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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 toeducational the areas of medical,and economic development. Its nersonnel have 
come from
many different lands with various qualifications and
toward the enablement skills, workingof people by offering opportunityThere has been and training.a mutual learnirn and sharing experience, resulting inprojects and programmes whicn emphasise servicu towards others and the
equitable sharing of benefits among the less advantaged and privileged.Biogas is one area of the developmenttechnology and sharing of approoriatewhich is geared to making renewableable to those energy resources avail­who need them. For the past 7and Consulting Services years, the Developmentof U16N, at Butwal, has asnigned and supervisedthe research and development of improved biogas plants and appliances,
striving to make this equipment more efficient, effective and 
econom­ical. Design wor-k 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
performance of installed biogas 

the field. Testing of the 
oriented to the customers 

plants and related equipment has beenon the farms of Nepalmonitored to and it has been carefullyensure not only ouality control, 
but also quality of
operation.
 
This book describes the concept, purposes, implementation, constant
revision, and implications of the whole processAmply illustrated and its history.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
economic, social and management aspectscontext of biogas technology in theof Nepal as a culture and 
society seeking development goals.
May I take the opportunity to commend the authors of this material
for so 
ably documenting the biogas story and for the
they have iintiring effortsmade. Commended also are the Tradesmen and Technicians ofNepal, without whose help much would have not been accomplished. This
book is a testimonial 

Cooperation at DOS in 
to a joint 
Butwal. 

venture of Nepali and Expatriate 

Kathmandu 
January 1984 Al Schlorholtz 

Economic Development Secretary 
United Mission to Nepal. 
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constant for the production of biogas 
 day 5.3
 
k Constant related to the smoothness of a pipe - 6.6
 

K Pressure loss coefficient for fittings - 8.5
 
L Length of pipe through which fluid flows m 6.6
 

m Mass of feedstock put da.-iy in a biogas plant kg/day 5.3
 
M Molecular weight of biogas 27.351 kg/mole 6.6
 

n Number of hours/day a pump is used hr/day 8.10
 
0 Diameter (internal or external) 
 m
 

OD 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 H3,kW 8.9
 

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 Pressure function 
 - 6.6 
r Entrainment ratio for a biogas burner - 7.11
 

R Retention time for slurry in a biogas plant day 5.3
 
Re Reynold's number - measure of fl d flow 6.6
 

R Gas Constant 8314 J/kg/°K 6.6
 
s Specific gravity of biogas 0.94 ­ 7.9
 

a 	 Scale factor - used with nomograph -3 6.6
 
3
S Feedstock concentration in a biogas plant /mn 5.3 

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 

v Fluid velocity through a flame port m/sec 7.12 
Rate of loss of biogas through a leak l~min 6.15 

V Internal volume of a biogas plant 5.3m 

V Internal volume of a pipe lt 6.15
 

Vw Working volume of a displacement digester m
 

Table E.1 List of Variables used in the Book.
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EXPLANATIONS
 

Tne notation used it: trie drdwings and equationr- i : th~s ook followsinternational practice 
as far as possible.
 
Almost all dimensions are shown in rillimetres, with .gaptbetween
the metres and the millimetres, ie. 1 570. 
; few dimensions (such 
as for GI pipe) are in incnes, shown as: in or ".
 
\reas are in square aillimetres: sq 2mm or mm2
 

or in square metres: sq..n 
or m 1 m2 1,000,000 or
I hectare of land area = 10,000 O4 2 10 Mirr,
or m .
 

Volumes are 
in cubic millimetres: cu.mm 3
or mm

or in litres: lit. or I. : I i=I1,C0,000 or 10 M2 
or in cubic metres: cu.m or 
m : 1 m = 1,000 or 10' 1.
 

Mass is Riven in kg, or tonnes (1 tonne = 1,000 kg.)
 
Fiow rate is given in lit/man or m3/sec. I :n3/sec 
= oU,OOC lit/rnin.
Tolerances are not usually shown 
on drawings, 
but can oe 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 0.1 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 section, to reveal internal
details, the sectioned parts are shaded to indicate the material from
which they are made. A key is given in Figure E.I.
 

P Brick Concrete 
M Concrete or Raster Plaster or Ceramic 

SSteel or other Earth 
-Brass Stainless Steel 

w Plastic Rubber 
tL Liquid Loose Stones 

Section Thread Elevation Thread 

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. ulford 

The need for alternative sources 
of energy to those commonly used at
present, such as petroleum oils or wood fuel, is now recognised by
many people, especially those in the poorer countries of the worla.
The high increases in 

decade has meant that 

the price of oil-based fuels over the last
a large proportion of the Gross National Product
(cONP) of most non-oil producing Third World countries is being spent
on these fuels. Energy 
s requirod 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 oil-based fuels
to for , the basis for development.

A fuel 
crisis also exists in the supply of traditional sources of energy.
Increasing population pressures mean that wood fuel from trees in most
pa.'ts of the world is now being used faster than it can replace itself
by natural growth (Agarwal 
 ). This demand for wood, coupled with
ermmercial exploitation of trees for construction, pulping and other
uses, means 
that forests are being destroyed at 
a high rate. Poor people
lose out in two ways: not only cannot they develop, because of the high
cost of petroleum fuels, but their traditional life-style is threatened
as wood fuel becomes less available.
 

~.h~jCfcresat~onof dioesel 

,v,-ruse ~/ Diversion Increasing 

Oorrzstic 
Fue ,'t- Ferti izerds for Crops Fue[I orDevelopn-e,nt 

Figure 1.1 
 The Energy Resource Problem
 



As populations increase, more 
food must be grown, and more land used
for agriculture. More fertilizer must be used to maintain the fertility
of the soil. These demands make the fuel problem even worse, as now
agricultural land must come from the forests. As wood becomes less
available, people turn to other fuels, such as dried cattle dung and
crop wastes, which could have been composted to give fertilizer. These
fuels are also very inefficient, giving a poor amol y 
flame.
 
All these problems are present in Nepal, which is 
one of the poorest
countries of the world. They are more complex, here, because of the
geographical and socio-economic position of the country. Import of
petroleum oils is expensive and difficult, as Nepal is lend-locked
and 
a terrain of steep rugged hills, with few roadsmakes transport a
problem. As forests are cleared, for wood fuel and cultivation, the
steep slopes become unstable; top-soil is washed away in the monsoon
'ains and landslides destroy land, crops and homes. Increased water
run-off on deforested slopes means 
floods further down-stream in the
monsoon and less water cbsorbed and stored underground to supply springs
i streams for the dry season. A natural cycle of flood and droughtis intensified. People are not only short of fuel and food, but water
 
also.
 
There in 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
compostecd fertilizer from the same source of animal dung and crop
residues. If biogas could be widely used in i4epal, 
and in countries
In a similar position, people could use their dung and crop wastes for
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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 earning activities.
 

The work of spreading a new technology, such as biogas, so it can be
 
widely used in a country such as Nepal, involves many different activit­
ies. Develnpment and Consulting Services of the United Mission to Nepal

has been involved in this work since 1974, in both extension and in
 
developing in- roved biogas technologies, and this book is a sharing of
 
our experieri>_ . 

3iogas Process
 
When a cow eats grass, it digests the food in its gut, after breaking

it up with its teeth. The process of digestion, the breaking up of
 
complex food-stuffs into simpler chemicals, is assisted by a population
 
of bacteria that live in the cow's gut. Some of these bacteria are
 
'methnogens', 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 those in a cow'l 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 the 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 loss.
 

Cattle dung, containing the right bacteria to give biogas, is the most
 
commonly used feedstock. In India and Nepal, 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,

although 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 undigested
 
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 enzyms in the animal's gut. Some animals, 
such as horses and elephants, are less good at breaking down the lignin, 
so their dung, too, contains more woody, fibrous material. These fibres 
can cause blockages and other problems within the digester. Some plants
such as water hyacinth, have little lignin, so are good feedstocks for
 
biogas plants. 
Dung from goats and sheep 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 these 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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Animal Dung/Unit Biogas/Unit 
Total 'Volail Carbon it
Ic da litres da Solidl Solid~ og.CN 
Cow 14 400-480 
 16-20 
 36
77 1.8 20 (11i
Pig 5 
 280-350 
 80
25 38 2.8 14 (1)
Chick 7.5 420-510 48 
 77 10456(1 
uman 0.2 
 11- 14 
 15-20 90 48 7.1 7 (1Table 1.1 Gas Production for Different Dungs 

(No~es: (I)- Maramba, (2)- NAS, (3)- Makhajani)
 
their own and we 
 have not had experience of them in Nepal. 

Uses of the Fuel Gas
Biops is a mixture of methane (50%30N, with 
to 70%) and carbon dioxide (50% tosmall amounts of other gases, suchw>.'ch causes the gas as hydrogen sulphide,to smell. The methane isblue flame, but the a fuel, and burns with acarbon dioxide acts onlyslightly acidic, if mixed with water, and can 

as a dilutant. The gas is 
proportions of the gases depend on 

be corrosive. The relative,he feedstock for the plant and the
exact population of the bacteria in it. Tho p.operties of biogas are
givan in Table 1.2.
 

Biogas, assumed to be 58% Methane (CH14),
saturated with 
42% Carbon Dioxide (0O
water vapour at 30 0 and standard pressurg.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 (.0.6 to 1.17) 
Specific Gravity (Air 3000) 
 0.94 (.82 to 1.00)

Viscosity 1.297x1O-5kg.s 
 .m"1 

Air to Fuel Ratio 
 5.5 : 1 
( 15% biogas) Stochiometric 
Flammability Limits 
 9% to 17% biogas in air
 
Wobbe Nunber 
 27.7 I.J/litre
 

Table 1.2 Properties of Biogas

( Pritchard, Perry, Weant, Watson House)
The main use of biogas, at present, is for domestic purposes, such as
cooking and lighting. Biogas can be used into soitable deeigned burnersgive a clean, smokeless, blue flame, which is ideal for cooking.
Biogas can 
also be uned in specially designed lights, similar +o
'Petromax' or other kerosene pressure lamps.


