyers - the top hardpack layer of leng fibrous materials, the
interrediate layer with ruminated feed, and the fluid layer of finsr
particles, lerientution takes place in the intermediate and fluid
luyer. « biogas dipester, which lacks the discrimination und co-
ominated sctions of muscles 4n 4 ruminant, -would be in serious
trowble if it is stratified as in a rumen, This nevertheless can
occur if lony pieces of straw .are added as subgtrutes or the slurry

is too diluted.

AL the start-up of plunts, & lup phase is almost inevitabla when

the microf'loru attuinpts to estublish itself, In a batch process, in

which no material enters or

F-'A’,er Growth in A bateh procecs
leuves except for gaseous

1
products, the lag phase is
:E _ followed by 4 period of
e Wt ,
= ;Efi:’ : q:o::'?h?:‘i:e : qtﬂt;ﬁﬂ—e maximum growth (] = [max)
3 AN : called the exponential growth
& i : phase. Thereafter, the popglutio'n
: : \\ R declines as the death rute
4 Foa : 3 - time exceeds the pgrowth rate., The
gtaqel,, .lag period can be shortened if
L lag phase < Mrac the batch is inoculated with
A exponential growth phase , k= Meux
3, slaticnary phdge , B< Huax the proper microbial culture.

%, deatn phase
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Uther processes include the continuous stirped fapk resctor
(csTh) which is highly popular in fermsntation industries, and .E.I.E.‘.’
flow reactor in which mixing is restricted, In proctice, the
bioyus srsters encountered in laboratories and rescurch stations are
modified versions of these reactors. For the gas plants built in
Neypaly feed ing of substrate is semi-continuous, usually once a day,
und mizine is not uniform since agitating devices nay he absent

or not in use,

The application of fixed f'ilm reactor or anaerobic filter for

pethune pencrition has been a recent develojment. These reactors
dare basically vertical columns filled with nnvterials with large
surfuce areas Por the adherence of bucterial film, Chunks of glasu,
plastic, ¢lay, stune or even bamboo . ‘ngs have been tested as film
adburing materials. Clay pipes provide excellent surface for film
establisheent. 4luss pives the lowest rate and hi'ghest variability,
untd the 'ilm, once removed, waus difficult to re-establish (Von Den
Rerg and Tentz, 1979), Substrate is pumped in from the top of
downtlow reactors, or pumped up in upflow reactors which act partly
48 fluidized bed. The rute at which the bacteriul film is formed
on Lhe surfuce is varisble, depending on the nature of the support

material,

In one experimnt, dilute pig slurry (below 1 total s0lid) was
fed to an upflow reuctor filled with )imestone chippings, 9Om3 biogas
per day was produced from the 9.L6nr digester at a low rctention of 0,5

to b duya and tempurature JU-JSOC. Construction coust was low und

2.14%
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clogging wius not a4 problem us lony as the feed was low in solid content
(kewell, 1977, In ‘Thailund where banboo riﬁgs (1%3 inech dian:ter and

1 inch lung) were used, bacteria developed as a thick black slime on
vings and as 1"loes in Lhe interstices in upflow reactor, Fig dung

wus I'irst diluted and sereened through 2mm sieve before feeding.

After ten montiss of operation, there was no visval sigas of degrudation
in the rings andther erjected Yife 38 2 - 3 years. Une sipnificance

is that the low retention time (average S days) allows a smaller volumo
of dipester, hall the size of conventional onas, and construction cost

was 3R lower (Chuvadej, 1980).

In svmnary, the advantages of fixed il reactor are that apgitation
it not required, the rates of methune generation is high, and the
retention tim 16 low jermitting the construction of a smaller and

cheager mactor,

Ax lor gisadvantages, this precess is only applicable to low
solid wiste {less than 14), iipgher sclid waste requires dilution and
settlement o solide or sleving throuph ‘sereens., Unless this
procecure s projperly observ 4, the chence of clogging in the spaces
between the sopporting materiul is very high., A plant installed in

Chinit wa. clopped up after several months of operation (.S3ET, 1981),

Another reason for the requirement of liquid feed is that
diffusion of substrate to the biacterial film is more effective for
sul}lblc mutters thian solids., liygnocellulosic residues have low cell
soluble matter ( about 10 to 15% ) and deprudation proceeds more
rapidly it microbes are adhered on it, ‘tThe proxiwity decreascs the

time neeqwsd for diffusion of hydrolytic enzymes to the fibrous
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substrate und diffusion of products back to the micro-organism. The
low rutention time and udnerence of the microbes to supports in
fixed film reactor are therefore unsuitable for highly insoluble

lipnocellulosic naterinls,

the wie of fixed film reactors are also limited by the life
axpectuncy of the supporting nuterials and the
stability of the bactoriul film. Films are usually slow to

develop und difficult to reestublish after failure,

Mo ) huse aneerobic Dijestion

a8 methin veneration from conplex substrute is mediated by two
groups of bacteriu that huve their own envirommental preforences,
seperating Lhem in two phuses can optimise conditions for both
acidogenus iy and rethonopenesis. acid formers hsve a faster growith
rate  thun rethanogens und the retention tims neaded to mxim{se both
Stapes differ greatly, At 5% glucose the peneration time for
agcidificition und methanation are 3.6 hours and 36 hours respactively;
that of Cellulose hydrolysis is even hirher, at 1.7 days. & higher
flow rate to vatlsfy the ucld forrers can therefore result in

total wushout of the methanopens,

In 4 two phase system daily methane’ production per kg VS is
almost h times thut of a one phuse system und msthanogens can cope
With shock loadings of acids better in the second stuge, Lecuause of
the slow growth rutio of methanopens, recirculation of biomass :Ln

necessary ( Zoetereyer etal, 1979 ),
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2.5

I'hase seperation can be simulated in a plupg flow system, which
theoreticully ullows no mixing of contents in different cross-sections
of the: longltudinal reactors. This process enables acid-forming
bacteria Lo be vnriched in the initial section of the reactor and
metlanogens in the latter part, The tunnel design operutes only
partially on the plug {low principle, since mixing caused by

displacement of slurry destroys true plug-flow effect.

Effluent as {ertilizer

The fertilizing value of effluent from blogas plants has been
commented {requently in the literature, slthough field trials of
its effectivencss corpared to chemical fertilizer, manurs, and
compost hive riot yet been properly performed and documented, In the
choice ol plots for trials, care should be tuken to rote the nature
and fertility of the soil, and avoid plots that have had a history
of fertilizer application. Orpunic fertilizers tend to lsave their
residunal ¢ffeets in the soilj nanurc, biogas effluent, and compost

can huve efflects lasting for two to Lhree yeurs,



Luring fermentuticn, curbon in the substrate is consumed, Jlart
of it is incorporuted into the microbia). cells as building material
and remins in the slurry while the rest is metabolised to methune,
carbon dioxide, volatile fatty acids, or other soluble metabolit 88,
The pases escape from the sluity, leaving it more dilute with less
carbon and solid matter, Ilitrogen, on the other hand, is assimilated

into cells but rarely reduced to nitrogen gas in the system,

althourh nitropen fixing bacteria have been detected in some
system (lil;-llal\mgi, 1980) the total amount of nitrogen remins
fairly constant., Its concentrution in terme of dry matter actually
incresasus, not so much because of production by nitrification, but
because of the net decrease in soli‘d mtter as fermentation proceeds,
Table 2.2 lists some typical NPK values of manure and effluent obtuined
from our biopus plantsin Nepal » note that the concentrations of nitrogen

is almost LOL hipher in the effluents.

Tuble 2.2 NPK vulues of mmnure and effluent,
% by welght of air dried materials

Materiul N P20S K20 ash
guffalo manure, 1,01 1,11 0.92 26,043
fed on grass und {n=3)
rice husk

Effluent from 1.h1 1.18 1.48 28,64
done-type plant (n=6)
Effluent from 1.39 1.04 1.08 28,6L
tunpel-type plant (n=k)
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while the net amount of nitrcgen fluctuates slightly, the forms
it takes wury considerably., in most cases, there is more ammonia
( 20 to 50% )} and less orgunic nitrogen in the effluent than in the
minure Substrute. ln a report from Egypt (81-Halwagi, 1980) the
quantity jer unit volum of volatile fatty acids, phosphates, and
ammonia increased. In fact ammonia doubled becoming 251 of total
nitrugan'. trpauic nitrogen decreased by 207 but the amount per
unit dry matter incrzased owing to the concentration effect described
above, 1In- other circumstances in the 1,5, ammonia increased
from % to !¢, whereas orpanic nitropen was reduced from 3/L to 1/2 of
the net amount, 1lu India, ammonia in the effluent was found to be

between 15-10f of totul nitrogen. (Subremsnian, 1977).

Similur to manure, pus-plant effluent losos nitrogen in the
form of aummonia if left outside for long before application, If it
is tuo wet, leaching of soluble compounds especially nitrates will
occur, and if' too dry volatile compounds such as emmonia and
volatile futty ucid will evaporute more rend'ily. Furthermore

microorganismsuct on Lhe urea and protein converting them to

ammonin,
Co (g}, * 21,0 — (N”)_.)Q COy ammonium curborate (1)
(), co, —7 2l o+ co, (i H,0 (2)
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2.6

The second reaction is accelerated by high temperature and

alkaline conditions,

In the Philippines, effluent. from bilogas plants fed with
livestock wasten such as hop manure are treated in aeration lagoons
for about a month. The purposc is to allow taxic compounds present
in the ¢.fluent to decompose in the ponds before being applied to

erops. ( Murarba, Sr, 1978 ).

Toxic conpounds include hydrogen sulphide and their successful
removal can Le indicated the attruction of insects to the treated
slurry. 1o lepalyuhere cattle and buffulo dung is the common feed,
this procedure is not a necessity. Ye have encountered cases where
frogs dwell happily in the effluent ir the outlet pit and plants

sending their roots down the inner sides of the outlet pit.

fffect of anmderohic dipestion on pathopens

Another side benefit of biogas plsnt besides the provision of
fertilizer i3 sewage treatment, In biological treatmant of waste,
the initiul step known as primary treatment: involves settling out of
solids. 1In secondary treatment, suspended matter and soluble organic

matte - can be resoved by one of the following methods
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1. Stabilization pond

2. Cxidation ponds or seruted lagoons, some with algre for providing
oxyren, Cost 1s low und a)propriate where land is availanle,

3s  activated sludpe or continuous-flow aerated biological reactor,
usuully with reeyceling of sludge.

L. Pired film roactor with downward or upward flew (see 2.L)
Tricklin- or percolating biolopical filter is a spacisl case
with doununl flow of :substrate,

E' amw ol ie dipestion with or without methane recovery.

6. Composting,

Tll;x: and temperuture are the two important parameters governing
the suceess of waste trastment. Fip, 2,2 depicts how the survival
of diffurent %inds of puthoyuns are related to these paramsters., The
upper ripht bund corner is the safety mone, where at a cortain
corbinution of' temperuture and time, all pathugens are virtually
eliminated,  The most resistunt pauthogens are enteric viruses and
ascuris ep u; tiey are the last ones to be eliminated, In anaercbic
dipasidon at 35°C and at & retention reriod of 20 - 30 days, the
population of Ascuris epps 15 substuntiully reduced but not totally
destroyed, At {0 - 509 , corplete destruction is almost ensured,
In v weli-druined  pit, storage for one year essentially eliminates

ul) pwthogens at low temperutures,

in u bioyus digestor, wrere the temperature is usually below

30% und retontion time betwesn one and two months, removal of
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puthopens from nirht soil is never complete,and caution must be

taken to treal the effluent in stabilization_ ponds before application
to crops us fertilizer., In China, inlet pipes are made to open near
the bottom of the digester, so as to allow parasite eggs drop to the
bottom und have lonper retention periods, Even so, it was found in
Chinu thut Ascaris or round worm egrs only loses 93 of their

viability after 100 days.

Uulmonella is another pathogen renown for its resistance to
wuste treatncnt. Studies done on O. heidelhere indicated that
retention time and not $o muchl'll is the cruciel factor for oxtermination.
There are conjuctures that competition with other organisms in the
dipuster threatens the survivul‘or Salmonella, ligwever, when
Salmonelln was inmoculated into sterilised efflusnt from digesters,
the viable counts dropjed from 6 x 105 to 102 in two cases and zero

in wnother, indicating compourids in the effluent 'itself are probakly

inhibitory Lo their srowth. ( ansercbic Digestion Poster Papers, 1980 ),
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Figure 2.2,

Influence of Time and Temperature on Selected Pathogens

in Night Soil and Sludge
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Note: The lines ispresente conservative upper boundaries for pathogem death —.
that is, sstimates of the pathogen time-~temp. combinations required for
pathogem inactivation. A treatment process with time-temp. effects falling
within the "safety zome" should be lethal to all excretsd pathogenu, with
the possible sxception of hepatitis A virus which is not included in the
enteric virused in the fig. at short retention times.
Indicated time~teap. requirenonta are at leaat' 1 hour at » 62° c,

1

day at »50° C, and 1 week at > 16°c,

Sourcet R. Feachea and others, 1981.
Raproduced with psrmiasion from World Bemk.
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I'ropurties of Biopus

Biopas usually comprises 50 - 70 4 of methans, Cly» and the
rest is ruinly carbon dioxide, CGnp In the Indian subcontinent,
biogus peneruted from povur (cattle or buffalo dung) contains only
YC - 55% of methune, Sm2ll umounts of other. geses such as n{trogen
are also present. Hydrogen and cerben monoxide may be present,
usually below 1%, The corrosive gas hydrogen sulphide HyS is ulso

produced in truce quantities by sulphatereducing bacteria,

Both Methane and hydropen are combustible, though the contribution
of hydrogen tu the calorific vulue of the gas 38 naglipgible bsceuse
of its small guantity. Removing the incombustible carbon dioxide

would increase the calorific value of the pus,
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Methune is well-known for its property of forming explosive
ruxture with air between 5 to JLE methune or 8.1 to 21,37 biogas
(asswuming 60 methane content). In enclcsed space, violent .
explosions cun occur.- iccidents are not unheard of, but are usually
induced by extreme carelessness such as liphting a flame inside an
anaerobic dipester or Lesting the combustibility of pus at taps
situated in small pits. ith o bit of knowledge and common sense,

ojerution of Liorns plante and appliances is ruther safe,

Using bicgus for cocking is us convenient as using butane gas,
though in ull cuses, proper precuutions such as adequate ventilation
should be observed. Biogas contwins a minute umount of hydrogen
suphide, which is not only posionous but is also a nuisance bscause
of its corroding action on enpines and ras taps, especially those
that comain lesd, FBydropen sulphide is characterised by its rotten
egyy odour and should not be inhaled unnecessarily., above 10ppm, it
sturts to irritate the eyes and ubove 20ppm, the lungs and mucous
merbrancs, and above 600ppm, death may occur, Lnforiunately, olfactory
(sense of srell) futigus develops after prolonged exposure to the

gas und its dangerous prusence nuy not be detscted.

Substrates with high amount of sulphur generate biogus with more
hydrogen sulphide. The percentuge of 1?2.‘i geﬁemted from cattle dung
in Nepal is below 0,001% tested with the lead acetate method, The
amount. should not czceed 0,07 by volume when used for engines, or

else it has Lo be scerubbed.
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Powdevred hydruted ferric ovide (rust) reacts readily with
hydropen sulphide $orming [aric sulpkide, LUpon exposure to
atmospheric oxypen, ferric oxide is repenareted; this reaction is

very vivorows with trorenidons heet gehieration und udmittance of

air shonld be conlrolled carefully,
Fea™ v 3 ——Re2 5y, v 3 0

2 F(e2 S-J + ]()2 e 2 Fe, (5' 6 &

Wet serubliine can alsc be wied, 3 volumes of ES in 1 volume
3
of water at one utmosphere and 20Y%. Carbo. dioxide is ulso partially

rerovard,
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M. Lau-Wong

Vol. II
Chapter 3. THE EFFECT OF OPERATIONAL PARAMETERS ON SYSTEM DYNAMICS

3.1 The purpose of modeling

In order to enhance the performance of a biogas prccess and to
prevent process failure, kinetic study of the dynamic behaviour
of the system is indispensable. A common tool in kinetic study is
the conatruction of mathematical models for describing the syatew's
characterigstics. Successful models enhance understanding of system
behaviour by shedding light on the role and interactions of various
operational parameters for the process. By adjusting the parameters,
control of the process and prediction of system behaviour under
different sets of conditions can be achieved accordingly. This
ultimaiely leads to improvement of plant design and refinement of

operational practices.

A model shouid reflect tne essential features of the real procena,
but not be bogged down by irivial details. It should also be tested
againgt real data. So far most good kinetic data have baan generated
from bench-scale reactors and pilot plants in researcn stations
under carefully controlled environments. Piold data, 1f existent,
ugually do not lend themgelves readily to analysis. True, tests on gas
2iante oporating under field conditions give more realistic results,
but these same conditions create immense difficulties when one comes
to data analysis. Many environmental factors are often beyond one's
control: temperature and moie:ure content of subgtrate (eg. animal
dung) vary from month to month and a true steady state of the aystenm
can never be achieved., Moreover, input quantities of dung and water
are not measured out as exactly in the field as in research laborate
ories. All tnese factors together contribute to a greater degree of
randomness in the data,

A simulation model on anaerobic digestion has been developed
by Graef and Andrews [for fine process control (1974). In our study
of gas plantoperation under field conditions in Nepal, wherec
gophisticated facilities are lacking and feedback is minimal,
it is more practical to use a lecs elaborate model but one that
includes the essential operational parameters (such as temperature
and retention time) that are still within our control and monitoring.
In the following sectinm simple models for various plant types
will, be discussed,

3.2 Parameters Aftecting Gas Output

In the literature, zas production from substrates is often given in
terms of the unit weight of the substrate or volatile solids in the
substrate, This presentation is too simplistic and gometimes quite
misleading., Since output i3 deperident on numerous factors, such as
temperature, retention time, input quality, concentration of sudbgt=
rate, slurry water content, pressure, pH and digester volume, it is
crucial to specify the conditionsg ana subject them to the same frame
of reference before mmaningful comparisons of diversified substrates
can be made, If animal dung is used as fesedatock, ons must take into
account its moisture content, which varies for diiferent animal

species and period of exposure after defecation, In a hot clima%e
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of low relative humidity, dehydration of dung octurs rapidly, esp-
ocially under sunlight. The mame applies to plant feedstocks which
vary in water content and digestibility at aifferent stages of
maturity.

55 Modelling the Dynamits of Variaue Reactor Systems

Biogas aystems encountered in research staticns, laboratories or in
the field wusually adopt one of the following bagic depigns:

1, Batch Reactor - from which nothing is removed (except gasevus
producte) and to which nothing is added after the initial
inoculation of medium,

2. Completely Mixed Continuous Stirred Tank Reactor (CSTR) -~ also
Imown ac Chemostat, to which subatrates, and posseibly cells, are
continuouely ted and from which effluent is constantly removaed.

3. Semi-continuous Mixed Reactor - oimilar to CSTR, except that
Buostrate is fed at intervals and nixing may be intermittent.

4. Plug Plow Tubular Reactor (PPTR) - a longqitudinal or pipe~like
reactor to which feed 13 fed and effluentt is removed continuoug-
ly. In the ideal case, there 1s no variation or axial velocity
over each crose-section, Ideal Plug fiow can be approximated by
the movement of fluid through large pipes or channels. At each
plane of the channel, fluid moves at constant velocity with no
mixing or interaction with fluid in tha neighbouring plane.

Se Horizontal Displacemeni Reactor - a modified veraion of the
PFIR that allows mixing by displacement of slurry between
digester and outlet pit. Input is semi-continuous. An example
is the Tunuel design.

6. Yixed Film Reactor or Anaerobic Filter - a vertical reactor
filled with supporting material which hus a large surface area
for the adherance of bacterial films. The substrate ig pumped
either up or down; agitation is ealiminated; and it is more
applicable to dilute non-particulate substrates (see Ch, 2.4),

Modelling of the Batch Process

At the end of a lag period (where t = to), the rate of disappearance

of the subsgtrate ig proportional to ita” concentration:

g% = - XkS. (See Table 3.1 for notation,)

Integrating, with 3§ = So at t = to :

S = s, e'k(t"to).
Al the end of the Retention Period R :

5 =S, oK (R=t,)

The substrate converted between the time: t=%1 and t 1is:

o [-k(t-t
St-1 - St = bo [e k(t O)Jo(ek - 1)-

This value, the daily amount o: substrate converted, is variable and
depuadant on t,being smaller as time increages (Figure 3 .1)
The gus produced daily (between t-1 and t) ia:

G = CyC, 1T (S, ,=-5)V

. [L=k(tat ﬂ k
- CyC, v bo[e o) (a® - 1),

y
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Substrate Concentration(S)

b

[ Rk IR,

lzgt ne Time (t)

Pigure 3,1 Batch Process: Substrate Concentration ve. Time

Modelling of the CSTR Process

At steady state, the substrate concentration S in the reactor is
canstant and equal to that in the effluent (Pigure 3,2).