BiogPs is a high..grade fuel, which means that it caninternal combustion engines. It is possible to 
be used in
 

(gasoline) engines, with 
use it in adapted petrol
a spark plugusual to ignite the mixture. Itto use it in "dual-fuel" engines, which 

is more 
are adapted dieselengines that still use 20% diesel, along with 80% biogas, to proNide
ignition. Diogas engines are usually stationary,equipment other than vehicles, as it is 

used to drive 
,ery difficult to store in 
a
small space. It cannot be liquified in the same way as LPG, so it must
be kep- under low pressure in large balloons, or compressed to a high
pressure to be kept in cylinders. Both have been done (FAO 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 type, (Oiogas,Nepal 5)
and to heat an 
iron for pressing clothes. Larger sized biogas plants
have been used elsewhere in small commercial operatioas, such as in
processing animal products (Maramba), in distilling alchohol (FAO 41)
and in dr~irg crops, 
ouch as tobacco (UNIPO, 1980).
 

Use of the Slurry

Nutrients 
are needed by all living creatures. In a well designed
farming system, much of the nutrients from plants eaten by animals and
people are returned to the soil in dung. These nutrients are absorbed
by the plants through their roots, so
DunS they must be soluble in Watercontains many plant nutrients, but it is only partly digested, and
Wio concentrated to be used directly on 
the land. It isin usuallv composted
some way, to allow micro-organisms (bacteria and fungi) 
to ccntinue
the process of digestion.

Anaerobic digestion in a biogas plant performs some of the functions of
a compost pit, in that it breaks down the plant materials into simple
chemicals that 
can be absorbed by tha plants. However, it also
concentrates Lhe plant nutrients, so
diluted in the effluent slurry must besome way.* It also contains hyd.ogon sulphide, which is toxicto plants (MNaamba). 
In Nepal, the usual practice is 
to 
collect the biogas effluent into
pits and allow it to dry. The toxic substances evaporate. The dried
manure is then spread on 
the fields. Blogas effluent is free from
odour, which a similar pile of raw cow-dung smells strongly. It does
not giva a good envirorment for flies to breed (Sathianathan).
Anaarobic digestion also decimates poplations of pathoganic bacteriaand parasites in the dung. Some pathogens dic quickly (McGarry), while
oihera are reduced, but not destroyed (Hobson). Drying the effluent
should complete the destruction.
 
However, drying the slurry means that plant nutrients, such as nitrogen
are iost by evaporation into the air, and by leaching, as water 
drains
from the slurry into the soil. The loss of nitrogen from dried slurry
is 7% to 15% (Idnani), as opposed to 20%
dung (Yawalker). The sun 

to 45% from a pile of raw cowi
drying of slurry takes up a lot of space, and
is less effective in 
the monsoon season.
 
Digested slurry can 
also be introduced into irrigation canals, so the
water washes it 
to the land (Biogas Nepal 13). In China, the slurry is
sometimes sprayed directly onto the fields (FAG 41). 
The water dilutes
the slurry and carries it to the crops and also reduces the toxicity of
the hydrogen sulphide (Maramba). This approach means 
that slurry does
not need to be stored, but it is only useful if the biogas plant is
close to 
an irrigation canal. One problem, noticed in Nepal, is that
more 
slurry is deposited near the mouth of the canal than the other
side of the fields.
 
The slurry can 
,loo be added to dry plant material, such as straw 
or
leaves (Idnani, Sathianathan). The dry material absorbs the water andplant nutrients and accelerates the drying.
The fertilizer value of the slurry, when it is treated in any of theseWays, is reported to be good. One farmer in Nepal claims to be saving8C% of the urea that he puts onincrease in 

his crops. Other places report an
crop production of 13% 
after biogas slurry was used on
fields (FAO 41). 
the 

Other uses of the slurry include putting it into ponds as feed for algae,
water hyacinth, fish or ducks; using it in hydroponics, where plants
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are grown in a nutrient rich solution
it as a feed supplement on a gravel bed;for pigs and chickens, or even Usingand growth promoting agents 
as it contains vitn(Maramba). 

Advantages and Disadvantalpe 
 of Biogas
The primary advantage 
a of biogau technomthigh grade ia that itfuel and a good manure ceanip moduce bohand fcom thecrop residues, 'he spread of biogaa 

Same input of animal dungNecpal would technology Jn ahave advantageous country such aseffects oil local familiesand on on Communitiesthe national level. 
Advantaggu an
samily Level
The immediate benefactors,

the women, when a family 00t1 Up a biogaawho do the cooking (Bulmer Plant, arefuel is available and Schorholtz)by just t-urning When cooklng
prefer it to a tan and lightinggathering a match,wood, cutting Womenand cc:istantly it into pieces,attending lighting ablackeninp it. A ';ood, or cow dung cake, 

fire 
the cooking pots, the fire is smokey,kitchen and the cook'sakin. S.:,oke alco clothes andmaking them affects the eyesmore liable and lungs,to discase. Those causing irritationbio us. so hings do andthe women becomnc more not happen withhealthy andlook have much-afer thcmoelves and the rest 

more time toof their family.One pO:soible dit3"dvantage of biogas is that insects can
bEams and thatch of traditional infeut the roofhouses, as they are not kept awaythe wood smoke. by 
Tha value of the fertilizer isbiogas plants another advantageare reg-rded of biogas. InAS 'miniture China,lack of s:nell and the lack of 

manure plants' (FAQ 40). Theflies round the slurry areas well as the docimaticn also benefits,of pathogenic organisms.Gas light3 alco help famtlies whocan live away from electric light. Childrenstudy in the evening, so literacy is improved; people could work at

weaving or other cottage industries; people go
lights riight have an 

to bed later, so biogas
effect on 
the birth rate.
The major disadvantage of a biogas plant for a family is the high capital
coat for a -oor family. The majority o1 people in Nepal cou-d not afford
to pay the cost of a plant (about Pes.9,00n;,r
plant 9allin 1932). Alcsiss:ance fafin the forn of loans and subsidies isavailable, but the purchase of a biogas unit is still a large under­taking for a poor man.
Also a poor faxner has

plant is 

to find enough feedstock for the plant. If thefed c- cattle duug,whicl, is more than moot 
a family reqties dung frompeople own. 4 to 6 cattle,If the owner of the bior.as plant
cleans his plant out regiarly, he can


material, this io not 
also use crop residues and plant
but common in Nepal.Other proble.M
3 
are the need for Water, with which to mix the slurry,
ard the reauction of biogas production 
 in cold weather. 

Advantages on Community LevelMore people can

community 

b.nefit from biogas technology by setting up abiogas plant, in which the cost of the plant and the task ofsupplying feedstock is shared among a group of poor villagers. The

capital cost per volume of gas produced is reduced and the biogas plant
can be used as a focus for development within a village ox
Working coxnmuxlty.together in the oetting-up and running of a plant, villagers
will build up a spirit of cooperation and unity. While this type of
communal activity is difficult to startDevelopment in Nepal,Programme (SFDP) the Small Farmers'has shownSuccessful (FFIIC/AD; SFJDU, FAO). 

that it is possible. and can beParticular needs are for the people to 
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be ""o I _tire,~ ,So they linderstand hat is~from thq Neatl~ expectead ;eactly how',each ilil benefit.( P36 
rA'~largY, 1 Plantbigas can be used an to drive, nie;fr~icm~sinigatv Enyigine -,can be used' to, drive,,gran mll5<:'Band.iririgation pup,'ohwihcn a~' gooddprofit' for the&,wher­

iotr Usalyecbncmi caly Justified 'on a':electidgenerator an engitie 
small i scale; A 1'add-on I~<~to: used for another'' purpbs oud~be ude dto provid e ilights ;for-a village, especially, asmo0eefficent electric', light'a ar'e'than: gas'ones' Village-based 'development activi.tie'S*< ttract young" people, in -the~villages, and-'~ratharthan migrating ,to tdlowis encourage:, thm t6 stay a't homeanid cities to d bbi' 7>
 

SLatrines' can be attatohed to biogas' plants.' While
,)po'saible this is technicallyWith a 
r 

family sized unit, "culturali factors suggest that iteasj(er isto do in a community plant, especially
> run engines rather than 

if it is being used tocook food, Use of latrines with dbiogas plant'will improve sanitation, and village health.
 
The diaeadvantages of a community plant arise 
if the members of the
community fall out and disagree. This has happened in Nepal (23ulmer '1980)and India (Agarwal ;Roy, and the plants have become an expensive-liability. Careful preparation, teaching and testing of the community is',essential, 
 even before the plant is built,- if these problbma are to beSavoided.
 

L Advantages on National Level 
lBiogas off.ers an alternative energy ,resource to wood fuel and~petroa ,umoilD. In the Nepali year 2031 (1974/75), the people of flepal used a-"total of 6,53G,000 metric tonnes o-' fuel wood (EalxG),,mainly for',>-.dooestic 
p-urposes, 
such.as cooking and heating: an average of 550kg' per,>fperson per year. Wood fuel is being used faster than' it can grow: only.35% of the wood used Jr one mountain area' of Nepal was estimated tohave beba i-ep1.aced by natural growth in 1974 (SATA). The nett loss~of~Wo od from the area per year waO about 1.2%, which is steadily increasing,~
ac the ponul.ation grows, and stock wood, from which new wood can growlyii.lost, Under these conditions, the Whole forest c over will~be lost in,40 years or less. Present estimates smggest 'that only 10 years remiain'.before Nepal becomes a treeless desert, 
In 1974/75, only 1.5% of domestic fuel was composed of dung'and crop
;'residue3. However, as wood fuel becomes, leos, people wvill turn 'to thesefuels, depriving their land of much needed fertilizer. 
Aloo in 1974/75, 28 712),000 litres of p'etroleum fuel of all~typeswas
~'us~ in eyil BRDGJ. In17/1, 
the value of fuel oil ,impor'ts was"
'Rs.'71,733,000 (86,030,000) (1MG/CBS). 
The cattle'p~opulat16n in,tje a
.a0Vyear was estimated as 10,010,000, producing 27
 ,724,000 metricltonnes'of
:,~fresh dung per year (BRDG). 
If all this dung could be usedto prod1uce
Sbiogas, the total theoretical yield would be about 1,136,000,000 -cu.m
~This could, in principle, replace 4,806,000 toflnes of ftel ,wood, .or~
~fall the fuel wood used 3/4in Nepal. AIternatively,' it could, be,,usea~to'67repJlace 433,00,000 litres of diesel, about 15 times Nepal's re'qurmen
win 1970/71. The value of thiB replaced oil would be over 2 billion rupees
''"Or about S700 million. 
 ,, i~"
 
Of course, all "hie dung could not be used to makedirectly on the land as cattle go 

biogas; much is ',droppedout to forage~for food,, Even if~40%hw'c uld be ursed, biogas technology could have ,an important impact-o hieeconomy of Nepal. If the dung from other an'imalat oiuch-asigst and,
'human faeces and crop residues Could be u~sed au well, the,'potentia;',
im~pa~ct 'of biogas technologyw,~j 
' 

old even, geaters' 

treegs can rbestls csnob ful; if i a ape
canbec~nervd. o ,.1arge ~enough scale,,tres ad forets Iffortswere 'allowedtto regrow 

' 
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disaster could be averted. His Majesty's Government of Nepal (HMG/N)

does recognise this, and is considering giving subsidies to all people

who will install a biogas plant in Nepal.
 
The main difficulty in the extension of biogas technology on a national

scale is in the setting up of suitable organisations for construction,
for funding loans and for the follow-up of people who have installed
 
p-rnts, so they can be trained in their use. Government bodies have
 many different priorities; the introduction of a new technology has to
compete with. ma.v well-established concerns. IIowever. despite such
otbcAalea, the biogas extension programme in Nepal has become established
c-nd i3 growing steadily, if not as fast as was first hoped.
 

Biogas Plant Design Criteria
 
There aroe many differoat 
designs of biogas plants available worldwide
(;!'ramba, Pyle, Jewell) and most will work. However, in choosing
suitable designs for use in a developing country such as Nepal, certain

criteria limit the number of types that can be considered suitable.
 
Und_:,uu-nd designs, built in hole the ground, are
a in cheaper andeasier to build. The soil itself can be used structurally, to support

walls against th- hydraulic and pneumatic pressures of the slurry
gao. Al~o, such plants are easier to i,,sulate against cold weather. 

and
 

Inlet -md outlet pipes should bo straight, for easy cleaiing and any

effective design should be easy to clean out and empty, in case of

problems ouch as scum formaticn, 
Tradito- al building mater} al8, such as mud and "lipnu" (mud mixed with cow dung), are not suitable for bicgao plants, water and gas leakthrough them. Viood 

as 
is also not suitable, as it is very difficult to

make "as tight and it can be destroyed by insects or rot. Materials
 
such as brick and cement are expensive, to, while they must be used,
the biogas plant design must be carefully made to minimise the quantity.

Reinforced concrete is normally too 
expensive.
 

Since rubber and plastic must be imported into Nepal, they can be almost
 
as expensive as the steel required to do a similar job. They can

be damaged by rodents and by sunlight and during transit by sharp

also 

objects. Evcn steel is not an ideal material, as it is also expensive
and can bo corroded by the biogas slurry.
 
The desigun: used in Nepal are therefore constructed mainly with brick
 
or stone mason-ry, or with cement plaster, using the sides of theunderground hole for structural support. Throe snch designs are described
 
in the following chapters. 

1.91
 



Chapter 2. FLOATLCr ST5I5n D),T. ,. 

Basic pesign
 
LThe floating stcel 
drum bioras plant waa developed in india. 4en 7.C.I. started 
its biogas work in 1974 this qas the only Tnown biogas plant design. After studying 
it at institutions and in villages in InLia i'; was accepted for use in Nepal. 
The slurry is :ept in a nasonpry lined ',ell like structure and the biogas collects 
in . steel dIram which -loatl nounU ,ownwa-- in the slurry. (FYig.2.1). .isgas
collecL or is used, ti6 ;, hcijEjr loUt, up or &own a.ccorcingly.
 

The .. design has not alturel thl bad:ic 
 priniciple but tVierc axe significant
 
diffrences in construction Jetails. Tnuse 
 ciin-es !izve been m~ine to si:iplif:y 
oon 'ueactic. and reduce conjL-2uction and plant ,inern~nce costs. 
nhere are two verioas o the ?.J.. desig,'. 'Ihc,trigt de.-na i_... and 2.4) 

i.,: i. il L'Cewhere biC,.s -Ie LOT, avaiilalie .n. .tczie .. asonxy .s useI. and or the 
• t.le cr is low lio.ing a Ieup hole .o ",e Jug. _ie taper desigr, Pi .2.' is
 
mEinlyu . h.e bricbs are _v._lable 'n1 c.::e ; iizl if the water sable is 
 ihigbi 

, .b, c ; i n -e< 6 a &..lle'er nole. _t s muc:i cheaper i"-cn the -lteamnAve comi.nonly 
recoil,,enuee ho'izontal p!:mt w'lic'" i-equir,~rccuforced concrete. 7,oth designs use 
exac'ly "'..e same "aicunt o. ' cks, sand z: ce ,ient end use identlcnIl -as holders.
 
Of tine two "' .s ns, hkc -.. L one i '.ost co-,scnly used in .epal 6ue to the high
 
w•,.-;er bndl ant pailability uf bric,:s in Lhe plains where most plants are built.
 

:cu-i. umrovement has been to chanie tuie method o, taking the gas from the gas
 
hoi, er. Cda.-only rt flexible pipe is usea to 
join the gas holder to the mpin gas 

"'e. Ai ripe detr-dus in surliftht, o-en leaks at the ends, collcots connensate 
till .he pipe bbock-. an." it also pro-vents the Lre( rotation, of t he drum, necessary for 

the mix-in,", of 'he Alui.r. 
D.C.S. desig'1 (fig.2.C0he alows the ";,s to be .. tove.the central guide pipe.
 

It thus e!.-mina-tics what waE a n' jor .,-dn-,;nce proble,. as -:ell as 
P rust problem on 
_he cen,.:Il* uide becaus it is no. closd :.o t' ;' 'rc. ):iure. it also enables the
 

-unn to 
 freely rotatf or reauin7u of iciru,. 1,'..is Jesi- n has been ,sed
 
eXCii.&,-' 
 in :e:, si:.ce 1,- end is If:-r ;ucce-s!.. 

Size: of"Pm­
ro: ta, .IC-.in.! D.C.S..i~ciuea no,-lna0'so.unli. 

n cau.c ecolionicr.lL: tun: ttrrctive. c Le 

Leoo::i d r thu-n the TDIOC 

s., of -:-n,.-xJization it ,€ae 
decideou 0 av, cu_' ,iz es pro:-ucin, 
2 3, >7,, ;rnd 70; cu.ft. (2.d, i.-, E. anm I.I1-) o- bic. .- per any. 

,CJ, ..- , =.tJd,.2. i, nouinaily 1OC, 

:,o lr.r-er 

r-. ',re ,uiilt because requ:.:.u.. - J :c'1, tcLre very Iteary necessita tia 
;r-'uc.cls -n-- c .iso ._- _ei.ni,-n:.;iOjCd size i' the cost 

popU.i- - N. a. 
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7nder *er .riuonditions o: couki. two mlin Mcris plus liiitin -r, th. C.-vnin7, it ires 
beei. fouwid hal holdir -oic rLrris a:oL ,thirds of the Iall v prodiceio:_ ar- suitaole. 

> Jiiebtcr VO-L, 1 L :si,,:irni'.- ~u :vailable inlo2,jt iin o, t.at time iL s 

a L1:1', kL. cattle dung rnixeL onL Lo one with water gave 57 liLrCs of gas, hold 
U-n e'e trnperature for 53 days. Yiio- iet,; voltric was mnqde a bit larger to

illo'' _'or uyiiyurnovin, aead volumnes of slurry fo.-[nnr inside the ti!ester. Subsequent 
r -.;:rci (voi.I] chap.-) hr-- sno.m raat ti',gais av'iability is ve.j temperature
 

i 1. hat he naninaJl jnily gas i. Tehe

ivc, ,,o 
 productin ather meaiinlesb. 

chiJ:atcrj'ijz(,4ofL various si-:ee oi' plant cn, rexlic _.ily gas production at 
(ii: En- -uli'n-y tmnper.turcs is .;iven in table 2:1. Under local theconi'itions 

L3lurLcj tenperature 
 for nost of the year is around ._so0. 

:linnt ,voc '_2..2-3 $)), L500 
" 
i ' 7.1 1 .0 
 24.3 34.0
 

ilasiolder volume M, 
 1.7 4 6.0 8.5
 
inIpu .un per .ay ,:g 
 60 120 213 300 
..[<ur'iial r'etention time tLays 59 5" 56 57
 
cliic fiere~
ton time days 50 5. 53 50 

,aninal pa6 pro uution per day m 
 2.2 5.6 9.9 14.1
 
tieail,-jtic an pre:iic ioo per day m3 
 at: 
,;iiz ei,3. 50.100 2.7 5.5 
 9.3 13.3
 
.dulrr,- temp. 25uC 
 1.7 3.4 5.9 0.4
 
lu-' taIp. 20.3°0 
 1.3 2.5 
 4.4 6.3 

"Wdn 2.1 Characteristics of Iloating steel drum design
 

!,'put ; cattle oiutnmixe.' 1:1 ith ;.atcr.
 

Construction Iktails for .,iig s oe*l dL'u i 
Detailed drza..:in.,s 1:ije. in Piguree 2.3, 2.4 and 2.5. The dimensions indicated 
by lot er:_ are <icon in 7J:i 2.2 for the straight yu,e nd in Table 2.3 for the 
taper typ0 . i.attriJL (uuniLies for all drurn plant- ,cepiven Tablein 2.4. 

3u1ldin' ",in l 

cos,:un "o il-,These ;.,rL npiL.nz:. Det-ils .re tiven in & ;n L(: 5. 