Deing a mase balance on the asubastrate in the reactor:
Mass in - Masg cut = Maes converted in the reactor:
P (s, - se) = kSV = k. V,

. Y
or: So - Se - kSeR, gince R )
o o S

Se = T9Tm
Rate of Gas Production (G) = c, 02 f (S° - Se) F
= C,C, fVS %k
1 72 nTO:"ER
g
c
S
]
S| SeSeSe
§ 0
ek
Sw
T
wa
L
o]
vy
Time (1)

Pigure 3 .2 CSTR and Semi-CSTR: Subatrate Concentration in
effluent vs, Time,
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Smmbol Meaning Unita
S Initial Concentration of Substrate: in faed for kg.m'3
° bateh procsesses, in influent for continuous
processss,
Sq Subetrata Concentration in Effluent kg.m:;
S Subetrate Concentration in Reactor kg.m
R Hydraulic retention time day
¥ Flow Rate of comtents in Reactor m}.day"1
v Morking Volume of Heactor ]
L"Q Yolatile Solid Content of Subetrate {organic matter) kg
T fraction of Volatile Solids in Substrate=1-agh fractlion -
G Rate of Gas Pxoduction (usually at STP) m:"‘.day-1
¢, Gas Output per Unit Mase of Digestable {VS) m3.kg'1
02 Praction of digestiole volatiie solid in substrate -
P Iaterval between feeding of Substrate in semi- day
continuous reactors

Table 3.1 Symbols Used in the Mathematical Models

Modelling of a Semi-~Continuous Mixed Reactor

A Seni-continuous process combinss features of both continuous and

bateh reactors. Substrate is fed at intervals p , anad for simplicity

mixing ig assumed to be accomplishzd ingtantansously, At steady atate,

eubatrate concentruation in the erfluent is constant (Pigure 3,2), but

t%e gongentration S 1inside the reactor fluctuates with time (Pigure
37

S is highest immediately after input, denoted: S,

S 18 lowest right before input, denoted: Sb

Let the amount of input at ezch period be: Vo

3 Ti H = ! H -v
Retention Time: R v/ po or: Vo -FE

@

S ”FWf ﬁwu!
=

k -4

: |
Cc

Q

O

2 \\\\\\\\
g Sb' .......... o~

3 Se=5p

2

[¥p}

T ) v

Time (t)

Pigure 3 .3 Semi-continuous Mixed Reactor: Substrate Concentration
in reactor vs. time.
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In the event of input of substrate, effluent of a volume Vo and of
concentration S, = S, 1a displaced from the outlet, before it has
a chance to mix with the incoming fresh subgtrate.
After mixing of the influent with the reactor slurry, each having
substrate concentration S, and 5, and volume v, and (V = Vo)
rggpectively, the resultznt concentraticn of the mixture is:

S, = oot Sy LY = Vol = 5P 4 Sy (1 -2) vee (1)

v R R

After each input, however, fermentation proceeds batchwise and Sb

18 related to Sa by the batch equation:

Sb = Sa e'kp tese (2)
Solving for S, from (1) and QZ) givean:
sb = —rp——-sno-———.- ( P )

e -1+R R ' eoe (3)

Usually when the period p is small compared to the retention time
R, the expression (3) for S, can be simplified.
P << R 18 equivalant to ﬁ-a~o 3 Since R is rinite, p-0Q .,

lim 5, = lin Soeme 1
p~0 P>0 (o P-1) .1 R
P R

Applying L'l{dpital's rule to 1lim ( ekp - 1) glves k,
p~0 p
and lim S o So = ~—§O——
p>0 ©° (k + ;TR 1 + kR
This gives the same substrate concentration as in the effluent from
& CSTR. Theretore if the retention time is long compared tc the

feeding interval p , a semi-continuous process can be approximated
by a continuous one,

Rate of Gas Production, G:

)

G - C C f ( §O - Se-) V = -21—02——.———0-—
1 72 R

Again, us P-a-O, G = _91_92 tyv 2o k
R

1 + IR

Modelling of the PPFTR Process

A plug flovw process can be visualised as a batch procees With the time
axis in the batch reactor translated to a length axis in the tubular
reactor. By transforming time t , to length 1 » the graph of
reactor gubsirate concentration (Pigure 3.4) is identioal to that of
a batch (Pigure 3.1).

t and 1 are related by the relationship:
t = 1R where L is the total working length of the

tubular reactor.

30 5 '/—\\i
P°


http:result.nt

&

o

Length of Reactor (1) L

4N

Substrate Concentration(S)

Pigure 3,4 Plug Plow Reactor: Substrate Concentration vs. Length

At steady state, effluent substrate concentration Se s, 1s constant
and 18 .given by:

Se a S0 e
On the other hand, concentration in the reactor S varies at
different cross-sections along the length of the reactor, but is
independant of time at steady state.

Rate of Gas Production:
S -8

G = C1 C2 T (-—O—R—-G-)-‘YR

£V s, (e )
R

-kR

« C, C

172

Modelling of the Semi-continuous Plug Flow Reactor

Derivation is the same as that for the PFPIR, as long as there is no
mixing of fresh substrate with the reactor contentas.

The Effect of fetention Time

In the optimisation of a biogas process, differentiation between rate
and efficiency 18 important. Both are intimately related to retention
time, and in a process, one but not both, can be maximised., Rate of
gubstrate converaion and rate of gas production are proportional and
either can be used to specify the rate of the procesa.

Specific Gas Production Rate: g = % = C, 0, £ (§0nﬁ-§e)

Substrate Conversion Rate: r = §o—§—§e- per unit reactor
.o volumse
The rates: g and r are therefore related by the constants:
C1 02 f which depend only on the nature of the subatrate,

Dilution rate D and retention time R are related by:
D - A .

It can be shown by kinetic analysis that as D increases or R
decreases, conversion rate increases until a maximum is reached;
after that, for a further increase in D, a precipitous drop in

5.6
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Daily Gas Production/Daity VS kput, mYSTRYkg

the rats follows, plummeting to zerc as wash-out occurs (Figure 3.6)

The ¢fficiency of substrate conversion can be represented by gas
production per unit volatile solid:

dail as production G
gt = daily 55 input QV@) " {re)
GR . S « S R
"fVs, % CGIYV (Sog~e) 7y 5,

. v - ) - f Vs
Bince: R = 7 —@?}_S—— m}—-o
o]

? S"'__S .
So: g!' = c,c, ¢ (~offs°e)
Substrate conversion efficiency: ¥ , is defined by:
S _~ S
E» Soyge’

Thus: g' = C, C, f E and g' and E are related by the

constante: ¢, C, f.
. S
For the CSTR and its approximatigps. Se L a2

. . 1
Substituting for be. E = 1« TR and as R—+»00, E—»1,

Therefore, the higher the retention time, the grehter the efficiency;

but then subastrate conversion rate is traded off in favour of effice-

iency. Normally, when substrate is abundant, one would optimise the

process by operating at the retention time that gives the maximum rate.

But when substrate is scarce and gas consumption rate is below the

Symbols
x 30.)°C .
0'07 + 27'5“C 0
© 24.4°C X X304
0-06 A 20.3°C 27.5°C
24°C
0057 ‘
20-3°C
0.04 .
0-03 1 4
002
00!

0 10 20 30 40 50 60 70 60 90 100 IO 120 130 140 150
Retention Time (R), days

Pigure 3.5 Gas Output per unit Volutile Solids Imput
V8o Rgt,ontion hmeo
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maximur gas output rate, wore of -the substrate can be consumed (ie.
the efficiency can be increased) by extending the retention time.

As an {llustration, the gas output (at standard temperature and
prossure) per kilogram of volatile solids in buffzlo dung is given in
Flgure 3.5 for different tempertures, The data were collected from
semi-continuously fed biogas plants (of the steel drum, corcrete dome
and tunnel designs) operated for a period of two years. Ag retention
increases, gas producticn per unit volatile solids and consequently
efficiency tend to level off asymptotically.

In Pigure 2.6, the rate of gas production was plotted against reten-
tion time. For comparison of cases with different substrate input and
slurry moisture content, the rate was obtained by dividing daily gas
output by substrate concentration and rgactor vglume; The cur ves for
different temperatures, ranging from 20°C to 30°C are convex, reaching
maximum at their respective retention . time Rooxe The curves
slope gently beyond the maximum, asg retention time "% exceeds Rmax‘
On the other side of the maxima, however, the curves drop :
precipitously, signifying wash-out of the microilora. At the temperature

range shown on the graph, Rmax occurs between 20 and 30 days. At
“" is lower, so the plant can be opernted

higher temperatures, R___

..... Symbols

e 2 r 304°C

o ' ' + 27.5°C

53 f
AP , \.\ 0 2%4C

g .. X\ 4 203°C

x \ —— Interpolated Values 25°C
4} : . X N X = = Grapho!f y=0-178/R

51 ' ) - --- Extrapolation basedon Theory

= !
o] .

¢

a

Ty

D2ly Gas Production/VS Cancentraticn x Volume (-
) w

-

o
0 410 20 30 40 50 60 70 60 90 100 110 120 130 140 150
washout Refention Time (R), days

Figure 3.6 Rate of Gas Production vs, Retention Time
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at a lower retention time.

The dates points obtained from the field trials all 1lie on the gentle
slopes of tne graph. The reagon is that, for operation of plants in
villages, the adoption of a retention time close to the

maximurm  ig not advisable, since a decrease in temperature can
shift Rmax to the right, resuliing in a wagh-out,

3.5 The Effect of Temperature

The reaction rate of a biogas process is atrongly dependant on tempe
erature. The relation can he described using the Arrhenius equationg

- B
k = A exp( ﬁﬁﬁact)

whera: k is the reaction rate conatant,
A is the frequency factor, a congtant for the reaction,
E .y 18 the activation Energy,

R is the Gas Conpgtant (= 8314 J8ules.kg.mole-1.°K'1),
T is the Absolute Temperature (°K).

This equatior can be transformed to:

In{k) = Kggact + 1n(a)
B

A plot of In(k) against % will give a straight line with slope: :ﬁact

and intercept: ln(A). These constants can therefore bes determined
experimentally by measuring X at different tempertures.

For a biological systemgtraignt-line-relationship holds aslong as the
temperature is within the noxmal range that can be tolerated by the
system. At high temperatures, danaturation of proteins and engymes and
eventually death of cells will occur. .

Micro-organiems can be roughly divided into three catagories according
to their tempsrature preferences:

Psychrophilic (cold loving) organisms usyally have the%r optimun
growth tempertures below 15°C, and may still grow at 2 C, but at
a much slower rate. :

MeBophileu gmiddle loving) have their temperature optima between
20°C and 40°C; most biogas plants are operated in the mesnphilic
range,

Thermophslee (heat loving) usually have their temperature optima
above 45°C,

1f the interval between feeding is short compared to the retention time
R , the semi-continuous mixed process can be deacribed by the equation:

~ S _k .
G = C, S, v 7T kR from section 3.3
Rearranging tO determine C.c, and k:
V.S 1

R = C1 C2 f <° - K

R and SO are adjustable parameters in the process and the dependant
variable G , the daily gas production, can be measured experimentale
ly. Tne fraction of volatile solids or organic matter f , can be
obtained by ashing the substrate at high temperature. The product of

the two unknown constants: 01 and 02 and the kinetic conamtants k
can therefore be found from gas production measursments by
plotting a graph of R verses the variable £V S.. The slope gives

C,0, and the intercept (- 1), ¢
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Retention Time {R), days

Symbols
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Figure 3.7 Plot of Kinetic Data as a Straight Line Graph

Data were recorded for various types of biogas plants, operated over
a period of two years and plots were made for 4 temperatures of the
‘above variables., The value of ¥ » Was taken to be the mean .slurry
volume for displacement digesters, whero the slurry volume varies with
the voluga of gas etored. The plote were made for 30.1, 27.5, 24.4,
and 20,3°C and the least squares method was used in obtaining the
regreseion equations and unknowns: 0102 and k, The results are shown

in Table 15.2 and plotted in Figure 3.7,

T c,C, k ‘T f Regression Equation

°c) | (m>/xg avs) | (day~!)
30,1 0.45 0.052 0,95(0.73 R a 0.33 X - 19,34

27.5 0.31 0.044 0.9010.74 R = 0,23 X - 22,73 : .
24 .4 0.25 0.036 0.91{C.61 R = 0,15 X - 27,78

20,3 0.31 0.022 |0.88[0.74 R = 0.23 X - 45.45

Table 3.2 Regression Analysis of Kinetic Data from Pield Plants
vV S
X =

f is obtained from ashing dung at 550°C for 4 hours.
The correlation coefficient r 18 high in all cases and the model,
though simple, can be used to explain the rglationship of the rate of
gas production and the other factors in most cases.

¥her 1n(k) is plotted against % , a straight line regression is
obtained: Figure 3.8,

3.1
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T > k= 7-5x109e'77m

06 > Carrelation Coelficient (r)=0-99
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Pigure 5.8 Reaction Constant vs. Inverse of Absolute Temperature

Using the least squares method: A = 7.5 x 109 and gact a
7780:

k = 7.5 x 109 exp( =~ IJTB-Q)

The correlation coefficient r is very high (0.99), showing the
atrong relationghip between the reaction rate constant k and
temperature T .,

In the aouthern plains (the Terai) of ngal, a decrease in digester
temperature from a summer maximum of 31°C to a winter minimum of 20°C
can cause a reduction of Xk by 60% and a roduction of daily gae
output by 304 to 50%.

Note that the values of C 02 or in fact-C, depend on temperature
and the nature of the feed, The higher tﬁe lignin content in the
feed, the lower the fraction of digestible volatile solida since
lignin is hard-ly decomposed anaerobically. The quality of the fred
varies all year round, being poorest during the dry semson when the
animals feed on etraw or whatever scrubby vegetation that is left.
Thus the values of C,C, shown in Table 3,2 appear to have no obvious
relationghip with te%pgrature.
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1.6 The effect of moisture content in slurry

There hag been much gpeculation on the effect of thick slurry (nigh
total golids or low moisture content) on gas-ouiput. Experiments
performed in India on batch systems ranging from 5% to 124 initial tctal
eolidae,- showed that total gas output (over o period of 4 weake) is
maximum between 7% and 9% solids (Idnani et al, 1974)., Balow 5%,
seperation of solids occurs and at 12% solids, gas output was only

60% of that at 8% after 4 weeks. It was explained that the high

[
concentration of solids delayed Tarmentation and the corre
high vipscosity prevented rapld evolution of gas. @ponding

In another study, methane production from mesopkilic anaerobic
fermentatinn proceeded relatively uninhibited at high solids content
below 30%, In fact, the rate of conversion and efficiency were about
squal at 10% and 20% initial solids, Neither the rate nor the efficienoy
were gipnificantly inhibited by solids content up to 32% of the total
wet weight. However, when a 40% value was reached, methane formation
almost ceased (Jewell et al, 1981).

These results prompted the use of semi-s0lid or high solid batch
fermentation for methane generation by tha Jewell group. Since more
gas is produced per unit volume, a smaller reactor i3 possible, More
heat is also generated per unit volume and in cool regions_a small
reactor volume would require less insulating material, ?
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In investigating the effect of moisture content cn gas output for the
3 typeo of seni-continuously fed plants (Drum, Dome, and Tunnel), kinetic
data were collected and analysed as shown in the preceeding sections
vhere by regressicn, the sstimate of daily gas production, G, 4, was found:
Gogt =C1 Co £V S, &/ (1 +XkR)
This sstimate, Gag4, deviatiss from the sctual gas production, G, both given
at STP, It is the purpose of our analysis here to determine whether the deviatior
can be ascribed to the effect of slurry moisture content.

Note that the concentration of substrate in the influent, S_, is an indicator
of slurry moisture coi.tent in the digester. In our field expergnenta, the
Rolgture content in the slurry is 1 to 2% lcss than that in the influent,
Because of incomplete mixing inside the digester, it is convenient and adoquate
to use Sy as an indicator of moisture content of digester slurry.

The deviation of G as measured, from its estimate Gegt a8 calculated from
the régression equation, can be due to the effect of slurry moisture content,
randonness, or.other unknown factors. If meisture coutent alone caugep any
apprasciable effect, G may be sxpressed in tha form:

G=0Cy GV 5k (1+kR) x £(s,)
= Gygt X 1.35) vhere £(S,) is some meaningful functiom of Sy
This gives £(S,) = G/Gogt,

Another likely possibility for the relationship between G and Gugt is:
G = Gogt - g(S,) where g(S,) is some meaningful functien of S,.
This gives g(S,) = Gegt - G

An intelligent guess of the shapes of £(S,) and g(S,) versus S, is given
below. They are exponentis) functions within a certain range of Sp, end con-
ceivably they vary with temperature.

(S0)
. £(50) 3

[

f
Gliese | G- G

\\\\\\\\\

\

i t —%s,

7S

Thus, if slurry moisture content exerts eppreciable effect on gas productioz,
ve might be able to determine £(S,) er g(S,) for different temperatures, by
plotting G/Gest versus S, and G-G4,¢ versus S,. The graphs for the four tempera-
tures ranging from 20 to 30°C are depicted in Fig. 3.9 and 3.10. Using curvili-
near regression on the data points, the regression equation for emch temperature,
the corresponding corrslaticn coefficient,r, were calculated, and test of
significance were performed.
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Fig., 3.10 Effect of Influent Substrate Conc. on Gas Production, Graph of f(So)

At 30.1°, the exponentinl regression equation for g(sy) is:
E(So) = 0,793 x 1'00430 -
r=0.58 non-siguificant at the 5% level (d.f. = 7)

The regression equation for f(So) is:
£(s)) = 1414 x 1.002 °
r = 0.66 just non-significant at the 5% level (d.f. = 7)

At 20.3°c, regression amalysis gives
g(8,) = 0,624 x 1.005% - 1 with ¥ = 0.39, non-significant at 5%
£(S,) = 14245 x 1,00257  uith r = 0.40, non-significant at 5%
For the other temperatures 24., and 27.5°C, the correlation coefficients for
both g(S,) and £(S_) were even lower (as obvious from Fig. 3.9 & 3.10) and
not uortg reportin&.

The highest correlation occurs at 30,1°C, It eppears that G/Gegt = £(Sy)
gives a better description of the relationship since r (0.66) is higher than

3.4
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that of the equation g(S,) = G,
the 5% significance test. Even fP it does, 56% (1~
G/Gggt, cannot be explained by its relation with Sye

- G. However, it ytill does not (barely) make
r5 in %) of the variation of

In other words, at the influent mcisturs content betveen 6 to 14e5%, and
teuperature range 20 - 30°C, the deviation of G from Gugt cannot be explained
by the variation of slurry moisture content. In fact, the deviations are small,
as evident from the high correlation coefficients for field data (Table 3.2).
They can well be due to randomness in environmental and operational paramcters,
such ag dally random fluctuation in substrate and vater input, dung dry-matter,
and digester temperature,

In the Steel Lrum, Concrete Dome, and Tunnel designs of biogas plants, move-

ment of slurry caused by semi-continuous feeding, and in particular, by displacewmsnt;

of elurry in the latter two designs, probably frcilitate the evolution of gas
bubbles in the slurry. This would make the effect of slurry thickness leas
pronounced.

3.7 The Effect of Pressure

The effect of pressure is two-fold: it can alter the corposition as

well as the total output of biofas. Carbon dioxide is soluble in wvater readily

while methane is mot. At high pressurs, the solubility of cafbon dioxide

increases proportionally ruch more than *'at of Bethane, with the consequemce

that the gas will contain a higher percentage of methane.

It was postulated that given the same conditions, drum Eype planta,
vhich operatu at a lower preasure (betwsen 60 and 90 kg/a“ or mm Water
Guage) would deliver uwore gas than a displacement type plant, the pressure
of vhich igs variable up to 1200 mm WG.

How high does the pressure has to get before it cen exert substantial
offect?
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Tests were performed at different times on displacement type plant. In
the first experiment with a tunnel plant, gas was allowed to accumulate
for one day before being released for measurement, In this way, pressurs
could build up to as high as 1100 mm (¥G). This was compared with the
gas production from the plant when it was meagured twico dmily, since
the pressure remained always below 780 mm (WG).

In the second experiment, a dome type plant was connected to a gas

meter, so that any
would not build up

as produced would run through the meter and presasure
above 40 mm WG). This result was comparsd with the

gas production when measurements were made twice daily. The results ars
given in Table 3.5. Interestingly, pressure within the testing rangs
has negligible effect on gas output,

IPlant Type Gas Measureuent Pressure Tsm . Gas,Prod, No.
(im WG) ( C? (m3) Reads
Tunnel Once daily Variable 20,5 1.53 2
max: 1100
Twice daily Variable 20.5 1.63
max: 780
Once daily Variable | 21,1 2.16 2
max: 1100
Twice daily Variable 21,1 2.11 2
max: 780
Dome Twice daily Variable 24,5 1.74 7
max: 1200
Meter Pixed 24.5 1.67 6
max: 40
Table 3.3 Effect of Gas Pressure on Gas Output

According to e study in Egypt (El-Halwoge, 1980), as operating
pressure was elevated, the percentage of carboy dioxide decreased
while that of methane increased, reaching a value of 75% methane at
a conatant pressure of 37Jmm (WG). There was alsc a concomitant decrease
in total output of gas, but the total methane output was hardly altered,
On the other hand, our experiment on dome-type plants showed imper=-
ceptible differences at the operating pressure range of the plant
(Table 3.4),

Pressure, W.G. |Methane, % , standard deviation
Constant, 50-100mm 50,7 2.7
Variable, Max. 850mm 51.3 4.4
Variable, Max. 1900mm 52.0 0.8

Table 3.4, Effect of pressure on methane content of biogas from
concrete dome plant,

From theae results, it appears that displacement type ( concrete
dome and tunnel) which operate at variable high pressures do not suffer
a lower gas production, nor do they deliver gas richer in methane than
low pressure plants. As pressure is released during gas consumptloun,
dissolved gas in the slurry is also released and the resultant average
gas composition would turn out to be similar to that of low preesure
plants. Results would perceivably be different if the plants have
been operated at constant high pressure (as in the Egyptian study)
which supresses the release of dissolved gas from the slurry.
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3.8 Discussion of Results

Field tests on Lthe “hree types of semi-continuously fed biogas
plants {drum, dome,and tunnel) built in Nepal indicate 1ittle diffe-
rence in their kinetic behaviour. This result is unexpected as they
differ in their positions relative to ground level, in the digester
configuration and in the mechanism of slurcy displacement {used
in the some and tunnel types, but not the drum), These factors
should exert considerable effects on slurry azitation and
mixing. Lacking the displacement mechanism, the drum plant
has the 1leagt amount of mixing, although somg mammal mixing

is often sone, by rotating the drum, In the tunnel plant, mixing

by disrlacement is limited by its longitudinal shape, so that thore
are obvious gradiente of the percentages of methane, carbon dioxide,
hydrogen and gas output along the entire length of the plant (Figure
3.11), Temperature gracients in the slurry and daily inflew of foed
alpo contribute to mixing, but it is far from uniform in any of these
designs. Despite the apparent incongruity, however, snalysia indicates
that all three processes can be described by a simple unifying model -
that for a GSTR - provided that the retention time greatly exceeds the
feeding interval., The intringic differences between the threoe proceeses
are small enough to be masked by day to day random fluctuations in the
operating conditions,

Another assumption in the model, is the attainment of staady state by
the process. However, owing Lo seasonal fluctuationse in tempoarature
and dung dry matter content. the systems can at best attain only
quasi steady state. To take this into account, refinement of the model

is possible (by careful daily monitoring of various paramgters and
computer gimulation). PFor practical purposes, this would not be
worth the expense as we find the simple model serves well in
prediction under field conditions.

Let us now examine the effect o! each parameier:

Pli: when Lhe process is in tull swing, the slurry produces its
own buffer to maintain the pH between 6.5 and 7.0, Adjustment is
not necessary, unless the pH drops below 6,5, indicating imbalance
ir the proczess.

Variable High Pressure: variations up to 1200 mm (WG) appear to
have little influence on total gas output oxr methane content,

Solid or dry matter content: varkations betweer 6 to 14,5% in
the feed (or 5 to 13% in the slurry) do not retard the gvoluticn of
gas from the slurry. However, to facilitate flow and mixing in a
pemi-continuous process, the influent dry matter content should not
be more than 14%.

Temperature and Retention time: are the more crucial factors
affecting gas production. Reaction rates can desrease bg 60% anyj gas
output by 40% to 50% when the temperature falls from 30°C to 20°C,

The decrease in gas yield can be compensated by building a largesr plant,
but to economiee on construciion cost, digester temperature should be

malntained at at least 25%C throughout the year (see Vol. 1 Ch. 10
and Vol. 2 Ch, 6),
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Proportion of Gas in Mixture, %

The efficiency of conversion increases indefinately with retention time
while the rates of conversion or gas output reach their maximum at
a certain retention time (Fﬁnax)’ depending on the temperaturse and the

nature of the substrate (Pigures 3.5 and 3.6). The higher0
the temperature, the smgller is R ¢ being 15 to 20 days at 30°C
and 30 to 35 days at 20°C. MaX operation at & retention tims

equal to Rmax is conceivably ideal, but it ie also precarious. A drop
in temperature will shift Rmax to the righ%, cauasing a
sharp drop in gas production rate and possibly a washout,
Total washout will not occur when cattle dung is used as a subatrate,
as methanogens are always present., However, at high  dilutions, %hese
slow growing organisms would be unable to proliferate.

601

501

401

30
Hy
201
101 Other
Gases

Py —¥
T T T T T L3 e v

0 1 2 3 4 5 § 7 8 8§ 10 11 12 13 1
Tunnel Plant Section (0-5m per Section)

Pigure 3.11 Proportions of Different GAses Along the Length of
a Tunnel Plant,
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3,9 Prediction and Optimisation

The model can be used practically to predict and optimise the operation
of biogas plants. This can be shown by the use of examples.

1. What is the daily gas _output for a drum type biogas plant with 7.1 m
digester volume at 25°C, with the recommended daily input of dung
and water being 60 kg each? The dry matter of the dung is assumed
to be 20%. At present many plants are operated under these conditions.

a) Pirst find the retention time: R
R = 2%§§ster Working Volume V
Dal 1y input Volume

The denaity of the slurry is about 1 kg/litre.

3

Input volume =, 60 x 2 = 120 litres,
R = -lingﬁ—ig— = 59,2 days. r

[
b) From the graph 3 &, the rage of gas production can be read from
the interpolated curve at 257C: A

At R = 659.2 days:
r, = 3.0x 1073 n2.xg(vs) '.aay™! at 25%.
¢) The daily gas production G is given Dby!
G

-1

e - S V1 Subgtrate Input (k Dry Matt et
ubgtrate In x Dry Matter
where S, Total Input Volume (litres x 10 ...(2)
80 %20 x 10 kg.m™> = 100 kg.m™>
f = 0.74 for dung from grass-fed ruminants,
Thue: G = r, 5V f = 3,0x 10; x 100 x 7.1 x 0.74
g = 1.58 m3 gas (STEV day or
1,72 m” gas dt 25°C.
At 30°C, the sameSCalcula:ions would give: r_ = 5.6 x 1072
and G = 2,95 m’ gas (STP) / day. & 5

If the influent dgy-matter is increased from 100 to 130 kg.m~ °,
At esc, g 7.1 x 10 o (ie. less water is wsed, but dung
" 76.2 days, input remains unchanged)

2. -3 o
rg = 2,59 x 10 at 25°C and
¢ = 1.74 m° gas (STP)/ day.

Thus , when o thicker slurry is used, the retention time is longer and
more gasg is produced.

2. A smaller plant can actually be built to yield the same amount of
gas 1.58 m? daily, at 259 by using @ higher dry matter content in

the gifluent, say: S, = 130 kg.m—3 (13% dry matter).

Asouming only 60 kg dung is available:
Total input = 60 x1§8 x 10 using formula (2),
= 92,3 kg or 92.3 x 1072 m°.,
Now rg is1a function of R , say f(R):
58
I‘g = m L f(R) using formula (1).

Since V = 92.3x 107 xR 1, = £(R) = 9:%19 .
3.19
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R can be solved graphically trom this equation by plotting the

curve y = —94%19— on the same graph and finding the intersection

with the 2500 r curve,

The curves € intersect at R = 58 days and V = 5,4 >,
Alternatively» the graph r_ = f(R) can be estimated by regression
analysis and R can be > 80lved numerically.

By increasing the dry matter content of the influent, the retention
time is reguced from359 to 58 days, the digester volume is reduced
from 7.1 m” to 5.4 m-zand water for mixing is saved. S_ is increased
from 100 to 130 kg.m™ Zor the dry matter from 10% to 13%? while the
dung input and the gas output remain the same, Therefore, by
increasing the dry matter content in the slurry, the construction
cost as well as water can be economisged,

Now 1,53m> (STP) of gas is not usually enough for the daily consum-
ption by a family of 6 persons, Based on the daily requirement of
gas one can adjust the following factors to optimise the cost:

a) Digester Volume - affects the capital cost;
b) Input dung - affects the operation cost;
c) Input water - affects the operation cost.

The scarcity of water for mixing does pose a problem when the water
source is distant or limited during the dry season. The minimum
amount of water to give a dry matter content of 13% is used in

the following calculations. .

Economic analysis (Vol.1 Ch.11) showed that the cost of gas )
plant is a bottleneck for biogas extension, The recurring cost of
dung is relatively insignificant in affecting the ecqngm@cs of
the biogas plant. However, in practice, gobar is a limiting factor
in most village situations., _

Now, given a daily gas requirement G, to meet this requirement,

Daily gas production G = T, X 5, x £ x V= f(R) x Sg x £ x V

: 3 \ -
f( Vx 107 x S5 ) x S, x I x v
W . DM ‘
A

Rl

where Wg is the dung input in kilogrammes and DM itls dry matter
content in~ % (20% in this calculation). _
Dung input W, and digester volume V are the two independent variables
that can be manipulated.
Congider the two situations:

2) If the availability of dung is unlimited, one would build the

smallest size of biogas plant that could deliver the required
daily volume of gas %say 2.8 m” at STP) at the lowest temperature

of operation.
If the plant can be maintained at or abovg 2500 throughout the
year, the maximum rate of gas production is:

4.5 x 107w kg(vs) '.day"! at R = days.
Applying formula (1): V = G
SO r rg
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b)

2.8 3
* T30 x 0.7 x 4.5 x 10

as 6.5 mo (minimum digester volume)

The amount of input would be:

F o= § = 260 litres/day
PSS o 260 x 130 _ .
and Wg = =10 =56 169 litres/day(169 kg/day)
If the plant can be maintained at 30°C throughout the year:
r = 6,75x 10-3 at R = 20 days when rg i3 maximum

V = 4.5m3, total input = 215 litres/day, dung = 140 kg/day,
If a retention time of 50 days is used r_ = 6 x 10~2: (30°%)
vV = 4.85m3, total input = 97 litres/day, dung = 63 kg.

Since the difference in the volume of the plant is not great, the
lower dung input would be prefered,.

If dung is limited, to say 60 kg/day, what is the minimum digester
volume required?

To meet a daily biogas requirement of 2,83 m3/day, at So = 130 kg.m'g
the calculation proceeds as in 2:

r = 2.8 ) 2.8 a3
g 130 x 0.1 x V T 130 x 0,74 x R x 92.3 x 10

= 231 L R,
Solving for R graphically gives:
3

at 250C R = 135 days and V = 135 x 92.3 x 1073 = 12.5 nJ;
at 30°¢ R 55 days and V = 55 x 92,3 x 10”7 = 5,1 m .

Therefore if the plant can.be maintained at 30°C all the year round,
a digeeter volume of 5.1 m” ig sufficient,

However, if only 25°C3can be maintained, the digester volume has to
be increased to 12.5m”. The lower the operating temperature, the
larger the digester volume has to be in order to deliver the required
volume of gas at limited availability of substrate.

Temp. Digester,Vol, ilags Dung Ret, Time Gas Output
)¢ (V§, " (ws), kg (R), days (¢) i
25 6.5 169 25 2.8
30 4.3 140 20 2.8
25 12.5 60 135 2.8
30 5.1 60 55 2.8

Table 3.4 Results of Calculations based on Model,

a. Substrate unlimiting - difester volume smallest and r_ maximum.
b. Substrate limiting (60kg gobar/day) g

3.21
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Appendix to Mg, 3.7
Por each temperature, the type of plants and the number of readings are given
in ascending order of duta polnts along the x-axis.

Tennorature
30,1°C Plant %yps cC & 3 ¢ T S8 T s €
No. readings 19 6 6 2L 19 23 25 13 12
Q.5 Plant type € T ¢ 8 8 8 s T T
Ho, readings 13 10 13 10 4 3 12 13 15
2.4, Plant type s T G ¢ S S
No., readings 2 18 o 7 28 2 2
20,3 Plant type s 5§ § € s ¢ &
No. Teaddngs 2 2 3 37 17 24 1

Tns codes are: S -~ Steel Drum
C — Concrete Doue
T — Tunnel
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Chapter 4, EXPERIMENTAL APPROACH TC B10OGAS 'TECHNOLOG: D. Fulfoxd

The initial biogas extension programne in Nepal was baszed on tne
Standard KVIC steel rdrum design of biogas plant (8SCaP). Several
design weaknesses were quickly discovered in the course of the
construction of the first 95 plants by DCS in 1974/5 for farmers 1in
the Terai region of the Lumbini zone of Nepal., The water table in

many places was high, so that the deep holes for the standard straight
plant were difficult to dig, as they kept filling with water. The
flexible plastic gas outlet pipe at tne top of the drum became orittle
after a few months in the strong sunlight and nad to be replaced
regularly. The steel gas drums started to corrode.

These design weaknesses were of the type that could only be discovered
by building a number of plants for customers and then making follow-up
visits to these customers afterwards. The replacement of the plastic
hose was only a real problem to farmers who lived in remoter areas and
had to spend time going to a town where a new piece could b2 purchased.
Such farmers also did not have the screwdrivers and spanners needed to
loosen the hose clips to change the hose. The depth of the straight
.8ign only became a problem where the water table was high, These

tWo weaknesses were reduced by modifyirg the design (see Volume I,
Chapter 2). The steel drum was also designed to use less steel and to
be lighter in weight.

These experiences set the pattern for the work of research and develop-
ment in DCS. Emphasis was laid on the field teating of new ideas in

a local setting, with local people. While there are many designs of
biogas plants available (ESCAP, Maramba, Pyle), very few designs will
worle well in the severe economic and environmental conditions in o
Nepal.

Follow-up

The first 95 biogas plants built by DCS were visited 3 times by DCS
research staff (Pinlay). Once the Gobar Gas Company was set up, their
field staff also made yearly follow-up visits to these plants. The
first visit was made soon after the last of these plants was completed.
It was discovered that 7 c¢f the 95 plants had cracks in the brickwork,
mainly due to poor backfilling behind the brick walls. These plants
were repaired and the masons taught to do backfilling more effectively.
9 of the 95 main gas valves, which were gate valves, were broken
because the farmei's tended %o turn them the wrong way. These broken
valves,were replaced and plug cocks were ordered for use in the future.
During these visits, any errors made by the owners in operating the
plants, such as feedinz with too little dung, were also noted and the
correct proceedures expliained to the farmers.

One major problem revealed “v all three follow-up visits, was that of
the corrosion of the steel gas drums. Poor quality steel had been used
in the manufacture of these drums and chlorinated rubber paint had oeen
used to protect them, 86 of these tanks were showing signs of corrosion
less than a year after they were installed. After the first follow~up
visit, all of the drums were cleaned and repainted with bit 1inous
paint (high build hlack). This reduced the rate of corrosion, but did
not eliminate it. )

Adaptive Research on Gas Storage Systems

Several attempts were made to develop a floating gas drum made from a
material other thun steel., A drum made from high density polyethylene
sheet (3 mm), hot air welded together, was made for DCS by a ccmpany
gi'illed in the process. The drur was damaged in transit, and cracked

again, while in use after being repaired., HDPE tends to flex when it
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so imat 3 F AWl L 30Ut 3 1 ! 2K04An1S, D02 L 2 tou -0 e o]
“re urum wag made by welding two sneets in difrerent vlanes togetner,
tne sheets cracxed as they attempted to flex in different directiong,
This drum was more expensive than steel. Znguiries about the cost of
drums made from zlass fibre tonded with polyester or epoxy resins
suggested that this type of drum wculd alsc be more expengive than 1a
steel one for a customer in ilepal.

Another approach was to use a floating drum made from ferrocement
(Raman, Fulford): a sand/cement mortar (25 ma tnick) reinforced with
wire mesh. The first design that was made: a hemispnerical gshape
(Pigure 4.1) proved to be the gtrongest and most successful. Other,
squarer shapes tended %o crack more ¢a3ily, especially near the
comers, where stresses are conceatrated. Cne very intveresting design,
which unfortunately did not work, used a trapezoidal gas container,
wnich was hinged at one end (Figure 4,2), I% proved difficult vo seal
the corners of the gas holder against leaks.

All ferrocenent gas holders were very heavy and difficult to transport
and to put in place. The first few were made in DCS and taken to site,
Shear legs and a chain holst were required to 1ift them over the
digester pits. Lifting and transporting these drums put severe strains
on ghe ferrocement walls and saveral cracked before they could bve
uged,

Another problem was the sealing of the inside of the cement gtructures
to make them gas tight. Cement plaster is slightly porous to biogas,
even when it is well made. The use of chlorinated rubber paint proved
ineffective, as it tended to flake off the surface when immersed in
the slurry. Epoxy paint did worlt, but it was ditficult to dry out the
cement plaster to the point that the paint would adhere to it. Also
the use of such paints, with strong smelling and toxic solvents, was
very difficult inr an enclosed space, such ag inside a gas drum,
Labecurers were quickly affected by the fumes and could work only for
short periods.

The alteriative designs of ges holders were made for farmers in the

, Angle Iron
Upper Guide pfm“e
Ferrocement
100f Gas Holder
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1
I
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Figure 4,1 4 Design of Hemispnerical Ferrocement Gas Holder.
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Figure 4.2 Hinged Trapizoidal Ferrocement Gas Holder.

field, The customer was told of the experimental nature of the design
and usually paid a reduced price for the plant., They were not at all
happy if the experimental design fziled, as most of them did. Usually
the ferrocement drum was replaced with one made from steel, at DCS
expense. 'In one place, « whole new conventional biogas plant had to
be built. In another place, the customer wanted his money back. One
of the hemispherical drums lasted 3 years, with yearly painting,
before it was replaced with a steel one.

Such en approach was not helpful %o the rcputation of biogas technology
in Nepal. Although new designs wust be fieid tested, they should be
first tested at a prototype level, before being offered to custcmers..
A test site was therefore set up, where futher prontotype designs of
biogas plant could be built and thoroughly tested before field tests
wWere started.

Displacement Type Biogas Plants

Alongside the attempts to make a floating gas holder from ferrccement,
consideration was algo given to the idea of a fixed gas storaze
volume and the use of the displacement principle (see Volume I, Chapter
3). One plant was built to the early Chinese design (McGarry), which
had a flat cover for the top. The cover also acted as the floor of the
slurry reservoir (Figure 4.3). This design gave many problems: the
slurry in the large reservoir tended to dry out in the sun, or became
diluted when it rained. The use of a plastic %ent over the reservoir
to protect the slurry proved unsuccessful. Local children and animals
very quickly destroyed the tent, The flat roof of the gas storage
volume was difficult to make gas tight. Iaternal gas pressure lifted
the roof slightly, so it flexed at the corners and cracked the cement
plaster geal,

The design of biogas plant that eventually proved successful when tested
by DCS, was based on the dome shaped displacement digesters, also
developed in China (SP1IBD, van Buren). The first was built of brick
masonry, including a brick dome, but it proved expensive (Pulford).

The use of a concrete dome cast in-place over a mud mould was adopted

as the §tandard DCS design (see Volume I, Chapter 3 for full technical
details).

The geal . z of the concrete continued to be a problem, Bitumen spread

over the wsurface of the dome tended to form pin holes, if the concrete
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FPigure 4.3 Flat Roofed Displacement Digester,

wag even sligntly damp. Eventually the idea of a plastic emulsion
vaint wag tested (Chen). Advice from paint manufacturers (Indofil)
suggested that acrylic paint was more stable than vinyl emulsion in

a damp atmosphere. A locally available acrylic emulsion paint has now
veen-used very succegsfully in over 550 dome type biogas plants. As
an emulsion in water, it does not give off strong smelling and toxic
fumes. It can be mixed into the cement plaster to give an impervious
seal and the concrete does not have to be dry before this plaster is
applied.

Pield Testing of Dome Plants,

Once the prototype dome plant worked on a test site, DCS was able to
make careful plans for the field tegting of this design, based on our
previous experience., 12 plants were used as test sample, built for
cugstomers in the Pokhara area. The customers were expected to pay a
market price for the new design, so as not to set a precedent for low
cost, subsidised plants in the area. However, DCS set agide a 100%
guarantee fund for each of these planta, so that failures could be

put right quickly, if they occured. Several members ¢ gtaff from the
Gobar Gas Company heiped in the building of these plants, so they could
be trained,

Two follow-up visits were made to these plants by research gtaff, as
well as the normal regular visits by the Gobar Cas Company extension
staff ¢(Shrestha, Devkota). The second visit also included 11 vlants
built by the Govar Gas Company on a normal commercial basis (with a
7% guarantee charge, paid by the customer). All the plants were working
well and there were no signs of leaking or cracking in the domes. The
major probDlems were leaking from the main gas valves, which were not
degsigned for the higher gas pressures from a displacement digester,
and occasional blockage of the gas outlet by slurry. In some plants,
the slurry seemed to be leaking through the digester, outlet and
reservoir walls, as it waa not overflowing from the plant in the same
volumes it was put in, While the plaster lining of the dome wasg gas
tight, due to the plastic emulsion, the plasgter lining of the other
parts of the plant was not watsr tight.

The problem of siurry blocking the gas outlet is related to the first
problem of gas leaks. If the dome is filled with gas each day, slurry

ig digplaced into the reservoir and overflows out of the plant. If gas
leaks mean that the dome is not full of gas, the plant can be overfilled
with slurry, allowing it to come out of the gas pipe. The gas outlet
Pipe was made larger and a removable cap fitted to the top, so the pipe



sould be cleared easily 1n later mocdeis, The las2] o ne - ur.y
Tfesarvolr rloor relative %o tie Top of The dome was also 1ltesed ..
later design drawings, so that the chance of the slurry level in tne
dome being too high was reduced. Work was also gtarted on the design
of biogas valves that would not leak at the pressures produced by
displacement digesters (see Volume I, Chapter 6):

The regular follow-up vigits by Gobar Gas Company staff algo pointed
out some other problems. Some of the dome plants built in one area
did not appear to store enough gas., One plant was emptied and the
irside of the dome measured and it proved to be the wrong shape. The
metal template, used to shape the mud mould, had been wrongly rlaced,
so the dome was too wide and flat. The template was redesigrned with
vertical and horizontal struts that could be checked against a plumb-
line or datum string,

The problem of slurry leaking through the plastered walls wasg repeated
in a few other places, mainly where the soil was sandy and porous., This
hag not fully been solved, although the use of a cement, lime (Calcium
Hydroxide) and sand mortar (1:1:3) should be erfective, Water Glass
(Sodium Silicate) could also be used in the plaster mix (McGarry).