Dimension (millime es) Ident. SbIOO D200 SD350 Si500 

..epth of iestr A 3 620 4 630 4 930 5 540 
Jeflector ledge to top 1 050 1 270 1 2'70 1 500 
Depth Lower "ection Di 2 570 3 360 3 660 4 040 
D ,meter of *it E 1 600 2 000 2 600 3 590 
Liimeter at Ledge 1 300 1 /00 2 300 2 600 

Diameter of H.ole U 2 060 2 46) 3 060 3 360 
Imlet Pipe; Length I 0 4 f30 5 000 5 800 

Outlet -ire Length J - 4 t 4 900 5 500 
iipe Cpenin- from ,'all II 700 400 400 690 
i.ixinr, Fit Uength e:Brea.t: i 610 x 460 700 1 000 -

eflector Lcd(gc to inicr a 1 200 1 d7:) 1 ,70 i 700 

Dcflector j-,di'e to outleL S 950 1 17 1 170 1 400 
,epth of iiole n3 390 4 400 4 700 5 310 

SLL 2.2 uiiensios of jnum Plmnts - Straight 5.Tpe (Figure 2.3 and 2.4) 

• lotc: irne oZ500 size uses a mixing, mrcine (Jimensions in chapter 6) 

Dimension (millimetres) ident. SDI00 SL200 SD350 C-000 

Depth of Digester 
Deflector I. L. to top 

A 
D 

2 520 
1 030 

3 090 
1 270 

3 300 
1 270 

3 770 
1 -500 

Depthn Taper -ction 0 910 910 1 220 1 220 
Depth Lower 
Diamete i :,.r 

Qction 
.ection 

1 
E 

560 
1 600 

910 
2 100 

,010 
2 600 

1 050 
2 900 

Diameter of Lcu,,e
Dimeter oi Lower .,eticn 

F 
G 

1 300 
2 500 

1 700 
2 500 

2 300
3 900 

2 600 
4 230 

Diameter of UIole I 2 >-0 5 360 4 360 4 61.0 
Irdlt Pipe ±,en,-h 
Gutlct ipc Length 

I 
J 

2 
2 

320 
1'jO 

2 
2 

940 
740 

3 150 
2 953 

4 000 
. (7 

.i' o'h Ki 413 460 460 -
i."' i Lenrgthi';i: i:!I~ P 4606 ii" 1 600010 0531 200 -

-
,e li , i. 

±e. 
te. h o oC 

e T 
u 

'nlet 
"uictc. 

1i1 10 1 470 
1 17.)
" ,30 

1 4/0 
1 170 
3070 

1 0 
1 350 
3 54C 

jib,2.5 Di'.enrions of 'Drum :laams -'.'per .vpc . i:,ure 2.5 

i;ote: 2,e C*53,.D in Chapter 6).size uses a mixing m.1cm'lj. (U,inen.:ionn 



Flnnt Zype S,100 1D)200 :Jf3ID550 Z500 

Cement kg. 800 1550450 1150 
* anfW 2.20 3.86 5.52 7.50 
bricks 3,000 5,000 7,500 10000 
Cement I ipe ()im) 3.8 9.4 9.9 11.3 

(Tp)(m) 4.6 5.7 
 6.1 7.4
 

7,;aterial4Y .. ,.uantities for Drm Plants 

Jiges r,er floor. 
..xpec'rnce ir' ir;e1, havin built hunt' c:s o7 these plnts, hi a concrete 1loor is 
har(ily ever J!Ccessvy. i'asonaxy are lower cost .'nd inflocrs much quite adlequate 
aio-t all c: ses. if the groun'i conition at tihe bottom of thL pit is poor, i.e. 
muedy or zo.9 f-nu, thi, a iye of bro:en brie::: c o:cs :IusL be poumn'c- in until 
the (;round is firm. The mrsoni-y 'loor can be built on ;op of this. 3tcr ively, 
a concct±t :±Loor can be laij. 
r2he floor .-Ioul(: be re-.sonably level. Bricks are l :< on c '-e (not on their face) as 

in fiG. 2.6. 2hia nethod gies suflicient stzcngt, because thae *aeiPIt of he !AIs 
is riot i-e than boilo: rLoved. 

Side 'alls 

'Ie side wals ;:2. circular and they are quick and easy to build using a buildiL.g 
gauge (Fig. 2.7). The gauge is marked to iniic:te the different radii used I the 
plant ( 42, P/2, G/2). ic partition wall can be completed after the gupe is removed, 
or alternatively it can be built slightly off centre. 

ait ie es~enial c b.c;il triu sp;ce bet,4een the walls and the sides o. thr hole -idth 
c5L. after ha.dug out rL: .a-ii3COem ol .:al. been bilt. M e earth must be rammed 

taoroughly into place wi'th a piece of wood and water can be auj,_ed to scop, ct -the soil. 
ji major reason for bio;as plant wi:Ils breaking is that TLhis backfilling job has not 
been done properly.
 

*:on'ally ci.,ester nwalls ai-c not built more th 350-=, above rround level. In certain 
cases, sucti m, if t;c ":ater table "a3very high, the plant must protrude more than this 
out o:' Lt.c i-rounC. [u. bri.cwork "!rsi tiien be at.- engthened by tightly tying 3,mm wire 
round every secorn. cour,-e of )ricks, aia plasterinr over it to 'irevent 1"astiiT, (Fig.2,8). 
!arh must be bach- i 1!. "o -ore '.han 1 metre -ao'und the bricks, nt ueflector ledfce 
level. . sIaI 'n,.agc of G Is .:-;:roach ii that the in-ut juii an, witur must be lif ed 
up to pu.t t .cn in t p-e lint. 

2,4
 



Parti".ion '.flJ ils 

Centr't.lCividinr wallc ar co' o.,.y uscd in :'ost plants, c::cept SDiOO str-ight type. 

The wall Jo Ceci,-,neu to control "Ghe flow oI thie aluriy, but some tests on 3b100 taper 

type and . straight types, with anr without part' io:, 'ils ir;c1:.es no
 

noticeblo ii.e:'Le in !7rs proucetion.
 

is t.e '..mi ,:- cc trols the lo'., of 1cry, it r-e-u rcz no .iucta.-uld Ztrenr-th, so
 

a hnl:-bricl: :vl!. (12 uL) in CEs:.. it is built to the to,) level of the deflector 

'his l T&*'.;i:1.cc; - :. .es.o.uc..o- :.he into the ges holder..::c ,.ns;er 

l,;is .l :-;..s, t.lL of.nplant without ied;? lose about 1J, e? nore in crse t ie-- type 

pla.r, I'.i I(rud ic :'.:.X '' v.ru abou i,/. , , the .older c'cu terence 

and .c... dc . .t. It ca.: '-t us -d a a crnv( .. m.:f ro-. ;'i'0c. .0 0:..'V 
,. £L:I i:i].'t ft"C' lr; C1 

i) tLo C._'O-Cv 3-.t'.-: 1,,t _:it u th.-: hcight i:ic, of.l of 0f the 
S':3. .,ohL.er' ,).*. .i - 1,ua. 

ii, 2.roi x. o-: to 'uu'.i o ".L., .,Lp: th, hr-, -', :,. the : j,.us of the -pa"o:, 

'hoie' plu-s ]1" - 30Gr. Thi z gives cufficien0 heat i.ur tue slur. y to :.un quiudlv 

an, e.il..- itot , 
"=I t'rein ',Q' ' !W ld._. o 'he :urt u_" t,.u o.t 5 1pe : the .ui ;4u}- 0.1 f the 
, o ;:e :.s hzJl..er , ius 57 - 60inm. Thin +vo(.,S tre nurry coming over the top 

0. uh ,:i C9.C:. .:Ien t..e slumry anter,: the -.!'nt ._ily the level of the slurry in 

-rile e ri,;sc ruic,.'1, and then lowe:r.' rlo-.i u thz e2luent comes out of the 

Central guj-fE. pipe 

neac centr l _ide must be vertic;'l Lthe .'.:jse the . lrci riv:, not move up 2an. nown 

freely. 1. is iecl. in pou~ition by two cross supportsa r..u of -teel rod which are 

cenentei into the side walls. 

j.-, of 5ia i in r-ormal between tne gc iol7er rn6 the si:ie .!i'. ien builin.'? the 

wc. s above "vhe 3eflector led je it is iielpf',!' to use a mv. . rin: i'o.; from the central 
Cai. e to the wa.Ls in cri'er to G.Lthe righ't raftius. 'hr' . n-th 0' the measurini rou 

is : rac-iu of r's nol::er plus i3ir_, minus r2?.ius of tenet.-7uie. 

Inlet an Outlet 

about 
req)ective co-prxt:,eni. (1i away fro, thCe wlls'). .is position is not vital but it is 

important t..:t 'he .lury moves at thu bot.on h ',- vol'nes 

i owe end of hc in!nt in, oulct pipes re p n.:och in the centre of their 

Lester and that dead 

of varmovin- " ;l-.'e not E.owe6 to forn. 

ihe mouths of - ilu pipes aire set above the .loo' c 'iCes-cr (350mm for the inlct 

pipe and 250M-,1 for the outlet pipe). '."hin f,,.Cilitatcs the clearini, of block%g-s by 

roorfin - . :,ai in can' stones etc the plantan r.Lo prorc :c , volume ,r,,c rn: get in 

and build up over. period of yer:s. -2he inldA tieiht is hither than the outlet 

9.6 
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t to n 

eol i' or1( notri'l Lei)~ ") 'h Oius e
 

e 11 ct-poatnotLCe-

:ii, !o~nLjoC i nonee"I o',-)Iaster th: insi'±e'4" 
e.0Uo cvolt. tile o4a 

~oul(, 'it Er Icv to Oor(, MnY ter movancnt willi aec xromn he 'cdgester, outwa '' 
I*i. crt 4 i (uw- ill enter e'ndainy o any a In~hiole S-0'ro'rz)ck.'~~C or% hi 6 ier on theit c'air uc ror~w2k~ L only~r 

'111C'Ps 110it'ECZ's ta welde cteel cc:'Istruction wit~i aste1~el . t. pnen. 

41 is' intflfiiirn 2.c,, 2.*10$ 1nldji i.na)r i int'a) 
't 1he len~thi of pjjis 3±out t,,:1oe( tle d:CL: sie' hhto nz ''I'etiegt t, ncralpropejcsipotile
 
tht, txn miovenx 
 am', do mn. 11:11-45 '~ pipelhas a 25rrn miiall:r tUie~t 4jn&'pp 

in i-.ii ,, it J'itsin± tite 3xvn 'it i~,s found 'that c'oser~ft-8 0 povn fe
 
mO%(,-1lj.u - o cournulation* Tile pipe 1i'oL Oyw olamipa3 on1erss'ospp 


7ii'OcL it ii'U.secl ro!54 iO tod torth r with '-tio bolts ch. 
"
 

e r'.L eiedohe *'"r'±~Th 

su~r,. Ps , bent ovei, to, i)r ~io ~ ood nhri heoeilsoitjl h 
anchor~~~ ~~ f,'-tl t',,,lsth inljower end o±, ':,c pipe is (ejotjcd andP~'ock4 i ol 'On r.ennethe 'botturn, Te pa '~-'i 

t~~" pipe inlli'0Lrch.itaiis Ooc?!'et. qThsc oigm' ' h~ be~'n' "tobl"'" fre' e '''' ~'~ ' " _ 

''tFI 



Dimension (millimetres) Ident. SD100 83)O0 SD350 M)500 

Diameier of .i n 
iteicht of i:zuniSid( S 

1 500 
1' 00. 