Tunnel Plant Experiments

The tunnel plant design was inspired by work done at Cornell univeraity
(Hew York) on plug flow digesters (Jewell). These digesters were
supposed to be more efficient than mixed reactors and could use a
thicker slurry (up to 15% solids). One plant was built on a test site,
with a steel arched roof, divided into sections with baffles. The gas
produced in each section could be measured seperately. If it was found
that mosgt of the gas was produced in the middle part of the tunnel,

the total length of the tunnel could have been reduced,

The tunnel plant is not a plug flow reactor, as there ia horizontal
mixing as the slurry ia displaced by the gas stored or being used from
the gas storage volum- : 1ee Volume I, Chapter 4). The results of a
year's tests on this ¢...orimental tunnel plant and a dome plant on the
test site, indicate that both designs behave in the same way, when fed
8imilar amounts of feed (see Chapter 3). Biogas was produced along
most of the length of the tunnel, except near the inlet, where the
populations of bacteria were adjusting to the feed. A reascnable amount
of biogas was still being produced from the slurry coming into the
rﬁservoir, indicating that the tunnel should be made longer, not
shorter,

A second tunnel plant was built on the teat gite, to test the construct-~
ion techniques. Various methods for flxing the plastics sheet lining

to the gas storage volume were tested in this plant. The length of

thig test plant was too short for it to be used for gas production
tests. Also slurry leaked through the plastered walls, so it could

not be r:teined in the plant,

A test sample of 6 plants, built to a design based on these test site
results (see Volume I, Chapter 4), were constructed for cugtomers in
the Butwal area. DCS set aslde a 100% guarantee fund for each plant.
The roof sections were all made on the test site and transported to
the sites by rickshaw. One design weakness was digcovered: part of the
arched roof, which acted as a floor for the slurry reservoir, lifted
up under internal gas pressure. The use of a mass of weak concrete,
keyed into the side walls above these sections, supplied the necessary
counterweight,

All 6 tunnel plants appear to have worked well, with no leaks from the
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plastics lining. Starff of the Gubar Gzs Jompany, hode.er, GuesTLon the
commercial viability of the tunnel plant. If the roof sections are
made in a central place, they would be difficult to trangpori to 2
remote site. If they are made on site, a mason znd a helper would have
to spend several days casting them, before the construction of the
plant could be started. Company masons are also anxious that the
plastic lining could be easily punctured while they are putting it in
place. At present, the possible advantages of the tunnel design are
insufficient to warrent a change from the present emphasis on the dome
dedign, except in special circumstances.

Puture Directions

The work of development of the tunnel plant has suggested another
design of biogas plant that could nelp to fill a gap in *the present
range. The extended dome design (see Volume I, Chapter 14), which has
domed ends with a tunnel section in between, could be made in larger
sizes, up to EP95 (95 cu.m internal volume), producing about 20 cu.m
of gas a day from 600 kz of cattle dung (from 40 to 50 animals). A
smaller version of this extended dome design, also with the roof
section cast-in-place, could be used in positions where the soil was
too weak to support a dome plant, or where deep pits could not be dug
because the water table was too nigh.,

The staff of the Gobar Gas Company have been invloved in the approach
to research and development pioneered by DCS in Nepal and they will
continue to follow this approach in their own work.

Lessonsg Learned

Ideally, the development of a new design of appropriate technology,
such as a biogas plant, should follow a natural progress. Once the
requirements and specifications are defined, a prototype design can
be made and tested in a laboratory or on a test site. Modifications
are made to the prototype until it works well and can be produced
fairly easily. A limited number of units are then made and sold to
customers for field testing., The customers should pay a market price
Tor their unit, but finance must be available to provide proper
guarantees and protection to them. Close and careful follow=-up is
Tequired, with a quick response to repair or to make modifications
if failures occur, due to design faults or poor construction. This is
essential in order to keep people's confidence in the technology and
the extenaion organisation.

Once an effective design is complete, extvension staff must be trained
to make the units, so they can be sold on a comnercial basig. Close
cooperation between R & D staff and extension staff assists and gpeeds
up thiy operation. An over-emphasis on either side, on R & D or on
extension, can lead to weaknesses in the progress.
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Ch.5a  -. SXPERTMENPAL TKCHNIQUES M. Lau-long

5ad TOTAL GAS OUTPUT

The amount of gas produced daily Ly a2 oiogas plant can
be deduced if both thas volume »f the gas in the gas nolder
and the gas consumption ot the appliances are knowa, ‘I'ne
latter can be conveniently measured by commercial wet-type
gas meters, These meters operate at low gas pressures (leas
than 200mm W.C.) and therefore are suitable for steel drum
type plants. For the Cement Dome and the Tunnel Plants,
which operate at higher pressures, s pressure regulator can
be connected in series with the meter to prevent gas leakage
and inaccurate readings resulting from high pressure., ¢S
has made its owr design ol wet gas meterc that ~psrate st
Algher nragsures (see 701.2, ~h.5)

- Salculation of the Vnlume of Gas in the Gas Holder

1) Floating Steel Drum (see Fig. 5a.1)

Mrasursnsnts raquired;

1y = neight 6f =he steal drum above sluarry in the digester,

Tetres,
12 = gas pressura as indicated by water manometer, metre We

Piaut dimenwsiona requirel:
T = internal diameter -f sisal drun, cetre

Since the drum nas weirlii, the gas pressure inside is
above atmoapheris pressurs, And conaequeatly the slurry
level inside the drum is slightly lower than inat ~utaide.
Ihe differencs, 1., can ve measured witn a water nanomneter
connected Yo tue " zas nipe outlet., It is aszume] Laat

tne gpecific gravity ol the slurry is roughly enual %o
that of water, since the difference is less than 10%
(Table A.1).

Jolume of gas ¥ = X r2(11 * 12)
The univ of ¥V 72 ig cubdbic Tevie, m?

2) Cement Done (sae Pig. 5a.2)
It is leas straight forward to calculate the gas volumne
of masonry plants vuilt underground than for stesl 3ruwr
nlantz.
iimasuresents ranquired:

1, = gaa pregsure msasured vy water manometer, netre

14 = depth of slurzy in 2072Usntl ressmvoir, nebre

Plant di,sensicn= raguire.?

1z = Zepth nf t»e apar AF < a dome oo the s80il surface

3 L } f

Tetre

15 = rertical Zistsuce beiween Lhe socil surface and tne
adge o0 the 0 luent peamprvsir, metre.

i = oaliazr of the icus, metre,

Drae 1 dang nan b T vertli (
iﬁ%Ja;gis?igI;iugeicruS: .3: veriical distanca ortween
1;< 2ve t: "Jﬂd A8 At elury maface in tae digester,
. [ - . - 4 LY '
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11 = 12 + 14 - 15 - lq

Volume of gas V = T 1,°(R- 1,/3)
Onit of V in cubic werner

3) Tunnel Plant
All measuremeits ore sinilar to-that of the Cement Dome plact.

Urogm-sectional arsu, 4, u. oiae iwae sccunial Jd, 518 is

- 2 0\
A= R% cos™ {1 = 1,/R) - (R - 1,) (2814 - 1,7 )4
Since the plant s {ile eane cross-ssciicn alsag its
longitudinal axzin (length 1),

Volune of gan 7 = 1 » 8 (uaiv in cusic =etre)

Conversion to Standzarl lsiperaiurs and Prassurs { 307,

raly

for comparison of gsz aroduction at Al ferani LanTelracuie ALl
rraneure, it is necessary Lo use the sane standari o referencs,
such as the Standari Pemperature (25°C) and Pressure (1 2(mos-
rhere) or in driel 5P, One Atrospherd 1o equal o 17, TL7 getre
WC at 25°c, Asguming ideal gae law holds,

Pt Vt/ Tt = P,V1/ T1

Where the gubscript t denoies the 1P stats and the subserint -
3enotes the state of the gam in the gaa noldex., Pyy Vy, ¥4 can
be measured, P, = 10.%6% mWl, T_ = 2980k, Therefors, Lhe 317
voluae, V., car be easily caleculteted:

Vt = I'T”/PL (P1.b,‘/£1)

Total Output

It i3 best to measure the gas volume at certain fixed time
every day when the gas is not being used, Ihe STP volume, V
of the gas in the holder is measured and calculated as shown
above, Vt is used to mubtract the STP volume of thne previous
day (s2y ‘Vy_+). The amount of gas used by appliances (say Vg)
is obtaineé from the meter reading and converted to itz STP
value as well. Therefore,

Daily gas output « Vt - v

te1 R

iote that v, - V 4 can be negative. To get a reliatle astimate,
daily measuremen%i should de taken over a period of time, for
at least a week, during which variables like feed i.put,
temperature, and r=tention time are the sawe.

If a gas meter is not available i1o neasurs the gas consuwption
of appliances, a rough estimate of the gas production can be
obtained by meaasuring the gasz volume at the veginning and tae
end of an interval during which zas is nog used, For axample,
if the gas golume neasured at 8pm is 9.8w- and at 2am the gext
day is 7.9m”, The gae produced in tha 10 nour spa: is 1.1m~,

Therefore, in 24 houra, the gas production is roughly 2.6m3,

5-3
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54,2 GAS COMPOSITINN

Biogas comprises a variety of gases, lMethane is the wain
combustible component, varying from 50% to a high cf 80%.
The rezt is wainly carbon dioxide, with traces of hydrogen
sulphide which is corrosive,

The most accurate method for determining the gas compoaition
is by gas chromatography. A gas sample is passed through a
column packed with material with differeni affinities for the
different gas components. The couponenis are thum seperated
and emerge successively with the carrier gas, 4 detector is
located at the outlet of the column to measure the thysical
property ¢f the gases, The time and sequence in whirn they
emerge help to identify them, and the pezk areas iadicate their
concentiration, Two commonly ueed detectorz are thermzl con=-
ductivity and lame ionizatioa detectors.

The ORX5AT Apvaratusx

The CRSAT Appara.us is used for determiningtne percentags
of CCGp, 0, C0, aud I, in flue gas and furnace gus, it is
less expensive than gas chromatographs, wnor< simple to main-
t2in, and reasonatly accurate for measuring the composition
of biogas.

The Apparatus counsists of:

1) A 100ml1 measuring burette with watsr jackec, conrected to
a levelling oottle filled with an acidic solution (2M
i,50,, sulphuric acid) saturated with salt. This solution
prevgnta the absorption of water soluble and acidic gases.

7) Absorption pipeties with 2-way stop cock (see fig.Jad):
For the absorption of carbon dioxide, the solution reguired
is 6M sodium hydroxide (240g ¥aOH/1000m1 distilled wster),
Potassium hydroxide can be used instead but it is more
expensive,

Cxygen is absorbed by an al%aline pyrogallol solution

(10g pvrogallol/20ml distilled water and 19g HaOl/”0Oml

distilled water) prepared fresh every time,

3) Absooption pipette with spirals of copper wire:

Carbon monoxide, CO, is acsorbed in an awwoniacal cunrous

>nloride sclution. Since the preseuce of CO .e negligitle,
it is not measured.

4) Slow combuation tube, for ine determining of hydrogen Aand
methane. The tuve is fitted with a platinum spiral heated
with a maximum of 4.5V at the two terminals, )\ rheostat is
used to aljust the voltage and thus the tenvpsrzture of the
wire. The g=s volume inside the combustion tute is coatrolled
with a levelling resarveir of mercury. Sefore the snalysis,
the tube is [illed with mercury tc 2 fixel level,

Proceduras:

1) Leave the external contrcl tap open aund the taps of all
the pipettes and combustion tube closed,.

2) A gas sanple of 100ml is passed into the burette by lowering
the levelling bottles A tnat contains the acldic salt
solution. Note that before any reading is taken at the
burette, the meniccus ineide should ne adjusted to the
same level as that in the levelling bottle.
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3).The external conirol tan is closed and the 2-w>y tap of
the COo abmorption pipette is opened to a 'Y' position. The
levelling bottle A is raised until all the gas in the buratte
is bubbled through the scdium hydroxide solution in the
pipette. The scrubbed gas is ther nassed back .ntc the
burette and the reading is noted. This step im repeated % or
4 times until 2 consecutive readings are identical. Csll this
reading Cq.

4) The scrubbed gas is returned ic he absorvtion pipette. The
burette is flushed with z2ir several times by raising and
lowering the levelling bottle A,

5) 97wl of air ia passed into the burette, follow=d by 3ml of
residual gae. The mixture is then passed into the combustion
tube by raising inc lLevalling bottle A and lowering the
mercury bottle. Note thst the exploeive limit of air-methane
nixture is 5-15% methane., It is important that not more than
3ml of gas (to be on the mafe side) is allowed to mix with
air or else explosion may occur.

6) Switch dn the battery and adjust the rheostat until the
platinum wire glows red, Maintain this for 2 minutes. As
reaction occurs, water vapor forms and condensee on the
glans of the cusmbistion tube,

7) The reduction in vclune 7 after combustion is measursd at the
burette, and the carbon dioxide formed (C,) is determined as
described in step (?). B

Calculatiorn s
During combustion, methane and hydrogen react with oxygen
in the following reactions:

CHy + 20, -3 022 + 2H,04

X 2x
2H, + 92 - 2Ho0¢
y £y

X and y are the number of moles or volumes of the gases as
indicated.

Reduction in volume after combustion = ¥V = 2x + 1%y ...e.(1)
Since x = volume of CO0p in the gas afier comobustion=Coml
The volume of hydrogen, y al, can be foun? from (1) above,
therefore, y = (V- 2x)2/3 o1

In the original gaa, the composjticn is:
Carbon dioxide = C,%
Methane (x ml in 3 m1 residual gas before combustion)
=0y .
3; (100 - ¢y %

Hydrogen (y Bl in 3 xl residual gas defore combusticn)

= (V - 2%)(100 - ¢,)2/9 %
The sum of theme three g;see may not add up to 100%. The
difference, which is usually smzll, is nitrogen or other inert
gases,
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Electronic vay Aralyaer

This is =z portatle device for estinating the wethane content
in natural gas ané <or cneckiug gas leaks, Ihe orinciple nehiad
Ngter use ol tne Jiffersnt Shermal conductivities of methanc ia
the gample cell and air in the comparison cell. Since the gas
analyser has been cal-ovrated for nethane-air wixtures, it is
not suitable for determining the composition o2 bicogaa which
cotprize carbon dioxide arg aydrogen., The thermal conductivity
of the former is lower than trat of methane while that of the
latter wmuch higher, With 0oaly methane and :>arbon dioxide in
the sample ga=, cne can recalibrate the analyser with mixturces
of varying cocposition of wethane and carvson dioxide. However,
hydrogen is likely to ye rresent, and since it has a high themmal
conductivity, a low bercentags can affect tae reading signifi-
cantly. Zecalioration is inpemeible since there 1s more than
cane unknown (hydrogen and caronsn dioxicde) invelved,

Measurement of hyidrogen sulrhiie
% P

Hydroger. sulphide is accurately detemmined by gas chrowato-
graphy. An inexpensive metnod for estimating its conceatration
is the use of lead acetate paper. Il cannot be datermined by
ORSAT because of its minute arour.t, and il a lead acetate solu-
tion is wmade, it reacts with carbon dioxide aw well forwing a
white pracipitate of lead caroonate.

Lead acetate reacts with hydrogen aulphide to ftorm lead
aulphide, a dark brown precipitate. Strips of filter paper
are soaked in lead acetate molution (11.1% wt,./vol) and dried.
The strip of paper is then guspended in a bottle and a fized
volune of gas (1 litre) is passed througu it, The paper darkeus
and its intensity is a rough :ndication of the parcentage of
hydrogen sulpaide in <che gas.(House, 1978).
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Ja.3 QUANTITY AND COMPOSITION OF INPUT

The feed or input invariably containa 3 certain azount of
noiature, Ites wet weight, W,, can be easily mezsured by a
spring bulance or acale.

The dry matter, %4, or solids content is obtained by drying
samples overnight in 2 forced convectign oven (oven fitted with
a fan for drawing moisture out) at 100%¢C. A higher temperature
will cause evaporation of volatile solids auch as Fatty acids,
and the meagured weight will be less than the actual one. Por
good sampling techniques, see Van Soest (1978),

Glass crucibles or beakers can be used for holding the
sample. Since they reabmorb woisture once outside the oven,
they =hould te cooled down in a dessicator before weighing.
Another reuson for cooling ingide a desmicater is because
welghing hot objects with a cold balance will add to the
inaccuracy. If an electronic balance is available, weighing
san be done more expedienily and the not weighing nethod is
preferred, thus obviating tne ueed for cooling in a dessicator.
{Van So=mt, 1978),

A dessicator can be made witn an air-tight tin with a thick
layer of silica gel at the bottow. ,.n indicator of cooalt
sulphate can be mixed witn the silica gel, The blue cobalt
sulphate crystals turn pird when hydratéd witn water., When
the pink colour apvears, tne silica gel should be regenerated
by heating at 1509C for several nours until tne tlue colour
returns,

When the samples are cooled to roow temperature, they
should be weigned juickly iw the balance, Iriplicate or at
leaat duplicate samples should bDe nade to give reliable results.

Volatile solids .

Volatille snlids or organic matter can be me¢asured by ashing
tae oven dried wample ir a furnace at 590°C for 3 nours. The
ash that remained is weighed in the manner described above,

It is 1norganic watter sucn as silica or chemical salts,

Calculation:
l“oisture content =(1 - wq/%,) 100%
Solide content or dry matter =(Wg/#,) 100% = f4

Volatile solids or organic watter =(1 - Wy/dg) 100%
{(as percent of dry natter,

Nhere:
ww = wet weight of sample
"y - dry weight
Wy = weight of asi

water to gobar ratio

Having determined tue dry aatter content f,; of the feed,
the amount of water required (I,) to make a siurry of a
depired woisture content can be calculaved.
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Moisture content in slurry = My = LW /(W + M)
The amount of water required is therefore
My = £ ww/ Mg = ¥y

Moigsture content of gobar

In Nepal, the ccumon feecdstock is gobar ( cow or buffalo
dungh Since the moisture content of gobar variss with the
climate, it is impossible to give workavle recommendations of
the water-dung ratio unless the moisture content of gobar is
known,

In the Terai (southern lowlands), the dry msatier increases
from about 15% during the monsoon tc 304 during the hot dry
season from March to June. To maintein the same moisture
conten¢ in the input alurry, the umount of water required
during the hot dry season should therefore be twize that during
the wonsoon.

Other workers havs dons evparinents to correlate the solids
ccatent Witn the spaciric gravity reading on a hydrometer
(Idani, et. al. 1974). If the correlation is high, plant
operators can be taught to add water to tne feed until the
desired reading is reached., However, in practics, we observed
that the responme oI the hydrometar became erratiz beyond 8%
s0lids content, because of the presence of particulats matter
in the slurry.

Since specific gravity increases with the s0lidscontent,
another metnod to determine the latter is by measuring the
weight of a known volume of slurry, 3ince a large variation in
wolids content only brings about a swall change in gpecific
gravity (Tablc5k1{, the weight nas to be measurel fairly accu-
rately and would not be practical in a village mituation.

Tabledai: The gpecific gravity of slurry of different solids

content
Sample Specifie Solids content
Gobar Vater gravity %
39,25g (750l1), no water 1,15 24.2
zame 62.5ml 0.99 14,2
same 120 ml C. 10.37
same 125 nl 0.27 3.0

After Zefscation, the animal dung 1s exposed 2 she
1tmosphere and loses water at 2 rate depending o environ-
mental factors such as the humidity, Temperature, and raine-
fall, Thus, oae¢ can probably preiict the solida content oy
knowing these climatic iriicotors, To inveetigave this
nypothesis, the molids content of buffalo jag (leas tnan
one day old) was determine. twice weekly from duplicate
sampleg over a period of 20 wosthe in Buiwa.. jor correlation,
climatic data were ccllectsd from a nearoy meterenlogical
station (Tableh’a?).



Table #a2: Dry Matter Content of Gobar and Climatic Data of
Butwal

Month Gobar dry- Relative Humidity (H) Tenperature (7) Rainfall
migﬁer, % 8:30 17:3C Mean % Max Min ie=n (R), um
¢

aa%9.6 43.7 12,2 40.0 31,2 18.5 2,.3 26
4 253 51.4 49.5 50.5 34.0 22.4 28.2 45
5 18.9 58.5 51.9 59.2 5.0 24.4 23,1 110
) 15,1 63.2 54.6 58.5 37.2 20.7 32,0 345
7 1507 8‘5-5 79-4 51-5 33.4 25-9 29-7 1101
8 16.1 82.0 81.6 81.8 3%.1 25.9 29.5 1090
9 16.8 5.4 718.8 7.1 32.7 24.9 28.8 487
10 20.1 5.9 66.9 06,4 31.8 21.7 22.0 9
11 20,2 61.1 Ta7 64.4 28,4 17,8 231 34
12 22.9 61.7 68.7 65.2 25,9 14,1 20,0 O

Year 1332

1 24.4 bl.d Bd.H S 29,6 14,0 1.4 i6
2 27.0 70.4 59.7 05,1 24,4 13,2 18.8 2
3 28.1 58.5 52.0 h56.3 23.1 21.7 25.4 83
4 25.1 50.5 37.6 44.0 35.5 72.8 29,2 139
5 2%2.3 46.4 38.4 42.4 25,2 a3 31,50 47
v 18.3 21.0 72.6 76.8 Zhod 20.% 24,9 547
7 14.5 E1.4 75,5 73,4 4.0 25,7 25.8 033.5
3 14.5 To.7 ot M. 3.0 Zu.3 9.8 513
9 14 .6 78.0 77.5 77.8 52,0 24,2 28.1 426.,%
10 16.9 b4.3 b7.4 65.9 31.6 21,3 26.8 14

Using the above data, the correlation .coefficienta, C, were
calculated for all the -~ouwbinations of any two of the four
variables: gobar dry-matter (Y), relative humidity (H),
temperature (T), and rainfall (R). 411 togetner, there are
8ix correlation coefficiente, and their values are given

below:
C§YR3 = -0.685 C(YH) = -0.762 C(YT) = -0,533
C(RH) = 0,734 C(RT) = 0.501 C{HT) = 0.04b

The correlation between Y and any of the three climatic
variablesis quite appreciable. The correlation between H and
T is low, therefore these two variables must be included in
tne regreasion equation for the prediction ot Y. The correla-
tion between R and H and between R and T are botn quite
appreciablas, so if tne acdition of R does not add much
accuracy to the prediction, it can be omitted from the
equation for the sake of simplicity. The test of the signifi-
cance of R ia shown delow,

From graphs, Y can be shown to re inversely linear to T,
and roughly proportional to 1/d and to R. » regresaion equation
for Y im thus obtained with ine three climatic variables.

A -7 .
Y = 23.1% 4+ 3,51 x 1077R + 1267.01/H - 0.,8837T
r?=0.87, 1r=0.93
The overall correlation coefficient, r, is nigh, being 0,93,
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T-test ahowed that both 1/H and T are significant beyond 0.1%,
but R is only significant at the 10 to 20% level and is
thercfore not as important as H or T,

If R is nnitted, the regression equation becomes:

¥ = 23.29 + 1033.82/H - 0.7126 T

r?- 0.85, £ = 0.92

Since the overall correlation coefficient r decreases by
only 0.01 (from 0.9% to 0.92), it is safe to omit R in the
equation,

Thus for prediction of the dry-matter of dung, we can usge:
Y= 23,3 + 1034/H-C.71T

According to climatic records, there is no appreciable
variation in the average wonthly teaperature and relative
hunidity over the lamst ten years, This equation is thus
anplicable in the Terai and places with similar climate.
Extrapolation for Xathwandu which has a temperate climate
has resulted in prediction of a wide error margin. Howevar,
thiz method can be applied for different climate and animal
species provided that the appropriate data are known. Our
experiments showed that the dry watter content of buffalo

and cattle are similar, but that of the horse is higher
(Table 3),

Table 5a3: Dry-matter content of animal dung in Kathmandu

Species Month Dry-matter, 4
Horse Nov 28,2

Dec - 2646
Cattle Dec 15.4
Buffalo Dec 15.1

Measurenent of NPX

The fertilizer value of dung and effluent slurry can be
?eaugred in terms of nitrogen, phosgphorus, and potassium
NPK).

Amoonia and organic nitrogen are determined by Total Kjsldahl
nethod (Perrin, 1953),

For the determination of phosphate, volumetric or calorimetric
methods can be used (Standard Methods, 1955). Potassium can
be determined by flame photometric method (Wander, 1942).

The details of thess= procedures will not be presented here,
3ince these are standard methods with numerous references,

5.1
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Ch, 5 METHODS OF MEASURLNG GAS PRODUCTION PARAMETERS D. Fulford

Use of Gas Meters

Many different types of gas meter are available commercially, but most
seem to be affected by the corrosive gases in biogas. A simple'bellows
type domestic gas meter was used by DCS, but the tinplate housings

and the steel movement quickly becam2 rusty and made the meter unusable.
A wet type gas meter, with a rotary movement, was purchased, which hag
worked better. The brass counter movement of this meter, too, was
affected by a slight leakage of biogag from the main shaft seal. It
became covered in a black deposit (lead sulphide?) which interfered
with its operation. The rotor, which was also made of brass, could not
be inspected to see if it also was affected. If the rotor was held
together with golder, which has a high lead content, it could be
attacked by biogas, over time, resulting in degradation of the solder.

The wet type gas meter i~ desiymned to ve an accurate laboratory toonl,
but there are limitatjons on its use, It ig designed to work with low
£as pressures, 150 to 200 mm WG, When the DCS meter was used with gas
fror a fdome plant, » solder seal at tne back cracked. The normal wet

type meters tend to be expensive, but not very robust.

It wag decided in DS o design a version of the wet type meter that
would not be corroded 0y piogas and could also take the higher pressures
frem iisvlacement dirmesters, Thie type of meter uses a rotor that has

4 seperate chambers in 11 {Figure 5.2). Gas enters the first chamber

(1) from a central gas inlev pipe, and water isg displaced out of thg
~hamber into the body of the meter., The oppogite chamber (3), then has
More water in it, g0 is heavier and the rotor rotates under this
imbalance of weignt, Water then enters this chamber (3), through a
central water bassageway, displacing gas into the upper half of the
meter body and into the gas outlet pipe. If the rotor is made carefully,
80 no gas can leak between chambers, the meter will accurately measgure
the volume of gas that passes through it, :

DCS Plastie Gas Meter

The DCS metcr (Figure 5.3) was made of acrylic plastic (Perspex, Plexi-
glass), which can be solvent welded using chlorororm. The accuracy of
this meter did not have to be very high, so the tolerances on the
dimensions were not tight. The main bearings were made of nylon, which
ig self-lubricating, especially if immersed in water. Allowance had to
be made for the nylon swelling when it absorbs water. The gealing of

& rotating shaft through the walls of the meter proved difficult, so

@ magnetic drive for a revolution counter was chosen instead.

Acrylic plastic sheet can be goftened by warming it to the correct
temperature, so it can be moulded to shape, If it is made too hot, the
gurface will tend to bubble and craze,

The curved walls of the rotor compartients are made ! ing

of Boftened Plastic (2 mm) between two shaped form: ggdglgﬁlagoghesgsn
the ;heets €o0l, they vemain in the correct shape. Two acrylic sﬁeets
Can 0e welded by holding then together and running chloroform between
them w1th a brush or dropper. Chloroform is very volatije 80 the
Joint drieg quickly, It is also strong smelling ang toxic, 80 it
ghoulq be used in % wel} ventilated place. 4 glue can be éade by
Hissolv1ng small piecgs “f acrylie olastic in 4 bottle of chloroform
Oles should be fillec oy Spreading on several thin layersg of this '

glue, as a thj k tpe : X
that'can leakfc layer tends to trap air bubbles, which leave holes
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Figure 5.5 Mechanism of a Wet Type Rotary Gas Meter,

The body of the meter was originally made as a square box, but the
corners tended tc crack under internal gas pressure. A cylindrical
body was designed, using a long (2 mm) sheet of plastic, which had
been heated and wrapped around a cylindrical mould, and fitted into
a2 circular groove cut in the side pieces (6 mm thick). The strain of
the gas pressure on the flat sides of the box is taken by 5 steel
bolts that run the widtn of the meter.

The meters were calibrated, using air from a small compressor, against
an accurate comnercial meter, The volume of gas passed for each
rotation of the rotor proved tc be smaller than calculated, so was not
an integral number of litres. A slight difference in the level of
water in the body can nave a larpge effect on the calibration. The
water level that engured the rotor ran smoothly without leaks proved
to be higher than exactly half-way up the rotor. A line was scribed on
the side pieces to indicate the correct water level. The meter must be
carefully leveled by placing wedges under the corners, until the water
surface inside the transparent sides meets these lines at all pointa.

Some of these meters were used in field trials of dome plants and secem=
ed to work reasonably well. They were not completely reliable, as the
counter sometimes missed count. The counter arm was mide longer, to
increase the torque or the counter mechanism. A better type of counter
wag 2lso found. These improvements are shown in Figure 5.3), This type
of meter is useful for experimental work, but it is not relaible or
robust enough for commeicial use.
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Measurement of Slurry Temperature

The yglurry temperature was measured in DCS by removing a sample of
slurry in a device made for the purpose (Figure 5.6). The shape of the
device enabled it to be passed down the inlet or outlet pipes of a
drum plant, so the temperature at the bottom of the digester pit

could be measured. One experimental drum was made that had 4,114 mm OD
pipes running the whole height of the drum, closed off at the top with
screw caps. Using theee pipes and by rotating the drum to different
positions, slurry samples could be removed from almost any part of the
digester pit. . mercury-in-glass thermometer was used to measure the

temperature of the samples.

Later DCS was able to purchase a recording thetmograph, with two bulb
type temperature elements, snd a dial type max-min soil thermometer,
Both were fitted with one bulb that had a 5 m length of armoured
capillary connecting it to the read-out unit, The temperature at any
point inside a biogas plant could be measured by pushing the bulb to
that point. The second bulb of the thermograph was mounted on the oasge
so that the ambient temperature could also be measured. The chart
recorder on the thermograph was driven by a clockwork motor, so it
did not need an electrical supply. These instruments allowed us to
measure the daily variation of temperature, both within and outside a
biogas plant,

Measurement of Slurry pH

A set of pH papers was used to measure the slurry pH. A strip of paper
is soaked in a solution of indicator, that changes colour when placed
in a liquid of a particular pH. By selecting indicators, the whole
range of pH can be measured to an accuracy of about +0.5 pH. Suech a
set of pH papers are available commercially.

ICS was later able to purchase a pH meter, which could read to +0,05
pt directly from a scale. It was run on batteries, so was portable

and it was fairly robust.
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Enhancement of Bingas Production in Cold Climate M.Lnu-ang

The Temperature Constraint

Biogas technology would have enjoyed a much wider acceptance

and applicability had it not been limited by a natural constrainti =-
temperature., As the biogas microflora it sensitive to temperature
changes, a decrease in fermentation temperature induces a
concomitant reduction in gas production. The onset of winter in
subtropical and temperate regions often requires the use of an
alternate back-up fuel wnen production of biogas diminishes.

Below 15°C, degradation of the substrale proceeds extremely slowly,
demanding a longer retention time of the substrate than at a
nigher temperature. In regions ueset by severe winterz, like
Liaoning in Cnina, bi1ogas plants cperate only during the six warmer
months of the year; in winter, pas production ceases altogether

(Eggeling and Stephen, 1981).

T.. contrast to aerohic mesophilic processes in which cooling is
often necessary, anearobic digestion generates much less heat -~
about 7 times less for the decomposition of glucose,

Free energy, AF, kcal/mol
Anaerobic C6H1206 - BCH4+ 3CO2 -102

Aerobic C6H12O6 - 6CO2+ H20 -688

The small amount of heat generated from biogas process readily
dissipates to the surrounding in the winter time, and gas plants
should therefore be insulated or heated by external sources.
Most gas plants are heated to operate at mesopholic temperatures
(30 - 35°C). Although higher fermentation rates are obtained
at the thermophilic range (55 - 65°C) (Hamilton Standard, 1978;
Zoetemeyer, et al, 1979), a thermophilic process is not
economically viable, especially for small household plants in
temperate regions.

Heating the digester with the generated gas has been practised

in some big operations. In one case, however, propane gas was
used to supplement ihe biogas and as fuel for the pilot light of
the boiler for reliat:lity (Jewell, et al, 1981). PFrom economical
and practical considerotiong, this system is not feasible for
small-size plants (3 to 'Om” digester volume); and alternatives
that require low capital cost, m~intenance and labour should be
explored. In the following sections some of these methods along
with experimental trials will be discussed.
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6,2 Insulation

Temperature gradient of the eartn

Since bicgas plants are buil* at or under yround level, an understanding
of how heat flows in the earth is essential to designing for low
temneratures. From mining experience, it is well-known that temperatures
increase with depth in the interior o7 tne earth. Many deep-drill

holes nave neen made to measure this neal Tiux, alsc known as

geothermal gradient, It was found to vary between 109C to 50°C per km
on land (Carslaw and .aeger, 1359). ne temperature protfile near the
surface, however, 1is more complicated, A3 land near the surfccee is
expoged to diurnal anu seasonal variations of intensity ol 1nsoiction
(solar radiation), its tempersture fluccuates accocdingly and heat can
flow either in or out depending on ihe time of the day or year., During
daytime, the so0il surface is warmed LY insolation, wnile at night the
absorbed heat reradiates back into gpace, the heat loss being more on

a clear night, Ihis diurnal fluctiuwation of soil temperature vivtually
vanishes below one metr: (Russel, 197%), and thus exervs little

influence on the internal temperature 57 = sublLerranean biogas plant.

In contrast, seasonal variation of temperature has a more profound effect
on the performance eon b.ogas plants, In equatorial regions, seasonal
fluctuation almost ceases at a soil depth of one metre, but in

temperate regions, it diminishes oniy below 6 to & metres (Hoimes, 1964).

Apparently, one plausible solution to the problem of heat loss in

winter 13 to build plants at a deptn where the temperature is fairly
constant and agreeable to the microflora. But this may require
excavation to below 10 to 15 metre which is a difficult if not imposgible
taslk. The existing plant designs also need to be modified for
adaptation to the greater depth. To circumvent this, a plant can be
built not far below the surface with removable insulation installed

above the plant in winter, This not only avoids deep excavation but

also allows quick penetration of ingvlation and heat when the cold season
is over, simply by removing o insulating layer..

FPigure 6.1 depitcts a typical set of winter isotherms of the soil in
Kathmandu, Nepal. As heat flux vectors are verpendicular to the
isotherms, they flow upwards and finally emerge normal to the earth's
surface. In tne absence of heating or insulation, there is little

net flow of heat horizontally across the digester to the surrounding
s0il. However, with insulation above the plant, the isotherms are
distorted as shown in Pig. 6.2, The heat flux vectors are deflected
oideways from the walls of the plant before emerging at the earth
surface. It is therefore crucial to insulate the plant well at the top
surface rather than at the sides, although ideally, it shculd be done
at both places. Insulation oniy at the surface has another advantage.
I1f the plant is insulated at the sides, moisture entrapped in the
insulating material is difficult to remove and a wet insulator
automatically loses its insulating capacity. Whereas surface
insulation are relatively easy *o dry under tne sun. Wet ground also
loses more heat.
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Insulating with local materials

Plastics and fiore glass are good insulators but their prghipltlve
pricee and unavailability in some places render them unsuitable.
Local materials should therefore be explored as alternatives.

Cereal straws, rice husks, saw dust and shavings are good insulating
materials when dry (Table 6.1). Their thermal conductivities are
23 times lower than that of soil and comparable to that of typical
insulators,

Straws and corn (maize) stovers are particularly abund~nt at _
harvest time, They can be erected in stacks above the plant with
sloping gides, The slope enables rain and condensates to run off
leaving the insulation dry.

Table 6.1 Thermal Conductivities of Materials
(Adapted from Weast and Astle, 1979)
Material Thermal Conductivity, W/M°C

Concrete 1.0
Soil (fairly dry) 1.4
Saturated soil 2.4

Saw dust (loose) 0.06

Shavings (loose) 0.06

Insulators: Sugar cane fibre 0.05

Insulite (Wood pulp) 0.05

Glass wool 0.04

Plastic Cover Over Insulation

Plastic sheets like polyethylane can be used as a cover over
insulating materials to reduce the amount of material required,

As light penetrates the plastic, it is transformed into the longer
heat waves or {nfrared. The heat enhances evaporation of moisture
from the insulating material and ground below. Being trapped by
the plastic, this moisture condenses as a film of water droplets on
the undersurface of the plastic and acts as a barrier to radiation
losses of the accumulated heat inside.

Vegetation

Vegetation such as grass or mulches has a blanketing effect that
reduces both the diurnal and seasonal fluctuations of soil temperature,
It reduces penetration of frost in winter, and like insulation,

enables the s0il to cool down more slowly in cold season than bare
soil, Soil with a turf cover is warmer in water than bare soil,
However, vegetation alone is inadequate in maintaining a reasonable
operating temperature in winter.



6.% Comparison of the Hffects of Composting and Insulation

To evaluate the effectiveness of composting and insulation in
inereasing digester temperature in winter, experiments were

conducted on three dome-type plants on private premiges in Kathmandu.
(Lau-Wong,  1982). Kathmandu Valley is at an elevation of 1324m.

In winter, temperatures never fall ocelow freezing dbut early morning
rrost is common and a cold damp fop envelops the Valley and rarely
clears away before 10 am.

i 15mj dome plant (S) was 1nitiallv insulated with rice straw
sandwiched Delween two plastic gheels at the end of September;

put rotting of the straw one montn later prompted its conversion into
2 compost pile. (Methods for Construction is given in Vol.I,Ch.10).
Even at sub-zero temperatures, compost can generate significant
amount of heat from aerobic decomposition of organic matters. The
compost pile ,0.7 to 0.8m high, covergd an area of 5 x 5.5m° on the
Jsround above the plant, Another 15m” piaut (3) which nad = 15 to
20cm grass cover was used as control., A 10m? dome plant (X) was
insulated at the ground surface with rice straw in 1 -ce Movember,

Iv was 2m high and sloping teo ©.3m at the periphery. A polyethylene
gheet covered the siraw and was held down loosely at the sides with
pricks, A haystack of 5m height and width was built in mid~January.

The areas ol the compost and insulation were distinguished into
4 quadronts. Temperatures were measured at different locationsg at
each quadrant daily by rotation, thus ensuring a more even sampling,

Tavle 6.2 ghowed that installations of compost, straw insgulation,

and haystack effectively increased diurnal fluctuations of ground
surface temperature, The ground was shielded from ingolation, but
heat loss from the interior was also abated. Compost showed the best
performance because of internal heat generation, although the large

sample standard diviation indicates ununiform decomnosition in this case,

Table 6.2 Influence of compogt, haystack, and straw insulation
on ground temperature {(Jan.25 to March 13, 1982)

o]

Temperature ~C
Minimum Maximum

Compost T S n T S n

4.1 3.5 3% 23.5 6.6 37
Haystack ¥ 4 10.4 1.5 9 13.8 2.3 9
Straw with Plastic (k) 6,6 2.5 99 24.7 5.3 99
Soil Surface ¥ 2 0.3 - - - - -
Ambieat  Temp: X 3 3.9 - - 19.5 = -

Note: "1, Temperatures measured 1 to 1.5m ingide haystack
near ground surface,

2. Minimum of bare soil surface (Janua.y).

3. Source: Kathmandu Airport Meteorciogical Station (HMG)

4. S and n are the sample standard deviation and number
of observations respectively.

5. Diurnal fluctuation ig given by the difference

between Maximum and Minimum.
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"'hese temperatures were plotted in Fig. 6.3. The slurry temperatures
of a steel-drum plant on one of the site was also included,. Being
congtructed zbove ground, the steel-drum plant responded more quickly
to temperature drop in the envirnnment, Whereas for dome-type pnlants,
there was a greater lag since the cooling effect takes time to
penetrate below ground level; daily fluctuations of slurry temperature
were less (usually within 0.5°C), gnd the .verage temperature of an
uninsulated dome plant was about 3°C higher than that of a steel-drum
type. insulation effected a higher temper: ire in dome plants in
mid-November than other plants which either acquived no ingulation or
delayed insul: tion, After the siraw insulation was converted into
compost, the generated heat continued to maintain plant S at a higher

temperature,

Higher gas production per kg dried input showed that the compost method
ig effective (Fig. 6.4). Gas production for the plant with compost (S)
decreased in December since composting was done in late October, but
remained fairly constant thereafter. In contrast, that of the
uninsulated plant (B) decreased sharply in December with some fluctuations
until March when preduction increased in response to increasing ambient
temperature. Because of the insulaiing eflfect of the compost, the
onset of warmer weather in March still had no influence on plant S,

The increase in gas production due to composiing was shown by dotted
lines in Pig., 6.4. It rose from abcut 20% in November to a high of
82% in Pebruary, with an average increase of 54% from Movember to Marcn,

6.4 Solar Heating

Location of plant

The selection of plant site has a tremendous influence on the amount of
insolation it receives. In the northern hemisphere, a gouth facing
glope ig generally warmer than a horizontal surface which in turn is
warmer than a northern slope. The plant should therefore be constructed
without obstructions, especially on the south side.

Solar Heating of Influent

Pagsive solar heating of influent at the inlet can be used as an
inexpensive means of heat input into the plant. Since radiation can
only penetrate a small distance in slurry, the depth of the slurry in
the inlet pit should be shallow. This is achieved by building
ghallower inlet pit of lamer surface area. This also allows more
expssure to insolation since the side walls are lower in height,

To prevent heat loss by forced convection (or wind) and back radiation,
the inlet pit should be covered by a transparent material, such as
plastic or glass. Plasgtic is preferred since it is easier and cheaper
to replace when broken. Condensation on the under surface of the cover
also helps to trap heat by preventing some back radiation loss.

Experiments were performed in Butwal, Nepal, tu determine -

1) the effect of plastic cover
2) the optimal retentior time of slurry in the inlet pit
3) the depth of penetration of solar radiation.

Having determined the latter, the inlets could be modified by making
them shallower but with a larger surface area.

|
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On an cvercast day, exposing influent in the inlet pitv witnout
plastic cover nardly increased the bulk slurry temperature. With
plastic z2over, only a modest increase is achieved. On a clear day
when both direct and diffuge radiation are incident, the effect on
influent temperature was conglderable, especially when plastic cover

was used.

It was evident from Pig. 6.5 that irradiation had little effect on
slurry below a depth of 12.%c¢m while it penetrated 2.5cm zelew the
surface easily. Although enlarging the inlet would decrease the
slurry depth and increase its bulk temperature, the larger area .
(4 times the original) and amount of building materials and plastic
required call for a compromising alternative. A 7.5cm s}urry depth
was chosen, One inlet was modified to a square of 1.6Y9m° and with
its height reduced to 0.15m, just high enough to prevent overflowing
of slurry during mixing. Another inlet was made almost circular -
an ellipse of axes 1.44 and 1.50m, witn the same surface area and
height as the furmer. Both inlets were covered with polyethylene
sheets when mixing of slurry was compleied,

Before modification of the inlets, the side walls otstiructed much of
the isolation, especially in early morning and late afternoon when
solar altitude is lower and irradiation weaker, At 4 pm only a small
fraction wasg under direct sunlight. The fraction under shadow had a
lower temperature than that under the sun.