1 V83 
1 220 

2 500 
1 220 

2 800 
1 400 

.1eif'ht to ..lot 
heiriit Ccitr .. b,.,ve :ide 
Diaiactcr 01 2o., late 
'.0iJth -"' .0tch 

S1 
2 
X 

950 
65 

1 510 
10 

1 190 
90 

1 e0 
27 

1 220 
115 

2 510 
35 

1 410 
130 

2 610 
38 

, *TI~d :)e Lea;th 
6uppurt Lui'c -pe Lrenth 

U 
i 

1 630 
1 900 

2 00, 
2 2 

2 
2 

030 
300 

2 
2 

330 
600 

.Aadu2 (.f &.p ort :r. 
Lenf.t1 of .u's 
Len:,th o: 
zlo 7Cr s.s .,ockeC Lizu) 
\1iliu, of ,..c= _urker 

LLng1,61 of :ciCW u,'e.ke.l 

Y97b 
Y1 

. 

21 

910 
7, 

- 7 'Ga) 
140 

1 050 

I 130 
1 130 

L.,1 
33(/"GI) 

130 
1 2-0 

1 490 
1 440 
1 185 

33(4"cx) 
1 010 
1 200 

1,650 
1 600 
1 335 

38(1lvX) 
1 190 
1 375 

*L2 3)35 220 270 
1 015 1 2'7 1 275 1 465 

3 
263 

1 040 
640 

1 245 
615 

1 235 
730 

1 420 
420 253 485 .575 

1 025 1 29,0 1 250 1 435 
- 31. 675 1 035 
- 1 260 1 210 1 390 

R6 - 765 90 115 
- 1 230 1 285 1 475 

" 7 - - 745 880 
7 - - 1 225 1 405 

- - 55 420 
- - 1 260. 1.450 

TILDL - 2.5 Diensions of ,.teel Lrums. 

Steel dru.
 

In the centre of the drum is a guide pipe wihich rides on the centrl suppor-. It is 
just ovr 1-1.tjmne;3 the hei--ht of the v2um aid? Pjid closed at the top end. Two slots 
100 x 3.0 .'.. ].cut clo-: The roof of thf &-6amito allow gvs to pvss. Holes are 
not ue." I.- sa cc.lidet brockct .i.h scum. 

,The top of 6:c. rr - is conec' Kinhped, about 1:1u, to allow rain wr:ter to run of:. The 
conc ic mrri b'. !nj.:int the -Lop plw.e slightly lrge : in dirnieter than the diameter of 
tlie &Irn, cutting rP "7" -~n'n,, notch i'zai the ci d to the centre and pulli-g the sides 

Lengch L) . 
,

.:..co, rt.c:': _,r *rc , between the r,'.drl s;6ruts on the bottom frame 
n,' ;!e ;o, ;ulnLe, c v; z7 r - rizij. (It) fran thc central pipe. 
ll drinis :r~t. t.e. .or tee') s orior -o pnintii!7 by fi!1.inf them with water. 'iny 

le-i-s -..ust be ,elftd. 



Clicaniiw3 ind ttainti-r, of steel 

.Tne ge drU is !..e J~o !ilc ;;ecl which, 1-hilc it i,. L-ty to wck~.eld, is 
i.Labject to r s- t-scially oni the nied L ','i!ch outdin in and o.': th slurI.7 twiue a 
day. Goodi quality steel shect shoul l be w~et., I'Vee at3 possihile fran runt, with 
CIOnit.:. or .4ep cor'rosion and it inisi. . pvo.' evly len- nm i)ntt&,' Hr . 

a,: 'ec: use~(. ":ut- lao th. la~c: of an ruternn-tve. Id~yric .inishoC '-an drms 
Shlcj.' :)e 0, n to :c0nove all Lhi( r. * usL o ,. ;:*1.;c..I k'a :.P'ck or tcia-% 
olue~ x *,: . y.±,. ThL., ;:Ict%:OL v.2aou:.d .:..L L~~ 'i'imes o:r 
,:u uzr %m- cieaned steel. 

e~ VL~ ,~U ),U:.tL4 it w;~ 'jeen t. in. bitu: uin: '~C the ou.nzvL : _ Iha1. 7irtv 
efcCc-t!: - ,otccLior -u -.as ,.ii.'.vu*-~.;.v"ine imetal.io p::ircr in3 usc-d, villicj 

irc~rct(P'-. .r .m, P:th'.drv' fZ.* ofu' 3:.c'.micronn Y2 fololeci. hy one 

riS, rrcconi uo7'k :-'-,C AI 'ec.nin an-lIjU :I* h tr-.:-rtc.d ., 6h Eite 
1Ahf,7 i~t is "0 !)C: IXL., w~ rcn;..r my cscra&;.hes, ani. to I -cre-se the pi'int thic'm~ess. 

-),int rjcjLby bmic'i, no i'i: oo 4.!Jic,. L, be vnrlicC. ~th an air so!'y "Irls 
rpe -'2:tt' -i±v O_- not 1:.ov(r thinned !z too much tinnlfc.. !rc"IPz ic.m the inr.Lt 

mf CUW-. -Z IC C PC7 wcJ2 .c'r r-rinr ;*or come tinuc. 
av-ht, ~~~~" ni -1cn. --.. !y nn'intine i.rtcihine c:-n be usc.*. Ir thish.hnc~urcL 

cme a first cort o!, Dn,',Cr-'L m vKuc'lli' arlc as . "mist owjt", so t'Ihin tv';t it 
cmn be -2een tLIrouph. ,..r.. t:LS: :ccllcrt rMhcsion to 't>,.e steel. it shuta, be 
fllvo.,i by i -icon-' cuit (30 t-tv' oZ ~~nr 

wa eminn 'c ernablenstcl' On tie o'at*e*: sil .-s fn' then r..-less rapriw. C...:'l now 

te-Ea r,'riour problen uin~1 hcl'erz cn~ o':t 1-o a fc-w'mE cr.IX not properly 
mj *xteed. crznnct otrearvd mw-.' th; .-- imer: flOL-,u '.C bel'. it bu torc ';' 

tarne Lc.'.J.w-un P-iie. e-lr ap'vc L)eij ro.:e( cri t c 'z. ' ', )-o-.- v.jpints .i5It to -the 
"11iJ) t .por ~in-. in McJimna. moz.' ' c plu~ a 0l~dlo thle.-L rl: .a-c, . rl'otic 

~*i *Zer~'no. -n.'-,-c&y: four IwJnro7F 2ofts we.rQ 

1. ~n.r.z . j. .o Ppec *-au ,'ounA to Le P. oerior .a1t-ln probcni J l 
I . r, Emuil- t "r*~ ~ m~:'j...eoveo. trimot.h hc cr 1 ]."..e po, th .ctuo0 
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Chapter 3. FIXED CONCRETE DOME DESIGN D. Lilford 

Characteristics of Design

The dome design consists of an underground digester pit with 
 aconcrete dome-shaped cover over it, 
to collect the biogas as it is
given off by the slurry. The enclosed chamberconcrete plaste " is lined withand is all underground. The design used by DOS is anadaption 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 

instead the slurry 

it cannot move up and down as gas collects;
in the digester pit is forced upreservoir, into the slurryas the biogas collects under pressire (Figurebiogas 3.1). As theis used from under the concrete dome, the slurry flows back from
the reservoir to replace it.
 
The version of this design developed ina W)S is made of concrete, withminimum of reinforcement steel in it. Brick 
or stone masonry is only
ujud for the inlet pit and slurry reservoir. As there is
pressure under t~e dome, when it is full of gas (up to 

a high gas

1.2 metres water
_uage, 1200 kg/m ), the whole dome must be covered with a minimum of0.8 metres of soil 
to hold it down. A central turret of brick or stone
 

Inlet Pit Gas Outlet Turret Slurry Reservoir 

Pit 

D igester - . -- _ . - - - out leIt 

Dome Plant with no Gas 

Slurry Overflow 

Dome Plant full of Gas 
Figure 3.1 Displacement Pri ciple of operation of Dome Plant 
Gas collects under the dome aid forces the slurry into the reservoir 
As gas is used, the slurry flows back into the digester pit.
 

_ LW 



filled with soil, also acts as a weight, as well as supporting a gas
outlet pipe and a scum breaker. Access to the digester pit during
construction, and also if the pit needs cleaning out at any time, isfrom the side, through the slurry reservoir and outlet. (For safety,nobody should enter the pit until every trace of cow dung has beenwashed out of the pit and the remaining biogas has been fltshed out,as 
it is possible to be suffocated by biogas in the pit.)
 
The two key features of the DCS version of the Dome Design are the waythe dome is built and the way it is sealed. The dome is made by castingit over a mud mould, before the digester pit is dug away underneath !t.The dome is sealed with a cement plaster coat with an acrylic plastic
emulsion paint mixed in it. This design has prov°ed very Luccessful in
;Nepal, both technically and commercially. The commercial price is about20% cheaper than the steel drum design and the farmers seem to like it.Because both the digester pit and the gas dome are underground, it isbetter insulatcd than the steel drum design, so gas production incold we-ther is greater. Further insulation, in the form of straw or
compost can 
easily Le added. The DCS design includes a scum breaker,
fitted through a pipe in the centre of the dome. This item is not
essential, and could be left out, but it may allow farmers to cleanout 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. 
A disadvantage of this design is the increased and variable pressure
of the gas in the gas dome. As the gas 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
pipes against leaks and can also cause certain gas valves to leak. Italso means 
that gas burners and gas lights must be carefully controlled
 as 
the gas flow through the jets is increased (by up to 4 times). The
high pressure 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 skills inplastering cement. theIf 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
Nepal: CP1O, CP15, and CP20, where the numbers refer to the nominal

total digester pit volume in cubic metres (Table 3.1) 

Plant Digestes Dome Total Working 3 Input Retention GasType Vol m Vol m3 Vol m Vol m Dung kg Time day Prod 

CP1O 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 14.1 5.6 
 19.7 16.9 120 70 3.b1
 

Table 3.1 Characteristics of Concrete Dome Design.
 
Notes: The 'Working Volume' is the mean volume of slurry in the

digester pit (taken over the daily variations). 
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 CPIO 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 5HP engine for 6 hours a day. 