The influent temveratures for the modified elliptical and square
inlets were depicted in PFig. 6.6 and 6.7, They were a maximum
between 2 and 3 pm. The average bulk temperature T, at 2pm was
calculated by integrating the corresponding area on the graphs.

X = 705
T.dx /7.5 -

=
1

x =0

Where T is the slurry temperature at depth x, which varies from
0 to 7.5cm. The values of T were tabulated below, and their
increases over mixing water temperature,oTw, were considerable,
being 8 to 9°C on a clear day and 4 to 5°C on an overcast day.

Table 6.3 Increagse of Average Bulk Temperature of Slurry (T) over

that of mixing water (Tw) at 2 pm for modified inlets.

Tempgrature CLEAR DAY CVERCAST DAY
C
Square |Elliptical |Square |Elliptical
T (Slurry) 28.3 29.7 25.4 24.7
Tw (Mixing water) 19.7 20.8 19.0 20.0
T - Tw 8.6 J.1 4.4 4.7
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Por testing the durability of the polyethylene sneets (O,Jomm thick),
they were lefl in the fields even when not in use. IExcent for some
lacerations during handling (mainly at the joints), they surfered no
apparent damage from ultraviolet rays in one winter season, Thege
sheets sustained more damage than they would normally have since the

sheets had to be 1i fted hourly for tem eraturg measurements, At
present, one of the polyethylene sheet (2 x 2m“, O,0bmm tnick)
costs 10-15 Rs., therefore, the cost for winter nesting 14 about

50 Rs. (US §4),

Similar experiments were perforsed in Kathmandu with tne same results.
50lar heating of influgnt under plastic 1ncvea38d the ntluent
temperature by about 9°C on a clear day and 4.57°C on = cloudy day
over that of mixing water, both in the Terai (Butwal 20z} and 1in
Kathmandu (1324m),

Desipgn for nilly areas

Hillv areas with south Zacing slopes can ve exploited uy nuilding
pluants in the slope, 4 solar collector at a lower level is
connected to a neat excnanger inside the plant (Fig. ©.5). Heated
water in the btlack H.D.P. pipes in the collecter panel rises and
circulation is established as it is cooled at the heat exchanger
inside the digester. The plant should be insulated well tc preserve
the heat inside. In especially cold climate the solar collector
musl be insulated from f{rost and freezing tlemperature by straw or
other appropriate materials. Otherwise ‘rozer water in the pipes can

expand and crack the pipes,

This system can also ve applied at level ground, As the solar
collector is situated above the digester, a circulation pump has to
be installed ‘o drive the warm water down to the heat exchanger.

Other Pagsive Designsg

Erecting green house over biogas plant is another possibility though
notv widely practised. This method is feasible only if growing plants
inside green house is an acceptable practice of that area. The green
house should not be made of plastic films which has a high trans-
mittance to infrared and permit much back radiation at night, Glasgs
is the material of choice though it is more costly. In cold climate,
heat loss can be reduced by half if double glass is used instead of

single (Andersson, 1977).

Additional srlar radiation can be abgorbed by building a thermal
storage wall ingide the green house (U.5.D,E., 1978). It can be
made of blackened masonry material and can form the side wall of
plug flow plant. As radiation hits the blackened surface. The
heat in the concrete is conducted slowly inwards, facilitated by
convec<ion of digester slurry on the other side,

6.5 Utilization of Waste Heat from Engines

In Nepal, the concept of utilizing biogas to run engines for irrigation,
rice hulling, and flour milling is gradually gaining acceptance,
especially among owners of community plants and large sized plants.,
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The engines used are mainly diesel eugines converted to running on a
mixture of diesel and hiopas by tne addition of a carburettor that
mixes biogas with air. The consumption of dilogas 13 C.4 T 0,45 m-
per hour. The engines can ve installed with an air-cooling or
water-cooling system. If water is used, the warmed wabter can be
further heated at a heat axchanger with the engine evhaugt gas,

It then enters tne digester through another single coil heal exchanger.

eat Exchanger

(&

a

L2

Water-Exhaus

A double-pipe cow.rer-flow exchanger was desipgned for ine cooling
vater-axhaust gas system (Fig, 6,9)., It i3 easy to fabricate and
costs about 400 Rs. NC (US§ 33%) for materials and labour, Exhuaust
gas enters the zentvral G.[. pipe before emerging from Lhe exhaust at
the other end. Water from the engine enters the shell at the cooler
end and flow 1n opposite direction to the exhaust gas, This type of
Tlow, zalled -=cunter cvrrent or counter f{low, results iu higher neat
1

qldu) “er e parallel {low desipn. In case of foulin (devcoiting
of srcale in v1xv~), the efficiency of heat transfer diminishes and
1he exchanger should be dismantled and oleaned tnoroughly.

19 the anount of ~ecling water Tlowilny, through tne engine 15 nore than
required for une heat excnanger, the rlow can te restrictved ty two
valves at the water inle- end., 1n this way, different {low rates

were adjusted when tne axuhang@r was tested on a 8 H.P. engine, and
the cvorrespondin, stealy state Lewmperatures L HETE recorded. The inlet
water temperature =% the exchanger was 28, 5°C., The outlet water
temperature wac plotied wgainst the woter flow rate (Pig. 6.10).

A punp for circulating water turougb tne neat exchanger is necessary
#hen the engine is used for nulling and milling, but no* when pumping
water. Heated water Irom the exchanger enters the plant via H.D.E. pip
which in turn is connected to a single coil ingide the digester

(Pig. 6.11). The whole assemoly costs about 900 Re. (USg 70). To
prevent heat loss, the exchanger sznd pipe fittings should ve insulated
wrapping in dry dute bags worxed well.

The overall heat transfer cgefficient for the coil and digester slurry
was egtimated to be 170 w/m”C with fouling (Perry and Chilton, 1973),
and the lenglh of r~o0il required is 11m (Lau-Wong, 1982).

If ambient temperature is 2OOC, the plant can pe maintained at

23 to 24% by heat geperated from the engine 1f run € hours daily.

But trhis requires 12m” gas for a 5 H,P. engine and a digester operating
temperature of 28 to *07C. It is therefore essential to apply
insulation or solar heating of influent as an extra source =f heat,

G5 %
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6.6  LPPENDIX

Hept lopr Cﬁlcuhtiggg -
Heot loss from steel drum plant (34 o’ digoster volume)
411 lengdks are in meters:

de = 0.23 SEcTion
dm =’0-m25 '
1y = 0,70 .
12 = 0435 TITTT777 1
14 = 1,15 3
15 = 1.05
r; = 1,40 4
ra = 1,868
Ty = 2,34 ’ 1
s I'l
L

Let g4 (i = 1 to 5) bo t:e hent loss from vexious sections of the
Plant.
Ty = air tempernturs

TS = digester opercting tempersture
Uj = overall hoat transfer coefficient ab different sections
X = depth of soil
Heat trpnafor coeffioieni: W/ m? ¢
Gan to steel drum, hay 19
Steel drum to eir, Iy, 20
Slurry to concroto, hge 581.5
Concrele to air, hgy 23.3
Soil to eir, hgy 5.8
Thermsl Conductivity W mc
Concrote, kg 1.3
. %teel, ky 100
S0il, kg 1.4
lssumptiionss

1, The metal drum is hgli—wny above the slurry and the remeining helf
has no effect on heat transfer.

2¢ Insolation and rediation losses from tho plent are negligiblo,

3o Hent flux in tho moil traverse vertically upwasds,

SRR

"L./Vb



Eont loss from soction 1 is given by the equetdons
4 =Uj 44 (Tg-Ty ) °
Section 1:
/U, = M/ + /gy ¢ 1y, .
Substituting the oorresponding values, Uy e 6,67 1/n2%
41 = Lree of the 0sod top and side of the drum = 12,32 p2
91 = Uy 4; (g - ;ﬁ = 82,17 (Te= 1, ) J/s

Section 2;
1N, = 1/hgg “iofko + /g,

Log moan velue, 4G, cen bo used instoad of oy
T - ry 1n ( Tofry) W10Te Ty = outside rediug
5 r{ = inside rediug

42 = 3,44
A2 = 16449 (Tg -1y ) I/3

S/O{;uon 3 EE

1/U3" = 1/hg; & /kg 4 x

3 SC

Us = 1/ (0.1766 + 0.714'.’-::)/ks
JU3 (Tg -1, )aa

1
=f03 u3 (Ts.. rA) 2771-2 dx

i

93

= 25,46 (15 - TA) J/s

Section 4:
U4 = Uy

dA = my (r2+r?x)dx
vhore m = 2p 4"+ (1.3 - rz)... /14 = Tol5
my = (r:, - Ty )/l‘;_ = 0,54

= (1
%4 504 % (15 . ) By (r; + mzag) ax

33.94 (T5 -1y J/s

i

Section 5:

=1
15 fOS G5 (Toqy ) 2Nz, ax
= 33.98 (T; =Ty ) J/s

9 = heat required for aoeting daily intluont of 500 kg,
= 500 x 4184 x (Ts =T ) J/dey = 24,22 (Tg =T)) 7/s
assuming specific hont of slurry to beo 4184 J'/kg c

Total hoet losg x Q .ué 1y = 216426 (Ts - TA) I/

Q is the uppoer bound for hogt loss since thm peth of hont flux in the
80il wes taken verticelly instond of being doflestod sideveys as shown
in Pig, 2,2,2, Thig mekos X smaller and subsocuently U; and 9 larger,

620



Calculation for tho length of_ singlo-tubs hopt exchanger cpil in digogter

The dimensions of tho tubo aroc
Outor diemotor ¢ 0.035m
Inside diemotoxr : 0,031lm

Let w, = wvater flov rcte
L = length of coil
¢, = hort capsoity for wator = 4134 J/kg C
U = ovcrell heat irnnsfer coefficiont
ro = outer radius

Considoring an infinobosimnl section &: of tho tutes

On the wator side, 40 = Wy, c  dT,

For hect transfer; dQ = = U 2ffr, (TW -TS) ax

U 2fr, (T, ~ Tg ) dx = v o dT,
Integrrnting:

(1 ~2)/ (T, - 1)) = Ue2fx, L/ W, o)
where Tid. and Tuo are .the inlet and outlot temperaturce of wntod
in the coil rognostiveoly,

If v, = 1e2 I/min = 0,02 kg/s , T; = 70°0 from Pige 3e3e2

Hoet transforred from the wator te tho slurry,
9y =¥, o, (Tyg = T,, ) = 8268 (0 ~T

Prom Appondix 5.1:

If T, = 20°C, hoet loss @ = 216,26 (Tg —~ 20) J/s .
For = Q, and T > Ts y Ty was found %to bo 24°C and T to be 2846C,

Using these valuos in oquation (1) emad U, = 170 }f'/m2 c,
Ln (7024 ) = 1707 x 0,035 x L / 0,02 x 4184
28 4

giving ¢ vnluo of L = lo«3m

@n
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Chapter 7, SHAPE AND STRUCTURE OF BIOGAS PLANTS D. Fulierd

The shape of a biogas plant, as well as the way in which it i{s built,
determines its strength .and whether it 18 able to stand up to thne
siresses placed npon t, Iu general, the cirecle is the shape 1n which
slressges are most evealy Jdistributed, 30 biogas plarts are usually
designed teo be cylindrical ar partly spnerical in shape.

Wnen a oiogas plant is being designed and drawn up, tne internal
volumes of these shapes and the quantities of materials required to
build tnem need to be calculatec. Mhe stresses on the different parts
of tne dipgester need to D¢ assessed tu ensure the design is strong
enough, The equations given velow shnould enable these calculations to
be made for most designs of biopas plant.

E Steel "rum Biogas Plant - 3ize and Shape

The simplest shape of biogas plant is tnat of the straigit steel drum
digester pit (Pigure 7.1), It is a verical cylinder with internal

diameter: D1 , and external diameter: D, uand height: H.

The internal volume (Vi) ie then:

T .2
Vi = 7 01.H
I'ne volume oI the brickwork (Vb) is given by:
ST 2 (02 - b7 .1
Vo = ge(Dpete + (D) - DY),

where t. is the thickness of the floor.,

If the thickness of the walls is: t,» the total area of the brickwork
in the walls (Ab) is:

Ay = ﬂ.(D1 + T, ) H Vbais then given Ly:

vD = Aget, o+ ?.(D1 + 2.tw) teow
favle 7.1 gives the number of bricks aud volume of mortar to be used
for different brick walla, in terms of both brickwork volume and
surface area.

The taper type of steel drum diogas plant has a slightly more complex

1
'
i
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Figure 7,1 2he Shape of a Straight Type Steel Drum Biogas Plant
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Type of Wall (mm) i m2 Area Cor*ains: 1 mo Volume Contains:
Bricks Mortar (1)] Bricks Mortar (1)
Side Laid ( 70) 35 7 500 100
¥ Brick (120) A 11 500 150
1 Brick (240) 120 46 500 195
1% Brick (360; 1850 53 500 230
2 Drick (480 240 110 500 230
Mass Brick - - 500 230

Table 7.1 Quantities of Bricks and Mortar in Brick Walls

shape (see Figure 71.?). It has two cyclindrical sections (ID: 0, 4ndg “3'
0D: D, and D4, heightg: Hy and HB)' connected ny a truncated cone

of height’: H2. The

The internal volume (Vl) is then:
I .
Vi = E'(D1'H1 + D

-~

M 2 1 Tl ] h;
.d3 + (D1 + J) + D1J3).%?) .

L2 ILN

The volume of the odrickwork (Vb) is:

.7 S22y 7 2y
Vb = Z'(D4'°f + (9 - J1).J1 + (D4 - 1)3).11.5 +
2 2 .2 e . H
|._‘ S "ot o il
()? . SHE a3+ by9, J3U1).5?) .

1f the thickness of the walls is: : y the area o! brickwork in tne
wallg (Ab) is:

Ap = tt.((D1 + t).H1 + (D3 + t).H3 + (D1 + D3 + Et).g?) H
Vy = At +1T45,(u3 " 2t)2.tf .
Example 7.1
The volumes of the SD200 straight and taper plants can be found from
their dimensions (see Volume I, Cnapter 2).
§D200 Straignt Plant (Voiume I, Figure 2.4, Table, 2.2)
D, (E) = 2 000; D, (H) = 2 4¥0; H (A) = 4 030,

V. =
1

lb =

X 2.02 x 4,63 = 14,54 m3. (= 3.9.159)

2

x (2.48° x 0,12 + (2.48° - 2.0%) x 4.63) « 8.40 m3,

>~

}

F’——_—-UM

Fipgure 7.2 Tne 3Shape nf 1 Taper vpe 3teel Drum Biopas Plant



Mortar Mix (1 1it) Cement (kg) Sand (1it) Water (1it)
1:1 1.00 0.70 0,0¢
1:2 0.68 0.94 0.20
1:53 0.51 1,05 0.20
t1:d 0.4C 1,10 0.20
1:6 0.28 1.17 0.20
1:8 0.22 1.22 0.20
Table 7.2 Quantities of ‘‘ement, Sand and Water in 1 Litre of Mortar
(CAT).
ol
Ay = T X (2.0 + 0,24) x 4.6% = 32,04 ", so:
2 3
Vo = 32.58 x 0.24 + 3 x 2.457 % 0,17 = H.40 w7,

SD20C laper Plant (Volume 1, Figure 2.3, lavle 2.%)

D, (E) = 2 000; up - 2 440; Dy (6) = 7 9005 9, (i) = 3 300,
Hy (B) = 1270; H, (C) = 210; H,y (D) = 310; L = 240,
Vl = % X ﬂ 2.02 X 1.27 + 2.9? x 0.1 + (?.O? + ?.)2 + 2.0 x 2.9)
x 0.91/3) 3
. = 14,34 m”.
v, = §x (3.36° x 0,17 4 (2.48% - 2.07) x 1.27 4 (3.36° = 2.9°) x 0.0
+ (2.482 = 2,02 4 3.36% = 2,97 4 3.3 x 2.43 - 2.0 x 2.0)x0.91/3
= 7.07 m°.
Ay = T x (2.24 x 1.27 & 3,14 x 0,91 + (2.0 + 2.9 + 0.48) x 0.,31/2
= 25.60 m2.
V, = 25.60 x 0.24 + ¥ x 3.14% x 0.12
= 7.07 mo.

The volume of bricks and mortar required for the iaputl pit, pipe supporti
and slurry outlet must be added to the above figures to obtain the

total material quantities that are required to build this digester

pit,

Figure 7.3 Tne Snape of a1 Concrete lome Biogas Plant.
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‘Je = 2.“.H1.(R1 + tc)-tc .
These calculations do not allow for the extra thickening of the dome
in the region of the collar. The volume of concrete in the collar (Ge)
can be found by taking the area (A ) of the extra thickness 1n one

half of the cross section (the “shaded area in Figure 7.o) and the
radius of tne centre of vravity (G) of this aren (Ru):

b = LR .

:e 2.1 Ke Ae

For the LCS designs of dome plant, an approximation may be madg by
doubling the volume o! concrete in the spherical part of tre shell,

to allow for this thickening.
The internal volume of the lower spherical sepgueni can bLe round uUsing

L..e :Love forwula, with the appropriate internal radius (R, - Lw) nd
height (i, - v, where t  is the thickness o! the cemenl nlaster),
The interéal volume ot the digester pit (V.), without tne pas storage
dome is this volume, plus thne volume of the tPuncated cone (ibs: Dy =ty
and D, - t, and heignt: H,)e
n 2 ,
Vi = g.((HB - tw)?.(3(R2 - tw)o- (H3 - LW) + W
D, - - D, - < D, - D, -t L0
((J1 t“) + (J? LW) + ()1 Lw)(J? tw))-[.).

Since tne plaéter layer over the inside ol ine digester pit is Tairly
thin, (30 mm), the voltme of plaster (V“) can ve found by calculating
the gur:ace area of the digester pit (A;) and muliiplying by t

- Al
N 121_.*2;222/“3 . Qﬁ-_%l ) and:

Ai ﬂ.(?.ﬁ2.H3
Vp = Ai'tw .

The volume of plaster ugsed to seal the dome (VF) is:s

vg = 2.11.:{1.(111 - tc).tg )
Where tg is the thickness of tie plaster layer,

Tne total volume of the biopas plant (Vt) is then:

Vt = Vi + Gi .

The Working Volume of the plant is defined as:

o)

Figure 7.,¢ Yolume of Conerete 1n Jollar of Dome.

2.5 -



Vw. Vl+g"1 )
as the gas storage dome isg not always full of slurry. In practice, the
working volume depends on the cycle of gas production and uaage, If
more gas is stored tor longer 1u the £a8 storage dome, the working

volume is reduced.
Example 7,2

The volume of the Cp20 biogas plant can be found from its dimensions
(Volume II, Pigure 3.2, Table 3.2);

Hy = 920; b, = 4 oco; R, = 2 300; t, = 80; Hy = Tby;

H,5 = 375, :)2 = % 8300; R2 = 2 500; t, = 30.
b= 5% 0,207 x (3 x 2.8 - 0.u4)
- 7/
= 5.586 m> .
Vo= T x (6.845% x (3 x 2.47 - 0 $45)
i =3 ¢ (0.945 x (3 x 2, - 0.t + o
2 2 N o 0.735
(3.97° + 3.77° + 3.97 3.77) x ~r=)
==14,14% u;j.
Vi = 16145 4 5506 = 19,731 w3 (fe. 20 o3,
Ve = 140105 4 5.506/2 = 1,335 mo

The materials Quuntities are given by;
Gc =2t x 2.92 x 2.88 x 0.08
v 1,332 m? .
The total volume of concrete in the dome is then 2 x Gc:
= 2.664 m° (1e.2.7 n3),
I'ne area or plaster in the digester pit is:
A4= U x (2 x 2.5 x 0,875 + 3.9 x JO.616 + 0,01 )
23.440 m? |
S0 the volume of plaster is;
V, = 23.440 x 2.030 = 0.703 m3,

H

The volume of plaster (with acrylic emulsion) to geal the dome is:
Vg = 2 ¥ 2.8 x 0.84 x 0.011 = 0.162 n,

f
H
" { ]
R) H,
W C ' ] _
[ D,

Figure 7.6 The Shape of a Tunnel Blogas Plant,



x4
(ie. 0.12 m3 of 1:2 plaster with 2% paint + 0.04 m§ cement With 4% paint).

The volume of cement in the collar can be found more accurately by
caleulating the area of ahape! ABC in Pigure 7.5:

A

ires of Priaugle: A0C = J3.(8 - oA).(s - 0C).(8 - V)
)

= /3.5% « 0,65 ¥ N30 ¢ 2,53
2 1.42Y mf,
where S = %.(OA + 0C ¢« aU), the half-perimeter.
The angle: 40C is given by: \ren = %. 04 ¥ OC x sin(aABu), so:
ADC = ain™ (2 x 1,425 ) = 150 v
irea of Segment AOB = % x 0A° x ACC (rads) = % R l;ﬁﬁg' X rt
= 1,312 mp

Area of A3C w 1,429 - 1,312 = 0,115 7,

o
I'ne centre of gravity (G) lies % 6f tne jrdatance vetween tne top of
stape, woint: & and the mid- mid-porat of tne base, line: BC,
in-

The radius of this noint from the vertical axis of tnhe spherical
segmeni, line: OP i1s: 1.9Y4% m, s0

D= 2L x 1,945 x 0,113 = 1L m3.

Tne toial volume of concrete in tne rooi of tne plant 13 tnen:
o= 1,332 4 1,381 = 2.T13 w0

1.3 Tunnel Biogas Plant - Size and Shape

The gas storage volume of a tunnel biogas plant is a segment of a
cylinder lying norizontally (Figure 7.6). The internal volume of this
tunrel is found by multiplyins the cross-sectional area (A_) by the
Tenren (7 g
lenpin (L),
b= %.R;.(za - sin2@),
where: 26 is the angle, in radians, subtended by the circular arc,

radius: R, , at its centre.

1
Gi = Ag.L .
The concrete in one roof piece (g. ), wnich covers one half of tne
width of the tunnel and is of length: 1 1is:
1 2 2
g, = 7 ((R, +t)° - R{).6.1 .

The extra thickness at the edges can bpe aliowed for, by adding 12%
onto this figure. The total volume of concrete in the roof (GC) is:

L
G = 1. 4 L= .
c 1.12 x 2 ¥ gc X I

There are two types of iigester pit, or trench (Volume I, Chapter 4),
lined with either brick maisonry or cement plaster. The internal volume
of tne bricek-lined trench (Vi) is:

Vo= DRyl

where: D? and H? are the widtns ani height of the trench.

The volume of tne brick walls (Vb) is

vy, = (2.H?.tw + (u? + 2.tw).tf).L .

where: t_ and ty  .re the thickness of the wallse and floor, Z/

- 2,7
"7 q)b



11 tne outlet pit and the end walls ars included:
= (2, Hyot,, + (D, + 2.t ).t ) B + (n + Hy 4 tf) (v + 2.8, ). 2t,,
where: B is the total 1ength of the brick trough

The internal volume of the cement lined trench (Vi), which has a
trapezoidal section, is:

v, o= ’ H(Hy = 1) (Dy 4 D)L

and the volume of the cement plaater.
Vo = (D4 2ut 4 2, /A0 D)7 (Hy + t )2 )Lt
If the outlet pit and the plaster on the end walls are included:
(D, + Z 2
Vp = (D2 + 2, t + 2 ¢/ 1-7—~2 + (H + t ) ). B, +
T.(4, + Hp)o(Dy 4 Dy)ue

Example 7.3

Ihe Volume of the TP10 blogas plant can be found from its dimensions
(Volume I, Pigures 4.1 and 4, 2, Table 4.2):

R1 = 600; . D1 = 1 130; H1 = 400; L (A) = 9 000; t. = 40;

B = 9 600. .
For the brick lined trencn: L, = 120; D2 = D1; H2 = 800; tf = 70,

For the plaster lined trench: tp = 30; D2 = 800; H2 = 800,

From the geometry of a clircular segment \see above and Figure 7.4):
8 = cos'1(1 - §1) = (1 - ) = 70° 310 . 1.231 rads.

1
G, = % x 0.6% x (2 x 1.231 - gin 2.462) X 9.0

2.970 m>

"

B, = % % (0.64% - 0.62) x 1.231 x 0.5
= 0.0153 m> or 0.,0171 m3 y 1f allowance is made ror the ends.
G, = 0.0171 x 2 « 2:Q

0.616 m3.
For the brick lined trench:
Vi = 1,13 x 3.8 x 9.0
= 8,136 m”,
and the total volume of brickwork in the trench is: )
Vp = (2 x 0.8 x 0,12 + 1.37 x 0.07) x 9.6 + 2 x 1.27 x 1.37 x 0,12
= 3,181 m3 .

Extra bricks are useg to hold the tunnel covers in place, as well as
for the inlet plt and reservoir. Evira concrete is used for hoth the
curved and flat covers for the reservoir.

i

For the cement plaster lined trench:

Vi = 3 X 0.8 x (1.13 4 0.8) x 9.0
6.948 m>
and the total volume of cement plaster is:

i

7.8 G



s /22 + 0.689 ) x 9.6 x 0.03 + 1.2 x 1,93 x 0,0
V= (0.86 + 2 x /240204 0.689 ) ¥ 9.6 x 0.03 + 1.2 x 1,93 3

= 1.050 o> ,
Agair, allowance must also be made for the bricks used in thig design,
as well as tne extra concrete for the reservoir covers.
The total internal volume for the two types of tunnel plan' are:

Vt = 8.13%30 + 2,970 11,106 m° for the brick lined trench, and

Vi = 6,948 + 2,970 = 9,918 m” for the plaster lined trench,
The working volume is defined as:
Vw = 8,136 + 2.970/2 = 9,621 m° for the brick lined trench, and

Y = 6.948 + 2.970/2 = 8.433 n” for the plaster lined trencn.

7.4 Inlet Pits and Reservoirs

Moat of the inlet pits and slurry reservoirs used in these deaigna of
biogas plant are of redangular shape, so the intermal volume (Vr) is:

V.= 5,.8,.G

r 17720 o
where: S, and S, are the length and breadin of the pit and G1 is
the deptﬂ_of " slurry in the pit.

The volume of brickwqrk in tne walls (Vb) around a rectangular pit is:
Vy = 2.(51 + S, 4 2.tw).u2.tw ,
where tw is the thickness of the walls and G? tne height,

Most other shapes in a biogas plant can be broken-into.rectangular or
triangular areas, to allow these volumes to be calculated.

7.5 Stresses on a Biogas Plant

The lining of a digester pit is not desgigned to take mucn stress; its
mair function is to act a8 a barrier %o stop the slurry leaking from

the nit. For brick lined digesters, careful backfilling of the spaces
between the brick walls and the uncut earth ensures that the hydraulic
Pressures from the maasg of slurry in the pit are absorbed by the mass

of earth around the walls. A brick wall can withstand very little tension
stress. The main stress on this brick wall, then, is thne welght of the
rest or the wall above,

The plaster l1ining used in the dome and in one type of tunnel plant,is
also ouly a barrier angd cannot taxe any stress. It must be applied to
Smooth, undisturbed earth, which must resist the pressures on the
cement,

The psrt ot a bicias plant that does have to withstand stress is the
concrete roof of 2 dome type plant and the arched roof of a tunnel plant.,
These must be designed so that all the gtress comes in compression,

which concrete, and also trick masonry, can withstand.

If the thickuess of a circular concrete shell is small compared with

the radius of the ¢ircle, and the shell is uniformly loaded, the strains
¥ithin the concretz can be ignored, and the shell treated as if it were
a membrane, As the roof of a dome or tutinel plant is almost 1
metre uncerground, the layer of earth above it should spread any live
load above it (eg. a buffalo ftanding on top) uniformly over the whole
area of the roof, The analysis below '3y not valid rfor point or non-
uniform loads.

7.6 Stress Analysis for an Arch

Taking a section of civcular arch (7.7), subtending an angle: 2¢ at the

A7)
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Figure 7.7 rorces Acting on a Cylindrical Arch.

centre, the membrane theory can be applied if the thickness (t) is.much
less than the radius (R) of the arc, so that nigher terms of t ( tj) can
be ignored.

The stresses on u length: L of this arch are caused by the weight of
the arch itself (M_),, the weight of tnhe earth on top of it (M,) and any
live load on tou or that (M,). The mass of earth of depth:" H above

the centre cof the arch is:
i (2.(H+ (R + t).(1 - cosg)).(R + t).sing -

! %.(R + t)2.(2¢ - sinzd)).pe.L
(2.(H + R + t).sing - %.(R + t).(8in2¢g + 2¢)).pe.L.(R +t),

being a rectangular solid less the volume enclosed Ly the nutside
of the arch.

The mass of concrete in the arch is:
Ms = pC.(R + t).é.t.L .

L]

The total mass on top of the arch (M) is then:

M = Mw + Ms + Ml .

The force (P = M.g) due to this mass, can be resolved into horizontal
(Fh) and tangential (Ft) components at each edge of the section:
F F

"h= tan g Fe = 5ing
The horizontal force (F, ) effectively acts as a force "pushing" the
two halves ot the arch together and is resisted by a strain in the
top of the arch (fh):

F
fy = 0%
The tangential force (F_) acts outwards from the edges of the section,

over the area of the codcrete at the edges, producing a strain (f,) in
. . . t
each edge:

F
Iy = 33t

Taking all these equations together:
£ {(2.p (H+ R+ t).oing - %o (R + t)(sin2g + 24) + g.t.p.)
h ™ = P o

L.t.tan
x (R+ t).L + Mi)eg




((2.p .(H + R + t).9ind - ¥p o(R + t)(8in2g + 2¢) + g.t.p )
Ty = 255 5. T.%.s10f ¢
e x (R + t).L + Ml).g
These strains are essentially independant of length (taking the live

load as per unit length), so the tunnel plant can be built to any
length, without causing any structural problems,

Example 7.4
The gtresses on the arched roof of a tunnel plant can be found from its
dimensions (see Example 7.3 above):

R (R,) = 600; t =40; H=900; 4= 70° 31' = 1.231 rads.
Pne density of earth (Pe) ig: 1.8 x 10"6 kg/mmj;

¥
the density of concrete (pp) ig: 2.2 x 107° kg/mm3;
d !
The acceleration due to gravity (g) is: 9.81 m/sec”.
Ignoring the live load, the force downwards on 1 metre section of tunnel

is: 6

F o= ((2 x 1540 x 9in1.231 = % x 640 x (sin?2.402 + 2.462)" x 1.8 x 10~
+ 1,231 x 40 x 2.2 x 10_6) X 640 x 1000 x .51

= 22,317 N/ metre length.

Sa: T = 22,317 0 197 W e . . .
So: Iy = Tp55 7 40 ¥ TART 23T ° 0.197 &/mn” or MPascals, and:

£, = 02,317 = 0.296 N/wm’ or
© TX000 % 40 x sinT.zif = 0-296 H/wm® or MPa.

If the valueg of the horizontal andotangential strains are checked over
the range cof angles from O to 707, it is found that the horizontal
strain reaches a maximum of 0.516 N/mm“, at small gngles. The tangential
strain is maximum at the above point, where 4 = 70  31'. The value for
both strainsg is always positive, over this range of angles, indicating
that the strains are always compressive,
Placing a live load of 700 kg, spread over 2 m of lengtn (simulating a
large buffalo standing on tops:

P o= 22,317 + 192 x 9.81 = 25,751 ¥/ metre length and:

£ = 0.228 N/mm? and: £, = G342 N/mm> .

Even putting a 1.5 tonne tractor on top, straddling 2.5 m of plant:
< 29
F = 28,203 N/m; £ = 0.249 N/mm®; £, = 0.374 N/mm®.

Since the compressive gtrength of concrete should be at least 10 N/mmz,
(CAI) the concrete roof pieces of a tunnel plant are aasily strong
enough to withstand this level of uniform loading, In practice, the roof
pieces are far more likely to be broken while being transported or put
in place, by sudden non-uniform loads, such as being dropped on one
correr,

7.7 Stress Analysis for a Dome

A gection of spherical shell (Figure 7.9) which subtends an angle: 24
at the centre, can be analysed by the membrane theory if the thickness
of the shell (t) is much less than the radius (R) of the sprere.

The mass of earth (Mw) of depth: H at the centre, on top of the dome
segment, is found by  taking a cylinder, of depth: H + H, and subtracting
the volume enclosed by the outside of the sphere : (V = ﬂ.H?.(R - %1) )

7.1 ~1;bﬂ
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Figure 7.4 Forces acting on a Jome Segment,

= po . ((R + t)2.31n2¢ (H+ (R + t)(1 - cosd))
- (R st 2((1 - cosd)? - 3.(1 - cosd)?))
= pe.ﬂ.(R + t) +((H + R + t).sin é
- (R + t). (— -~ cosd(1 - sin d) + %.cos3ﬁ))
= oot (R + £)? .((H + R+ t).sing + (R + t), (cos3d - 1))

The mass of the shell itself (W ) is:

2 2
My = 3 Pt (R + 1)2 - 3" (1 - cosd) (V= £.R%.H,)
= 2.p, TRt (R + t),(1 - cosgd) (ignoring terms in t3).
The force on the spherical shell is then:
= (M, + Mg + My).g and the horizontal and vertical
components are:
I ) K
Fp = tang and:  Fy = sing *
The horizontal force acts over an arch of the shell, of area:
hy = 20t(R+ t).g 80:

P
h s -
The tangential force Acls over tne area (A ) 1t the edge of the dome:
. F
A, = =
“t 2.T. (R + t).t.sing , fy = 2.n.t.(R + t).sing

Taking all these equations togetner:
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fh L lp ‘%.(R + t).((H + R + t).gin"g + %.(H + t)(cosjé - 1))

t.d.tang + poR.t.(1 -~ cosd)).k
fy = LBeL%-(R + tJY(H + R + t)sin2¢ + ;-(H 1 9)(0083¢ = 1))
- 2 ’
t.a1n“gd + PeeRot (1 - cosg)

Example 7.5
The stresses on the dome of a CP20 biogas plant can be found from itg
dimensions (see Example 7.2 above):

R (R,) = 2 800; H=800; t=-80; D, = 4 000;

g = sin'1(2§1) = sin'1(§—%Lg—§) = 45° 35t o 0,740 radg,
1 ot

Ignoring live loads, the force downwards on tne wholr of the dome is:
1 2

P o= 2uat.x 9.81 x 2880 x((2889 4 3860 x (sin0.736)2 4 T x 2380° x

ol
<

z
((c080.796)7 - 1)) x 1.8 x 1070 . 2800 x 0 ¥ (1 - ¢os0.796) x

2.2 x 1079)
= 352,174 1.
) 352,174 PSR-
fn = TXT0 x PAB0 X 0.705 % Tan0.Tge  © 0 ¥/m® or mpa,
f, = 222,174 o) = D,470 H/me or iPa.

2 x 2880 x B0 X (8in0.796)¢
ITf tie values of the horizgntal aad tangential strains are checked over
the range of angles frop 0" to 45°, it is fgund that the horizontal
strain is maximum at 20°, being: 1.078 N/mm. The tangential strain is
maximum at the above position, ie. 45° 35', Both strains are always
positive, over the above range of angles, so the gtrain is always
compregsive,

Putting a 1.5 tonne tractor on top of the Aome:
F o= 352,174 + 1,500 x 2.81 = %d0,:349 i and:

£ = 0.979 N/mm? and: . = 0.511 U/mu°.

Again, gince the compressive gtrengih of concrete snould be at least
10 N¥/mm“, the dome of a CP20 biogas plant is easily strong enough to
take cven a tractor standing on lop of it, as long as the load is
unifurmly spread over the dome Ly the layer of earth above it.

Thg tangential component of the weight of the dome is taken by the
80il on which it rests. The weight of the dome is higher than calculated
above, as the edge is thickened, giving:

F = 357,593 N,
dowever, the area on whicn the dome rests (At) is then:
Ay = 2010 X 2990 x (300 + 100 x sin0.7396) x 8ind.796

= 4,986,545 mu2
- 227,995 - S

fv = Tgms 55 aTpoTap = O 100 N
A medium quality soil has a bearing capacity of 0,12 N/mrﬁ2 (Khanna),
80 would be strong enough'to support the dome. \ poorer soil, such as
soft clay or sand, may not be able to support this load, so the dome
might settle into the ground, or even crack due to non-uniform loads.
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Figure 7.9 Alternative Desipn of Collar for Use with Poor Soils,

Tne use of brick zillars is one way to support the dome (see Volume I,
Cnapter 3); the area under the base of tne pillars should be at least
© 9q.m., A better way would oe to redesign the collar of the dome for
use with poor soils. If the thickness of the edge of the dome is made
to be 450 ma {Figure 7,7), the compression of the soil is reduced to
0.0€7 N/mm®, wnich ig wilhin the bearinyg capacgty of even a poor soil
(Khanna). The volume of tnig collar,is 2.11o m giving a %otal

’
volume fcr the whole top of 3.448 mj.
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Chapter 8. DEVELOPMENT OF COMMUNITY BIOGAS IN NEPAL D. Pulferd
The concept of community biogas technology is baamed on three basic
agsumptions, wiich make up the "commupiiy oiogas aquation”, If these
assumptions are yalia, tney offer u way in whicn the restraints of
biogas technology, particulariv the relative high cdapital cost, can

be overaome, This would allow poorer sections of the community to
benefit from this technology.

The asgumptionsg are:
Gcale: if a large scale Liogas plant is built, the effective cost
per cu.m of “inow#ag produced is lower. A community of reople can
snare their supplies of “eedstocks and other inputs,

Bronomic: a larger biozas plant produces more biagas, which may be
used for purposes thal generate income. If a biogas plant can earn
enough cash so that the origional investment (as a loan) can be

recovered in a short enough time, lack of mouey is not a restraint.

Socioloical: 1f 1 bioyas plant is nlaced in the social context of
4 primary group, 1t will evoke tre sime sei of reaclicus as in the
context of one owner/user. i primary group is charactierised as

naving 'face to face! relautionsning, snaring close pnysical proximity
and naving a comnon identity (Cooley), so they shculd have a common
set of responsitilities as well.
These tosunplions need to be tested in a real environment. This was done
by looking at previcus atlempts to set up community biogas plants in
liepal, ag well as seltling up our own project,

8.1 A Survey of Previous Aittempts

Ihere was one programme in Nepal in 1973, sponsored by His Majesty's
Government of Nepal and United States AID, that planned to build 4
community viogas plants, one in each of ‘the Development Regions of that
time. Three conmunity plants were completed (Karki). The plants drew on
a wide range of possible uses of bivigas technology in a number of
different social settings (Bulmer),

Plant tumder: 1 was gsited in a setiled village environment, with cow
duny za une feedstock, and the biogas used for cooking and lighting

by 5 Hindu nousenolds.

Plant numoer: 2 was sited in a2 resettlement camp for 26 Buddhist
families, to provide lighting for the work of carpet making., Both cow
dung and human excreta were used as feedstocks.,

Plant number: 3 was sited in an urban setting Lo provide gas for cooking
for 10 low-caste Hindu households. The main purpose of the plant was

to take numan excreta from latrines, that were to serve as a hygenic
measure for about 300 low-caste women.

One year after these plants had been completed, none were working as
planned:

Plant number 1 was only veing used by 3 of tne * families. Only one
family reallyv took interest in the plint, although they complained that
the biogas appliances and the plant itself were in need of repair. They
did not know who to approach about maintenance.

Plant number 2 was bteing used by 5 of the 26 familiea, Gas was insuffic-
ient for all the lights; probably because of pipe leaknges. The
latrines were still being usged,.

Plant number 3 had been abandoned. There were several problems o1 o
technical, social and administrative nature that proved too complex to
solve. The biogas produced would not burn; the latrine attondant (a man)

8.1 N2



wag not being paid (from the sale of viogas); the initial popularity

of the latrines faded as the system became overloaded and began to
smell,

U'he main causes of failure in these nrojects were identified as veing
i, the approact vsed by tue implementing orranisaticoues te Lhe
communities, Many pronlem: related 1o the gocial orpanisation of these
comnunities cnly came to lignt after the biogas plants were built, Dat.
mugt be collected about tne community in wnich a biopas project is to
be bullt, before any technical work is started.

Priority was ;iven to the ovuilding of the viogas plant, Althouyri the
real needs and priovities of the peonle may have been entirely
different, The real needs of a ~omnunily must be rssesaed ocJeraively,
4

and 1 viogas teersolopgy cannol orTer an o answer o Laoae needs, Lhen

a plant should rot we onilt there.,

People In thege comnuni-ies conld not work tLocsetner an well as they
thoupit tney could. Methods should be deviged to aases people's ability
L0 Work torelher as a communlty, before thev ire committed to sueh a
relativaly exnensive proje~t o ¢ birosas plant,

L for tne communities, oaid feor by lne

ed thne ald qpency Lo revair the plants
1ittle commitment Lo engsure they were Xept

elves, Lo o onrogect

‘hese btiopas plants were turl
(14 syrency, The people exsect
when they weni wronp =nd il

wor<in,, If weople uike a Tinaresal
tney are far more 1i¥ely "o xeeo it . 1ne,

coml ey, Tneny

nalle Lhe D10KASs nlants were 1o some way related Lo pneome ealhioy, sucn
33 giviang righting for coarvel suakiny, the uses Tor the Loogas did not
2arn an income directly. 1f ologas is uged directly %o earn money, then
peovle have a hign incentive to continue to use 1t,

The implernenting, arvanisation lefi tnar pro ects, once tne r10gas plants
were obuilt. Mne respongipility for sucn a community project does not
end there; careful follow-up, ‘rarnlng and miaintenance are required to
=AsUre suchu 4 project continves working.

5,72 Arncther Approacu

Three independent institutions were involved in the second community
biogas programme in Hepal, eacn taking on a particular responsibility,

The Small Farmers! Levelopment Propramme works under the Arricul tural
bDevelopment Ban¥ of Nepal, witn the ppuidence of the Freedom from Hunger
Campaigr. of the Food and Agricultural Organisation (RAFE). They help

to organise poer farmers into groups that are then avle to borrow money
for development projects. The Nepal SFDP also provides expert help for
some of these projects, such as pumped irrigation and improved livestock
breeding, The ADB/N provides loans for such projects at 11% interest
over 7 years. Tney also had a fund from United Nations Development
Piogramme to pay 0% subsidies for the setting up of communicv biogas
plants,

The (Gobar Gas tatha Krishi Yantra Bikasn (Pvt) Ltd was - set up to bujld
blogas plants in liepal (see Volume 1, Cnapter 13), They offer training
in biogas tectmology for farmers and sive a 7 year guarantee for any
plant they tuild. They have a network of sales and service depots in
Dany parts of Nepal, and make yearly follow-up vigits to cugtomers, as
part of the guarantee, to do minor maintenance.