3.:
 



Construction Details for Fixed Concrete Dome Design
 
Detailed drawings for the Fixed Concrete Dome design are 
given in
Figures 3.2 to 3.6 incliUjive. The drawings apply to all three sizes 
of plant, but are only to scale for the CP1O 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. 
Tile centre of the dome is located and a circle, diameter D1 , is 
m: :ke on the ground, using string and sticks. Two pegs ar placed
in the ground, about 0.6 metres from the edge of the circle, so that

the string tied between the pegs passes over the centre of the circle.
?:lIs string defines a datum line from which measurements may be taken. 
It should be checked with a level to ensure it is horizontal.
 
A hole is dug, within the !ircle, diameter Di, to a depth H In the
.centre of this hole a second pilot hole is 
 dug, of diametar 1.5 m
 
or more, and of depth H 
or more. This hole eases the work of excav­
ation of the digester p~t later on, 
and also allows the condition of

the soil to be checked: 
to see if there are any large stones, or to
 
see if the water table is too high.
 

Making the Dome 
The 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
shape of the mould. The template should just pass under the datum
 
string and should be regularly checked with a plumbline or level to
 
ensure 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 4collar'
 
and the weight of the dome, and the earth fill above it, is taken by
this collar as it resgs on the earth foundation. The soil in this area
 
should be disturbed as little as possible, a3 the shape is cut, and 
 it 
should be packed as hard as possible to form a firm foundat.on.
 
The dome shaped mould should be shaped carefully according to the tem*
 
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 iin 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 is applied.
 
The concrete dome should be cast at one time and within one day, so 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 sand and 3 parts aggregate (small stones, 5 to 25 mm
diameter) is used, with as little water as 
possible 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
 
sricking which is wetted regularly, so the concrete cures properly.
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Item Dimension (millimetres) Ident. CP1O CP15 CP20
 

Concrete 
Dome 

Outside Depth 
Inside Dianeter 

H1 
D1 

800 
3 100 

920 
4 000 

920 
4 000 

Radius of Spheripal Seg. RI 2 020 2 820 2890 
Included Angle ( ) 101 361 91 10' 91 10, 
Thickness of Shell t 60 80 80 
Width of Collar 
Height of Collar 

2 
2t3 

190 
160 

230 
190 

230 
190 

Length of Collar 1 800 1 000 1 000 

Turret Height of Turret T1 750 750 850 
Diameter of Turret 
Length of Gas Outlet 

T2 
T 

750 
900 

1 000 
900 

1 00 
1 000 

Slurry
Inlet 

Inside Length Sides 
Length Cement Pipe 

I 
L, 

1 200 
2 500 

1 500 
3 000 

1 700 
3 000 

Digester 
Pit 

Depth of Conical Sectn 
Depth Spherical Segment 
Radius Spherical Seg. 
Diameter of Inside 

if2 
H3 

R2 
D 

780 
580 

2 100 
2 900 

270 
1 090 
2 200 
3 800 

783 
875 

2 500 
3 800 

Slurry 
Outlet & 
Reservoir 

Overflow to Datum 
Datum to Floor 
Floor to Base Outlet 

G 
1G2 

G 

240 
560 

1 060 

160 
680 
630 

120 
630 

1 195 
Inside Length Reservoir 301 1 800 2 480 2 640 
Inside Breaith Reserv. S2 1 250 1 250 1 760 
Length & Breadth Outlet 600 600 600 

Template Diameter of Guide Pipe d1 42 42 48 
Scum 
Breaker 

Length Outside Pipe 
Length Inside Pipe 

J1 
J4 

1 870 
1 950 

1 990 
2 070 

2 080 
2 160 

Base to Rider J2 630 740 740 
Length Bottom Blade J3 1 400 1 490 1 800 
Length End Piece 5 0 0 100 
Radius of Top Blade R3 1 980 1 980 2 480 
Diameter Inside Pipe(OD)
Diameter Outside Pipe 
Diameter Rider 
Diameter Steel Stud 

c1 
c2 

cc3c4 

27 
33 
45 
20
20 

27 
33 
48 
20
20 

33 
42 
48 
254
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/
 
cement pipe is placed, which takes the sluri-j into the digester pit.

The inlet pit itself is built of brick or stone masonry on a simple

foundation. It is 
a square of sides: I , 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 least 0.5 metres above
 
datu.m. 
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. A removable stopper for the pipe is made of wood, 
or
 
concrete cast into a suitable shape.
 
A brick or 
stone turret is built on top of the dome, to support the
 
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).
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CP10 Size Oement Sand Aggregate Brioks 
kg 

Concrete in Dome (1:3:3) 260 

Plastering 

Brick Masonry 

Concrete Covers 

Total for basic plant 

SExtra to Plaster Outlet
Extra for Support Legs 

Cement Pipe 

Steel Rod (6mm)

Acrylic Emulsion Paint 
Scum Breaker
 
Gas Outlet Piping
 

CP15 Size
 

Concrete in Dome (1:3s3).500

Plastering

Brick Masonry

Concrete Covers 

Total for basic plant 


Extra to Plaster Bricks 

Extra for Support Legs 

Cement Pipe 

Steel Rod (6mm)

Acrylic Emulsion Paint 
Scum Breaker 
Gas Outlet Piping
 

CP20 Size
 
Concrete in Dome (1:3:3) 500 

Plastering 

Brick Masonry 

Concrete Covers 

Total for basic plant 
Extra to Plaster Bricks 

Extra for Support Legs 

Cement Pipe

Steel Rod (6mm) 

Acrylic Emulsion Paint 

Scum Breaker
 
Gas Outlet Piping 

260 

120 

-5-0 
690 (14X) 


50 (1)
20. ) 
2.5 metres
 
40 metres
 

5%) 

5X,)

(21)
11) 

2 litres 

360 

140 

70 


1070 


50 

20 


(bags) lit (bags) lit 


(ii)

(8 

3) 


23 


11) 

X) 


3.0 metres
 
50 


3 

420 

170 

90 


118 


70 

40 


metres
 
litres
 

111) 

9) 


(4 

2 


(26) 


1
1%) 

1) 


3.0 metres
 
75 metres
 
3 litres
 

500() 

600 18
 
460 14 


70 2 
630 (49) 

160 (5)60 2 


1100 (32)

750 (22

540 (16)

100 ( 


2500 73 


170( 5 
60 2 

1100 (32)

900 (26 

680 (20 

140 4' 


2820 82J 

250 1 8) 

200 6) 


500 


-
140 
640 


(bags) nos. 
(15)
 

1300
 
4) ­

(19) 1300
 

150
 

1100 (32)­
-
-

200 ( 6 
f (o38 

-
1500 

-
1500 

150 

1100 (32) 
-
-

280 
1380" 

-
1900 

-
1900 

300 
)
) 

Table 3.3 Material Quantities for Different Dome Plants
 
Notes: If wooden covers are used rather than concrete over the slurry
reservoir, then only 5 metres of 6mm steel rod are required.
Plastering of the bricks in the slurr.y outlet and reservoir

is only required if the outside soil is porous.
If stone masonry is used, 
couble the cement and sand quantities

in line: 3 of each section.
 

The pipe fitting can also be started, to take the gas from the plant
to where it is needed. The pipeline should slope (1:100) towards a low
point, where a water outlet device is fitted. A small brick-lined pit
can 
be made to allow easy access to it (Figure 3.6).
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Digging and Plastering the Digester Pit
A pit for the slurry outlet is dug beside the dome, to a depth: G2 
 +balow the datum. Once the dome concrete is set, excavation of the 
G3 

digester pit can 
begin, soil being removed via the slurry outlet pit.
If the soil is firm, the whole pit 
can be dug at one time. Great care
must be taken not 
to undercut the edge ofpipe can be lowered through 
the dome while digging. Athe scuai breker pipe to act asfrom a centrewhich the radius 
 (D1/2) can be measured, with aat a depth: H below string or tape,the end of the fixed gas outlet pipe. The
concave shape 3f 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 can away until this stringbe held taut over the whole floor area. 

if the soil is loose and sandy, brick pillars can be made to help
support the dome (5 for CP1O and 7 for CP15 and CP20 plants): one on
either side of the outlet, the others spaced equallyRecesses are first dug, one 
around the dome.at a time from the pilot hole to under theedge of the dome, and 
a brick pillar (height: H,) built up from the
floor to 
the dome. When these 'legs' are completg the rest of the
digester can 
be excavated as 
usual.
 

The whole of the inside of the digester is lined with cement plaster,
walls and floor. The plaster is usually applied in
10mm 3 coats, each of
thick (CAI), using mixtures of 1:6, 1:4, 
1:3 of cement and sand,
for respective coats. As little water as possible should be used 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
soil is loose and sandy, it can be 'dashed' onto the wall, sharply
throwing it from the trowel. 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 cleanedand scrubbed with of all mud and loose sand 
The surface of the 

a wire brush. It is also dampened by bruohing on water.dome is then sealed with twomixed with acrylic coats of cement plasterplastic emulsion paint. The first1 part cement coat is a mix ofwith two parts
paint. The water content 

sand with about 2% (by weight of cement)should be limited to about 35% of the weightof the cement, and the morter should be very well mixed. This coat is
of 8 mm thickness and it 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 
20% water. Both coats should be spread evenly over the whole
inner surface of the dome to ensure a gas-tightpaint can s'al. Any remainingbe applied over the surface of this plaster, once it is cured.
 

Slurry Reservoir and OutletThe slurry reservoir and outlet can be shaped
stone masonry while 
and lined with brick or
the plaster coats are drying.'netres square and The outlet is 0.6the walls should blend in with the edges ofand the plastered the domewalls of the digester pit. To save material on the13P20 plant, the outlet floor can 
be made on
Figure 3.2), a slope (dotted lines in
but steps should be made to
encloses ease access. The reservoir
a rectangle of sides: 


G. S1 and S2 and the masonry floor is:
below the datum level. The walls

(G1 

are built up to a height of:
+ 0.15 m) above the datum, except for the slurry overflow. A
 



lirge overflow gap is useful (eg. 0.15 x 0.5 m) as the slurry can dry
out and block it.
 
If the outside soil is porous, the slurry outlet and reservoir mayneed to be lined with cement plaster (10mm of 1:6 mix) to stop theslurry leaking out through the bricks. This type of leak should beself-sealing eventually, as the slurry dries out in the cracks and
fills them. 