Development and Consulting Services nas peen continuing a research ani
development programme on bLiogas (see Chapter 2), They were able to offer
expert technical help, as well as feasibility analysis of the programme.
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Year No. House-~ Village District Machines:
holds Huller Grinder| Pump
1981 4 Tiklegard Rupendehi 1 1
1582 22- Chokatey Gorkha |1 1
1982 4 Bhutaha Nawal Parasi! 1 1
1982 5 Laxinipur Dang 1 1
1982 10 Pokodyia Dhanusa 1 1
1983 4 Birendra- Chitwan 1 1
nagar
1983 12 Madhi Chitwan 1 1
1983 5 Dulari Itahart 1 1
| 1387% ‘ 37 Madhutasa Dhanusa 1

Table # 1 Community Biogas Plants Built by Gobar Gas Company.

tue Swall Parmers! Development Programme had gained valuable experience
“ith working with gmall sroupa ¢ farmers (4 to 20 houscholds), 8o the
first "community"™ biopae it wag built for such a group, Pour families,
who lived aear to each other, agreed (o purchase an SDS00 biogas plant
oy takin, out a cooperative loan from ADB/N (which requires less

security than an individual lo~n)., SFPDP were also avle to rind a 50%
subaidy for the biogas pliamt. Initially the biogas was Lo be used for
only cooking and lighting, but concerns about Tinding enough money to
bay tack the loan encouraved one four familisg to test the use of an
engine driving a rice huller (see Case Study 8.1, foilowing).

Sinece tnig first "groupe biogas plant was built, others have followed
(see Table 8,1), about 7 in all. About 7 more have been ordered and

are being built, The growth of interest in group ownersnip of biogas
plants has coincided witn a growth in interest in the use of biogas to
Tun engines to drive grain mille. At least 6 individually owned SD500
tiogas plants have aluo been purchased in the same period (4 years),

to run enginea, and more have been ordered,

The "group" type or community biogas plant should be distinguished from
the "village" biopaa plant, in which larger numbers of people are
involved. Only one village biogas system has been set up, at the time
of writing, to drive an irrigation pump (see Cage Study 8.2, following).

The difference between a Ercup biogas plant and a village one is not
always clear, The plant at Chokatey (mee Table 8.1) is counted as a
eroup plant, even though 22 fanilies are involved. 5 group is a
collertion of people who have come together to form a cooperative, so
they can take part in a development project, usually with the help of
the SFDP in Nepai. A group of 22 families i8 near the maximum size.
The village of Chokatey were helped Ly the Resource Congervation and
Utilization Project of USAID. 4 Broup ls sgelf-selecting;: people only
Join iv if they wigh, and people can leave it at any time, as long as
they have fulfilled their commitments Lo the group.

A village biogas plant includes everyone in a natural community, who
norwally live and work closely together. A village grouping tends to
include a larger number of families (over 20) and may include people
who 4re less inclined to cooperative venturea, or who have little
interest in the project (Roy). Since tensions and divisions are far
more likely in a village, than in a group, a village biogas project is
much more difficult to start.
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Case Study 8.1: Group Ownership of a Blogas Plant,

Village ¢ Kugongodal Rusgongodai lies 5 km South-West of
Panchayat : Tiklegard Balawadi, which is on tne Butwal-

Ward No. 7 Bhairahawa road.

District : Rupendehi

Zone : Lumbini Plant uged fTor cooking/lighting/milling,

ln 1980, the Small Farmers' Development Programme manager (the Group
Organiser/Action Research Pellow) sugpested to SHD Group Number 36
that they set up a community biogas plant. They were having problems
with obtaining fuel in the local zrea and had seen an individually
owned biogas plant nearby and were interested by it. The SFDP GO/ARF
agked DCS -0 make a gurvey of tne village (Bulmer).

5 of the houses in the village of FXusongodai were very clnse together,
80 fthe piping of biogas to these houses would be easy, 2 nther houses
were fairly close. A1l the people living in the village {10 familiea)
were Brahmins and related to one another. They traditionally worked
together in their farming aclivities and nad been involved in the
Small Farmers' levelopment fGroup. In 1430, they were spending about
R8.1,500 per housenold on wood and kerogene for cooking and lighting.
These prices were increasing, and would have doubled by 1990. 4 of
these families had approximately equal landholdings and livestock.

Each house (110 4) 5FB
has: 1 lamp RN E [House No.
2 ring burners. NN
™ \ [ cattle Shed
tb\ Occupation
! F  Farmer
\3\‘:\\\%\ I Caste/Tribe
— L FB | << B Brahmin
g N - tand Holding
Fa 17m NN . ih Bigha
3 7 R L& FE‘—G-;- -~ Number of cattle
g " Road —~ Number in Family
. | S _
Milling Shed P e | Mill_Details
Ges{  lmge) A Engine 7HP TV1
Pipeline T g T Sturry Kirloskar
Fieldg S P 4 Pite Rice Huller No. 4
e “D.‘ [ Raj.

Artesian Porehole SiogasP?;?sQ: Flour Mill 12"
WA ﬁiﬂﬁﬁ%ﬂxﬂﬂéﬂxmmﬁ Black Diamond
O F5 1. F 8 Totals of _1980[1963

<\§ }2;5 ko9 8 People | 24 | 26
N0 ‘ Animals | 27 | 32
N 1% Land@ighe)| 13 | 13
N
. NN
Plan of Kusongedai BN

Pigure 8.1 Small PFarmers' Developmeni Group No. 36, Tiklegard.
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Factors against the success of a group plant were the total number of

cattle (27), which was too low for feeding an 3D500 biogas plant; and

the opposition of one family head (no. 5), who was a respected elderly
priest, who had influence in the villape,

The viogas plant was built in April 1481, for four famjlics of SPDG No,
30, proviaing 2 ring ourners and t biogas lamp for eaci: o the 4 housges
(see Rigure 8.1), In February 19832, the Gobar Jas Company persuaded
hese families to install a 5 HP Kirloskar dual-fuel engine and a rice-
nuller for a 6-month trial period. In August 1982, the engine wasg

Laken back by the Gobar Gas Company, and the villagers bought a 7 HP
dual-fuel engine and a flour grinder with a loan from ADR/YN, *through
the SFDP., They later purchased the rice huller from DCS.

Allocation of Responsibilities

The villagers have carefully orpganised themselves to ensure that the
viogas system works well. Each houge brings 3 buckets of cattle dung
to feed the biogas plant each morning, and a person from the house
helps to mix the slurry. The four house heads have apreea Lo open the
main gas valve at fixed times, 8o the gas can be uged for cecoking:
5.00 to %.50 am for early morning tea; 6.00 to 8.30 am for the main
meal; 1.30 to 2.00 pm for afternoon tea; 6.30 to 9.00 pm Yor the
evening meal and for running the gas lamps. The 4 households take it
in turn to be responsible for the oversight of the main ras valve for
10 days at a time.

Tne mill is used for as long as there is demand for its gervices, In
the winter months, when there is less gas, the nouses have to use wood
to cook the evening meal. Outside customers tend to come to the village
to have their rice hulled or grain ground towards late morning. If the
fas has all been uged, they will run the engine on diesel alone,

The effluent slurry is collected in pits at the edge of the village.
Eacn nousehold has its own storage pit and takes slurry from the

céntral pit whenever they need it. They must count the rumber of buckets
of slurry that they take and make sure that each house has the same
anoun .,

The mill isg operated by two people: the driver, who is ‘hired from
outside the village and a cashier, who is one of the people from the

4 households. The driver arrives for work at 7,00 am and isg given an
hour ofr for hisg mid-day and evening meals. He is paia hs.300 a month,
however much work he does. In the slack seasons (eg. the mongsoon) he
may only work for 3 hours a day. In the harvest months, he may have to
work for 18 houra/day; sometimes all night long. He often collects
diesel (20 litres a time) using a bicycle for the 7 km Journey. He also
does any maintenance and repair work required on the mill.

The cashier issues slips o1 paper to the people waiting to have their
grain processed in the mill, The slips have numbers on, to save
arguments about who came first, and they also show how much grain is
oeing milled and how much must be paid, in money or in grain, Duplicates
of these slips are retained by the cashier jor accountiny purposes,

Tne jou of cashier ig taken by each household in turn.

I'ne caenier wriies a record of the daily income in a register in house
no, 4, in the presence of the head of the nousze, He then tLakes the Krain
and money to house no. 2, where it is again recorded and put away for
safe-keeping, The head of house no. 2 also keeps a monthly register to
record repayments to the -ank for the loan. He also sells grain from

the stock earned from miliing to people who come to buy it, Another
person from another house must be present, when grain is sold.
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The work of maintaining the engine, mill and biogas plant is done by
the driver, with the help of the young men of the village., Many visits
have been made to the site by the Gobar Gas Company technical staff

and the villagers are gatisfied with this service,
Effectiveness of a Group Biogas System

The villagers are very satisfi. 1 with the dual role of their biogas
plant, providing fuel ior cooking and lighting, as well as running a
small mill that provides them with an income, They are pleased that

the money earned by the mill ig enough to finance the cost of the loan
repayments, so they do not have to find that money elsewnere. The close
cooperation between the 4 households 1s motivated by the benefits that
they see coming from effective operation of their biogas system,

It has not been possible to give exact details of their monthly income
from the plant. These people are farmers who are naturally cautious
towards outsiders, especially people who might tell the tax authorities
about their earnings. Despite the apparent organisation of accounting
and record keeping, the books are not clearly arranged and the
calculat.ong are difficult to understand, (See Volume I, Chapter 11

for an estimate of monthly income and expenditure.)

The villagers seem to have been able Lo compete with other zrain mills
in their area, about % diesel mills within an hours walk of the village.
Their price, especially for rice hulling, has been lower and local
people prefer to come to a small mill, which is happy to process small
quantities, than go to a larger place, where they may have to wait,
However, with the extension of an electricity supply to the area, 3
electric mills have been set up, which charge lower prices still, so
this further competition may have an effect on the profitability of

the Kusongodai systenm.

Case Study 8.2: Village Ownership of a Biogas Plant.

Villaga2 : Madhubasa Madhubasa lies 6 km North-East of
Panchayat : Pushbalpur Dalkebar, which is on the East-West

Ward No. : 9 Highway, at the junction with the road
District : Dhanusha to Janakpur. '

Zone : Janakpur Plant used for lIrrigation/lighting/cookiny:.

Madhubasa village people had set up their own cooperative sociely
called "Sano Kalpana Sagha Sanstha", A Society with a Little Vision. A
local school master wrote a small booklet on it (Adhikari), so the
village was chosen as a place for a Small Parmers' Development Group
in 1979. SFDP suggested the village as a site for a community biogas
sToject and DCS did a survey in December 1980,

The village lies at the base of the foothills of the Himalayan range
of mountains, so has hills and forests to the North, with the flat
North Indian plain to the South. There are 37 families, with a total
population of 187 (in 1983). All the families are of one tribal group,
the Magars, and all are farmers., The village is at the meeting point
of two rivers., These rivers are usually dry, but they are subject to
flash flooding in the monsoon season, when water runs off the hills to
the North. These floods are getting much worse in recent years, as
deforestation and the removal of soil cover means that run-off is
increased and less water is absorbed into the hill sides.
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The "Society with a Little Vision" was begun in 1964 on the initiative
of the people themgelves. All villagers are members of thia society
and 11 persons are office noldera. There are regular meetinugs at which
minutes are recorded, The 1pinutes become law in the village, once they
have been fully discussed and everyone has signed their name, or made
tneir mark, after the minute (Bulmer),

Madhubasa is not a typical village, although the Magar tribe are noted
for their community spirit. The strong, but open, leadership in
Madhubasa and the willingness of the people to join in community
ventures, put it in a class of its own,

The Approach

The survey by DCS concentrated upon the real needs of tne villagers,

at first, they had little interes! in biogas technolngy: they had not
seen a biogas plant, or even heard of the idea; tney did not have a
problem with cooking fuel, being so close to the forest. They had two

main concerns: the yearly monsoon flash floods were eroding the land

on whicn they were growing their crops; they wanted un irrisate the
remaining land, so they could prow more crops on it,

After deciding to work in the village, DC3 derined wseveral pricciples

on which we would work: the identity of the viilage nad to be regpected;
the Society with a Little Vision was unique and all the 3”7 nousenolds

in it had to benefit from any development work done in the village,

The first priority was to solve the problem of land erosion, after that,
a community jrrigation scheme could be planned: first by dieging wells,

ghen by installing a 1ift irrigation pump, that could be driven by
iogas,

The land erosicn problem was reduced by building gavion barriers into
the path of the flash floods in the dry river beds. About 5.5 ha of
river bed was reclaimed for agricultur2, in this way (Bulmer)., Several
exploratory wells were dug, as local people thought that the Jalad river
flowed underground during -iost of the uar. Two permenant wells, 80 m
apart were eventually constructed, with an underground plastic pipe
connecting trem, The Japanese funded Janakpur Agricultural Development
Project gave much help for tnis work, including expert technical advice
and the use of digging machineary.

The work of construction of tne gavblon barriers was done wmaluly by the
villagers themgelves, once they had received training in the making of
the netting boxes from wire. Stone was brougnt to the site by a tractor
and trailer, loaned by J.A.D.P. This gave us ample opportunity to
observe the people at work and to test their cooperative spirit.

Planning for the community biogas irrigation scheme was also done. An
economic feasibility study was done (Fulford) in 1981, updated in 1983,
The possible profits from growing a wheat crop in the dry season
appeared to be enough to cover the loan repayments for the system, A
Biogas Committee.was set up in tne village; the members eventually
being the office holders in the Society with a Little Vigion. No women
were on this coumittee, although we advised that there should be.

In May 1982, 6 members of tne comnittee went on 1 "Biogas Tour", visiting
the Gobar Gas Company office 1in Butwal, the jgroup biogas plant in
Kusongodai (see Casge Study 6.1) and the biogas irrigation scheme in
Parwanipur (see Volume I, Chapter 8). The villagers wrote their own
report on this visit (Madhubasa). In October of the same year, two of

the young men of the village were sent off for a course in engine
operation and maintenance at JADP. The village were loaned a diesgel
engine, 80 they could become used to its use., Tegts were also done to

gsee how much water could be taken from the wells at different times of

the year.
(
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Figure 3,2 A Map of the Area around Madhubasa.

Decigions to be Made

While the biogas plant was originally seen as an answer to one of

the villagers' felt needs, that of irrigating their land, congideration
wag given to alternative uses of the biogas. Irrigation is a seasonal
activity, so the pump would be used for only 150 days of the year. The
villagers wanted gas lamps in the village, s0 they could hold society
meetings by gas light., Another lamp was placed in a prominent position,
so that people from other villages could see it. Two gas ring bumers
were also placed in the community house, for use in waking tea for the
meetings and for guests in the village.

Another suggestion was that the engine should be used to run a grain

mill, as they had scen the one at Kusongodai. S.me people even thoughi
the biogas plant should be sited at Pugshbalpur, near ths road, where

Altcrnaive | Alternative 2

Figure 8.3 Alternative Sites for tne Biogas Plant,
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such a will would have more customers., This idea was unanimously
rejectad at the next westing, because the women of the village protested
to their husbands that they would not benefit from such an idea.

The original acheme for uging biogas to run an irrigation scheme has
been kept, although the whole syatem could ve expanded to include a mill,
in the future, An addition to the original idea, was the use of the
pump-set to pump water up to a drinking water storage tank on a hill

near the village, The Local Development Department of HMG/N had offered
to pay for water pipe and a etorage tank for the village.

Siting of the Biogas Plant

From a technical pcint of view, we recommended that the biogas plant

be sited near the engine by the well. The tiogas would need to be piped
only a shert way, and the effluent slurry could be put directly into

the irrigation water., Water for mixing the slurry would be avajilable
from the well, nearby.(Figure 8.3). The only disadvantage would be that -
cattle dung would have to be carried from the village: 300 or 400 kg

for 500 m each day. The villagers disagreed: carrying dung would take

£Gas Pipeline N
E] [] [r:] to Engine
D 500m
ésitell) 1 19H D
ettiement No. ouses [:]
0 00 M
D - D Settlement No.3
[—_—] [j“\I_ Biogas SHou.ses Z——-boom
C%r:lﬁznlty - Plant ‘Salilt;;ry
] amp o »
2 ring burners ‘] id ;sue:a)[]
' outside
— — lamp
822~ ]OOWJ
= ¢ U
o O
Settl NOZD D
ettlement
12 Houses D D
| ]
Mathat Pushbalpur
| ”‘"}y u o 2km (site2)

Figure 8.4 Layout of the Settlements in Medhubasa Village.
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too lony each day, and they were not prepared tc xeep “ne -catile away
from the village. Ihey were copneerued about the Securiiy O oLne LIopNSs
plant, bteing afraid as much of possible attacks from evil spirits as of
possille human interference,

The viogas plant was sited in the village. The idea of carrying the gas
to tne pump each day in a plastic balloon was also reiected. Such a

bag, which would have tc oe at least 7 cu.m *n volume, would ve difficult
to carry and would quickly fail, The idea of a 500 m pipeline to carry
trie tiogas was adopted. If the pipe is of the correct size (see Voluun

[, hapter ©), tue viogas should reach the engine witrout much loss 1rn
pressure., Such a pipeline proved fairly expensive, and .here are

concerns about a plastic pipe being chewed by rats.’

The ouestion of where the plant should be sited in the village arose. .
Most of the availlable land belonged to the leader of tne community anu

his brother, so they wanted to put it near their houses {(site no.1 in

Figure 3.4), The otner villagers wanted the plant to te in the centre

of tne two main settlements of the village (site 3),(site no0.2 at

Pushbalpur had already been rejected). The two brothers agreed to

give the land between the two settlements for the bLiogas scheme. The

water tap would also be on the gsame land. The hiogas plant is now the

first thing that visitors coming up the road to the village see, as

they enter the village, so it acts as a status symbol.

The % households in Settlement No.3, which is 400 m East of the biogas
plant have agreed to take part in the scheme, They will contribute
cattle dung, as they will also benefit from the irrigation pumping.

Financial Arrangements

The gz1oup biogas plant at Kusongodai had set the preceden* of giving a
5C% subsidy for community biogas projects, so this was followed for
the Madnubasa scheme. The rest of the capital cost had to be paid from
a loan from ADB/N, via the SFDP. Not all members of the Society with a
Little Visica were members of an SFDG; 28 people were members of
Jroup No. 37, while another 7 formed part of Group No. 67, with 6
people living in Malhator village, about 1 km away (kigure 8.5).

Madhubasa Villagers (SWLV) Malhator Villagers
Rich 12 28 7 L6
Farmers SFDG No.37 SFDG No.67
Figure 8.5 Different Groups in Madhubasa Villare.

The solution was for the members of SFDG lo, 37 to take out the loan
in their name, while the other two groups, the richer farmers and the
members of SFDG 67, are to pay their contributions to the others. The
loan is for 7 years at 114 interest. The subsidy was paid from the
USAID grant.

Irrigation of Land

The wells and pump-set are sited by an existing irrigation canal, that
takes water from the Jalad river during the monsoon, when it flows above
ground. The main profit from the scheme will come from a winter wheat
crop grown on the :area of land served by this small canal. However, only
2 - hé.useholds have land in this area; another 10 people have land in

anotner place, while 5 hongeholds have no land at all. Since all the

37 households in the Society with a Little Vision were supposed to
belong to the scheme and oenefit from it, they had to somehow all be
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oo buded,

Several ideas were out forwara, tut discussions went on for joout
Year vefore the natter wag reszolved, One ideas wae tae fefinition of
"Gas Rightsn, whereby the people using the engine would pay a fee Lo
those who contributed dung and labour, but did not nave lana 1 the
irrigated area. 4 similar system of "Water Rignts" was used tn otner
placea in Nepal with community gravity irrigatiou schemes (Martin),
This idea seemed to be too complicated for the villapge. Another iden
WAz Lo buy a piece ¢f land that was owned by gomeone from outaide tne
village, but was in the irrigated area. The owner was keen to sell,
but there was no obvious source of money with which to purchase it.

I'ne real challenge to tne 22 people wno had lane cane from the idea

that they should be willing to share it. Phis idea was not at all

popular with the 11 committee members, 10 of wnom nad land in the
irrigated area. The turning point came when the committee members were
asked to imagine that tney had changed roles, the ones that had land

had to imagine that they did not. After an hour of very heated discussion,
they‘all agreed to lease a portion of their land on the "Eathya" system,
L0 wnich the farmer and the land owner share tne crop oun a 50-50 basis.
The people in the village had come to recognise that living in community
meant that things, even land, had to be ughared. -

The real test of this agreement, which was written in the minutes and
tc which everyone in the village has put their signature or mark, is
wnen they gtart getiing an income from the wheat harvest.

Effectiveness of a Village Biogas System

At the time of writing, the system has not been effectively tested.
People are putting their cattle dung into the biogas plant, on a rota
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Figure 8,6 The Layout of the Finished Biogas System in Madhubasa.
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system. Phe engine has been used to pump water to the drinking water
tank and for irrigation. The engine runs well on biogas, and sufficien!
gas comes down the 500 m pipeline. Each component works well, but the
real test comes when the system is used to irrigate a winter wheat
crop which is then harvested and sold.

An evaluation of this project is yet to be done.

The Effectiveness of the Original Assumptions

While a larger size biogas plant does give some economy of scale,

it is insufficient to reduce the price per cu.m of biogas to that

which a poor farmer can afford. The real price reduction to the farmers
in these projects cane from a subsidy: a political rather than an
economic or technical solution.

Thie real value of a community, a group or a village, biogas plant

comes when it is used to run an engine which can ve used for activities
that earn an income for the villagers. This concept introduces a
vitally important new dimension into tne whole concept of community
biogas.

People's commitment to a rnoperative project depends on the benefit
that they réceive from it. If the project is earning a cash income in
wnich all the members of Lhe community can share, then people's commit-
ment is likely to be far higher than if the biogas is used for domestic
purposes alone. Thus the second assumption strongly reinforces the
third, which is the weakest one of the three.
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