Completing the Plant
 
The scum breaker is place,put in with the inside pipe, with handleattatchedlowered from above and bolted to the scum breaker arm insidethe plant (Figure 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
soil counterbalances the pressure of the gas inside the dome. If
inadequate soil 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 6mm 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 1:2:47
cement to sand to aggregate (stones 5 to 25 mm). The covers can be made
as several separate slabs to 
ease 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 radius (R1 ), 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 i.ot twidted. A short section of pipe is
chosen, 
to fit round the central pipe of the scum 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 from angle iron (25 
x 25 x 3 mm) and GI pipes.
The upper arm is bent to 
a radius (R3 ) and welded to tht
(length J 3) A strut of angle or 

lower arm
flat iron is welded between them.
Only the 
 lower arm is attatched to the inner driving pipe (c1), with
a bolt, passing through the pipe and a stud 
on the arm. The upper
arm is welded to a "rider", a short length of GI 
pipe (c3 ) that rides
on 
the outside of the fixed pipe (c2 ). The outside pipe
welded to it, so it 

has 8 studs can tie into the cement dome and the concreteat the top of the turret. A handle is made from GI pipe (ci), attatched
to the inner pipe by an "elbow", and welded 
or brazed for strength.
 

Practical Experience of the Use of Dome Plants 
Two follow-up surveys have been done on 
the first 11 plants built to
this design in 
Nepal. .Afurther 12 plants were included in the second
survey, built since the first. The second survey included 16 CPIO,

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



All 23 plants were working, at the time of the second survey, when thefirst plant wasbuilt almost 3 years old, and the structure appeared tob-a 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 pressures. No owier had any other problems with using their gas
equipment at 
the e greater pressures.
 
The scum breaker caused some complaints. People objected to ras 
and
froth leaking from the pipe when the dome was full of gas. This was
deliberate feature of the original a


design, to act 
as a "safety valve"
when there was too much gas, but 
the pipe has been made longer to stop
this happening. Gas 
can 
leak from the outlet pit, so a "safety valve"is not needed. About hallf 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 experience of
similar problems with drum plants. However, they are not used in Chinadespite the practice of adding large proportions of vegetable matter
to the plants (FAC 41). 
2cum breakers may not really be necessary.

Some owners complained that 
the slurry did not come out of the overflow
each day, despite adding slurry daily. The soil is 	very porous in the
area where these plants were built, and the bricks 	were of lower quality
so slurry could be leaking away underground, pushed by the high pressurein the plants. The inside of the slurry outlet and 	reservoirs of these
plants need to be plastered.
 
To date (Summer 1983), 
about 300 biogas plants have been built to
design in Nepal, and most seem 	 this
to .e working well. There have been 
a
few problems with individual plants, but the cause is usually traced to
poor masonry 
work. The dome has rarely given trouble, although one or
two have cracked, when poor quality cement (that had lain in the open
for several months) was used. These were rebuilt. In one plant, the
faner added slurry before the dome was covered with soil, and the gas
pressure pushed the dome out of the ground. Once the slurry had
removed, the dome could been
be pushed back into place,the dome and the reservoir pit plastered over, rid 	

the cracks between 
the plant was workingas well as any other.
 

Other "roblems have been wrongly shaped domes, 
 too small because thetemplate had not been positioned properly, and 
too small digester pits
because the masons had measured them incorrectly. The present designhas been 
slightly modified to allow these measurements +v be made moreeasily. Good supervision and quality control are 
essential for the
building of any design of biogas plant. 

•,U. . 



*Chpter 4. TN ,hl DESIGN 

B~asic Design. 

The tunnel design of biogas plant was inspired by the work on plug flow trench 

reactors done at Cornell University (Jewell et al, 1980). It is different in that it 

is totally underground and includes gas storage using the displacament principle 

which means there is movwmnnt and mixing of the slurry in and out of the reservoir 

and therefore the plant is not strictly speaking a plug flow reactor.
 

F-rom figure 4.1 it will be seen that this underground masonary plant Ls shaped like a 

tunnel and hence its name. The slurry is fed in at one end and discharged at the 

opposite 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 soil to a minimum depth of 900 to provide the 

necessary weight to prevent the gas pressure breaking the tunnel roof when it is full 

of gas. The tunnel design has certain advantages over the Dome design.-- It ia 

simpler to build and special skills for cement plastering are not reqiired. It 

requires a shallower digester pit, so is useful where the water table is high, or
 

where 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. Because of the ease of construction it is cheaper to produce. 

Jewell's wor.x suggested that a thicker slurry could be used in a plug flow reactor 

(Jewell et al, 1930b). 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 the tunnel plant showed that slurries up to 14.5% total solids maximum (a 

ratio of 2 cattle dunp to 1 water approx.) gave the same gas production as slurries 

of 9% total solids (1:1 dung : water ratio approx.). Subsequent reiearch showed that 

the aame annears to be true for the Dome and Drum plants too (see chapter 15). "he 

tunncl design of plant has been in use in Nepal since 1950 and is proving to be 

reliable. 

Plant Sizes
 

NOTE. As it is well established that these plants run successfully with thicker 

alurries, all the fit-ure reardina gas nroduction ar= bared on a cattle dun' to 

water ratio of 2:1. 7Mis is different to both Drum and Dislaccment designs where 

a ratio of 1:1 has bten used. It means a tr,-aller digestL: volume is needed for the 

SAMP gacpruducion, 



Due to the modularu corbtruction any size of plant can be built, by alte 'in the 

lenrth or by ruui.ng two or wore digesko's in parallel. Thc depjth of the plant 

could also be increased in order to increis- -!e pl .nt volumL, pvid.ea Lhe side 

walls aie mnde otrong enough. bo f,L: drez sizes of tunnel pL.nt hav, bL,.i matC 

,tlua zerles of P4ve standard sizeb is planned. There axe -io desi. ns oi digester 

trench. ,L tnjer'eJ trvnch (Pigure 4.2), with the side walls made frow cement 

mort;ar nla,7erUa onto soil (as in the acne plant), is suitable in places whOere the 

soil is of good quality. it is the ,most co,:monly used design. A bric . lined
 

rectantgl-2, trench (fi.re 4. i; is 
 more enpropriate where the soil io sanay or loose. 

'hO cZ'onz-seCLj.cnrl area of the tunnel, with i hs arvched roof, in about i.13 ino..i. 

r,'non 0.772 sq.:.. Roof 0.330 sa~m.). The ma: onry lined trench hs an area of 

!.,3 no.m., but dead spots in th. cornet'O, may z'ednice this. :,ch 'Imeter lenkt:, of 

tulfleel .t, tlcrLfore, i6 assume, to five an ufCtctive voliune o' 1.10 cu.m.
 

:Ihe atmount of ra, that can be stored depenc- on the smaller v iume of one o! 
 wo 

t'.inr,: either :he volume oi slurry stonr' in h reservoir which reii2ces the :as 

.it2&'aci, or the volunc under Lie pxi tic lined curvea tinnel roof. In uauie 

i.I tn2vo'iupu c:' slurry in Lhe reseroir is used iecause this is the r-nnAor of' the 
;o olives. aliol' aboutit 65%, ' toe dnily gns production at 25°C to ne stored. 

a hir':her percen,,a,7e needs to bc stored then the reservoir can be extenned. or 

cac li2! ,tte..: -d:iion le ,rtn to Lhu vr,-crvoir an .xtra O.3(n gas can b'e stored.
 

:Ihe m-iwum sLovage under the 
tunnel roof is 0.330A per metro length. 

D.C.:.. h,'n mrde tn2ee sizes of pi.ant. ?or simplicity, and because the ).sic 

dealn> i-- ho ein" .tltered at all, the sizes of those plantr acc.pted an,] tiose. 

Plarir:u ),oom signoard :re lisLed i1!bio . 

.6 



Falnt 	 1'i6 TP8 T10 TP15 '.J20 

fDigesLer vol.m3 	 4.2 5.8 6.9 10.4 13.9
 

Dane vol.m 3 	
1., 2.5 3.0 4.5 5.9
 

Total vol.mp 	 6.0 8.3 9.9 14.9 19.S
 

Uas 	atorage* vol.m3 1.1 1.4 1.8 2.3 3.6
 

Jorking vol., ) 	 3.5 7.6 9.0 13.5 IfW.0 

input uung k:p/'day 	 60 60 100 150 200 

RetenLion tmv a;, 	 61 65 63 6u 60 

Gas 	produc.uion per 'ay mn 

Jurcy telp. 30.1uC 	 3.6 '.1 4.9 7.3 9.7 

Clurj wtip. 25L, 	 1.7 2.4 Z.o 4.3 5.7 

'lurry cip. 23.3 u 	 1.5 1.6 2.2 3.3 4.5 

*Liis ::conllolleu ,y thle vuli-me of Uispiaccd slurry wuich c,-inbe stored
 
iij tne slurry reservoie. 

-X 	 _.e ;oriing volume" is the mern volu-r of ;lixr in the digester piL 
(ta;ken ov,-r zero and maximiun gac, stored). 

,.able 4. iCharacteristics of e:in) nt designs
 

input : ca-.ttle (ung mi:ed 2:1 with water 

Dimension (nrtai.,imetres) Ident. TP6 L8 11P10 'iT15 TP23 

Twumel Length 	 A 5 500 7 500 9 000 13 500 18 003 

itench Length C 6 500 8 500 10 OCO 11l500 19 On0 

rieservoiL iength 1 1 500 2 000 2 500 4 000 5 003 

Inlet iit Length I 1 100 1 403 1 800 2 650- 3 550
 

OCr use a ;.ixin -.achinL (imensions in uhapev 6) 

TIable 4.2 Dimensions of SLndCard LTunel _'l;:nts 



%WfT?6 TPB8 p !P Is TP, 

0wm.t'm kg 300 400 450 600 80o 
1.15 1.45 1.82 2.43 3.12 

br'o.o Z'O x 120 :x71(90x 424x .120) 1,200 1,500 1,700 2,300 2,900 
Rof ootioi. (Including 2 4 42 66 so 

rwervoir) 

p'kIt4.o soet M2 9.'5 12.75 15 21.75 2805 
nlet ppe (100%)m 2 2 2 2 2 

Gas outlet pipe 1 1 1 1 1 
Reaurvoir cover 2 2 2 2 2 
R'-tition poco 11 

EPcluding requiremeat for pre-cast parts. 

WatsriJl jbr 00Oqmmnts Comuit SadAgpgg R.66 
pe pioco ke (Utf.) 3±tie utm U 

RoO, s8otion 5 (3.5) 7 14 . 
RoorvrAw cov r 10 (7.0) 15 30 903 
Paz~rtit~im pd.oe 10 (7.0) 13 27 .1 

Thble 4 3 Materl Quantitatee for Gtandsrd tUmol p1leto u±Lu[: omet pbwtgvA tryx*0 



Construction
 
I.asonx-y. General information is ,ive.. ii, chapter 5.
 

Detailtd draaings for the t-o Lypes of tauili pianT w.c given i, "!z-ures 4.1 and 4.2.
 

Fi6ure 4.1 can be made to apply to all sizes of plant by altering the lengths of
 

A, C, D and I as given in table 4.2. Material quantities are given in table 4.3.
 

Site Preparation and trench.
 

The site is roughly levelled and cleared.
 

Usin brick wailis for side of trench
 

A trench is dug width 1700 depth 600 and lentth 0 • A second trench is dug in
 

the centre of Lhe first 1370 wide and depta 900 .
 'Die sides of this trench axe
 

straight. Te floor is lined with bricks on their face and the side walls built
 

up 600 Ls in fixu-e 4. 1 section D.D. Care needs to be taken .,7hen backfilling not 

to pusn Tnu walls inwards. The top of the walls should be reasonably level along 

the whole ientrn of the plant. 1hd wal s are built aL the same time. ,,t the 

inlet end the 100 P iniLt pipe is set totolly into Lhe wall and its mouth opens 

400 up from the floor to give space for stones etc., which might fall down the pipe 

ifrire 4.7). , our wooden olocks are s~t into the end wall for attaching the plasti 

to. Ahe end wall arch above the blocks is plastered smooth to protect the plastic 

from getting puictured. 

bsinr cae-nt plw,Ler for sides of trench 

A teuplate (ii=,urE; 4.2) defines the shape of the trench. The ends of the timplate 

are piaced on two bricks placed on either side. 

xnd w;alls are built of !aisonary (Uii-ure 4.3) and bricks are laid along the sides 

as shown on Figure 4.2. These should be reauonpbly level along the wnole length 

of the plant. 1he floor and sides should be plastered al' at one tilae. 

Tunnel ;one'
 

The 'oo.' is built from precast concrete pa-'tn Lvde in a wiould (Figure 4.4 .
 

r'o r,.in!, rc.n,- is ujed. As the plastic ohoet is laid against the insi,.e e, the
 

cur,;e it ane "L_," this 4 'ce mast be snouth. 7ach Diec(. netds o be quality 

cnecked an, e' L,. : i. .,cc.ssar-. 



It is easy t'cp ce tile zoo. pitcvs in pOition if here is one person on either 
side of hne pit Lnd one standing in the pit. A steel rod or wood pole helps lever 

the pieces into position. They are neld there temporarily by pressing bricks 

between thdn and thc sides of the hole and later on a permanent row of bricks Is 

cementea in place. 

If the plabtic sheet in to be held in position by using tying strings then it is 
necessary to place five snail spacers where the strings will go (e.g.twigs)
 

kfuPure 4.8j between eatch 
 pfir of roof pieces and at both ends.
 

1,95 0 hole ir cut in the roof to suit 
the o'asutlet pipe. it is posiLticnea on 
the centru line and close to where the wall for the inlet pipe will be built ana to 

which thc pipe .ill be attacheu.
 

-.....zaTie 
systcn ,' rEnovin,7 the gas without cuttinp a hole is shoa, in 

re t. much simpler to install. ien~s so far on this ncw 
systcn ;-,-r, po::i ,,i,.)
 

The p~r; tion niece (.'-urc 4.5) is put in place, 
 smooth face inr,.ars anO thi
 
*ooderi bl t
s k. bot;.an. On the insidle of Lhe plant all the bevels between the 
rucu ( iCc2 re -iic in and m'de anooth and tnL joints on the outside closed with 

ceent. 

",lurry ro-'voir 

'his is built the RMe ':i'th as the pln+t (1130). The length is made to suit the 

size of u:c ',Lant :;n, the amounc of gos which is to be stored.
 

in t[oe r,:., r.cir it ik essuntial to have a fillut to h.ive 
 enough weight to the
 
tunnel roe± riecc Lo prevent thcm openint 
up when ;as pressure is formed in the
 
plant. This fillt muic. 
 be '-eyed into the side walls using a row of bricks
 

(firure i,.1 s.ctiuii L,. The outlet level 1100
is above the bottom edgc o&' ",he
 
curved roC pieccL. Ihe oPeilln is 
 bell mouthed 450 tc reduce blockages due to 

dryinf 6u.:-. 

To reduce uostv, curv.c. uoof pieces ir- use6 as a cover "fn'i of flit ones 
except :or 1UCu ,i'c:. is -ec-ss-.a_.y for acoo, <i,'ure 4.6). 

ez 


Brick ,al; are b,,ilt 
up 900 fom.i The botto-n of the huanel rooT oi*ceM. q! u t:ie Cdr'ed nicce placea on top. 
if any rouf piecei ,:&t "hrna-& in transit T,.h;n they ucn be vr p-iruC and used fo' 

this cove'. ,ie :laL roof pIec. tC exLr.me .11(l 11,,lV iole covur~Td by a 

wooden covr. This is to f2ciit.tc ranovl vf a bucket of slurzy ,iay foreacn 

http:f2ciit.tc


I eeaij,, 6t .. e.; slur'-y with appropriate uace.ia. 

oiuxiry inieL
 

Not. c'nc of is u-wallow with a large surlace area so that
eci'n inlet pit shown 


8iuri'y call be uass.!vely heated by solar ,-orgy in winLer -eather (refer volixne 
 2
 

chapter b). -Anere Lhis is not required the depth of the pit can be altered Irom
 

150 to -5U anu the lengtri shortetied by about 7C0f.
 

The inlet in built Ghc sane .,i th as the plant (1130). Lhe extreme end wal' is
 

ov,,Lun _n 
 or .er -.n'lt Lhe inlet pipe can run sLr~night into the digeste'. Thle
 

l,'njtui i:: Jtcr , to suit te size of t;:o pl-.-t nn! the uily input slurry volume.
 

The eu L:-, to allc-, 75 ior the slurry Pnd 75 to u-voiF spills when mi.xinfz.
 

i' ,,ic linin - ior turnuel.
 

Gan. i o.e !n hc roc_ o ctac unnel usiziF7 a plqstic sheet 1503 wide x the length
 

of the t.nnul D ertra 10)G for ends. I¢C 0.45mm
Plus an t.he tiack has worked well
 

ai. i,' rc :ornai.ly e1si].y obociqle aecauos this thickness is used to cover seats.
 

912, or Ic ,a:ui plnslic if 'ireu uccause it is e'.sy to repair or join usin?5 

ev±' Ilue. iijr,, frequency PVC plastic welIdin macnine is preferable for joins.
 
Other petDo o i , epal are nal;in.'- tunnel plant- usin two thinner sheets ('100 gauge)
 

of polyel.elene. 1T an ue joinea b, hot plLc lieldin!:. riowever, it cannot be glued, 

so nunctIIue 'eoii is aunv, t >ipossible. it is 'eadily avvilable and low cost. 

If olici: :;aotic sheetin" is usneu then it easily can be checked for punctures prior 

to inttal- .ion bj ,oldin, it up to ;,he light. Care must De taken not Le nier'co or 

puctu,'euh rlpstlc w.,,. 2ibrin. it in l..;c an the srieet should be lair on a mat, 

amck, or ;.r.,;. it nhoul;: nut cc alizeJ on. Two i,'.Lhods of jutzinf7 lue plastic in 

p.,e nv:v, '.ecn u -a. 

y~in-r zLrinr-. 

PlastLc sLrinr, , oi ,-oes not rot when wet, is useC to Lie loops (itr7e '.7) 

previe'usl, .',elded ol,*o thL u1..tic -caeeL Lo ,re r..tnd'Jer pieces tncou.h joes i 

tIlL concrte Lcoi pieues _l're 4.3. .-iv, se's of Icop; a-, u.Ltached . % .rvals. 

FiVw o0;j, L3 ill soL ,fu, ...re IU h Lo i,,i,77'mniento. AmLe. :itbin-, L. I the 

hoic t. irou-.,hic!i Liie otrin- pses ,xe closeu w:ith ent. vann asibco oycLen in 

used it ir necesc;7! to it tile pi-:3tic -iuet "eor. ne inlut and slurry reservoir 

are built, in order Lo t-t,
access.
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Plastic r-te
 

.ith thi.. muthod the plastic sheet is surnured fra un..ern..ath by plrtic ')ipes, 

,.reich fit into the r-ti-l -'V grooves oetween each pir of concrete reef ritces 

i±rur 
 4.T). he pipe is low cosL, " bore, stiff, black wate',' n]ipe. The
 

radial "V" grooves ar. not filled 
 m, ..in but m.:e ooth using fine sand and cement 

Lo covur up any roughness which could puncturu thu: ;neet. This is importnnt. The 

enad of t., pipes hare dowels put in hei z Pre na-iled inklo wooden blocks set into 

thc 'an.IL irmrwedir.tely below the curve, piecLts. 

C~rfm..x t oc ta.,:Ln aI oot: cnds of Thu p!.-nt as only a hall' '" is o-Tnned by the
 

roof T,=ttc. ,. 
 lull ','" cam e oonnel b, lcavin" _,mall -Ip of 10 - 15mrm between 

the e., ;he <Ioinin- rco piecu cn,* uin,- cementA... morta: to :onn tae f. l1 ::V:s. 

Gas ou, 1 c ' 

Air,- , AlY. t cable is -ivon in fu-ure 4.10. 'The inside fn:ces o both 

_teel !.''r.,:es mooth..,,,s )C M,Co.nneai m 

T'h "1pr, p1n-00 tiirourH the iole in tho tunnel roo: besi:e the inlet uofore the 

pl ti, et is in ,,%lied. it Is neld in positio-, \ th a clanp and 'J' hol-6i set
 

ino th '! of uhe inleL nit.
 

.be pl, ilic .t in ci-nmp: *e..een bbkr ".,cts
r rnr.e :ron ,dotor vthicle inner
 

.ubrs,. i.uel..i:n u hrass
b:tn' boltu 6imefit into threcaed holr-6 between the 

rub',er :,P In. .fter Li htunin up Lie ioooe 2J:unge, he centre hole is cut .uL che 

s-m Lizc ;': tn., Loru of the i4 pe, usin a sh.axp knife.
 

.n : ,-. oun(, the out-i...; of the pipe 
" 0 ,-l it ,rnd prevent slurry leks< which 

w./oulci cth.-.;i~L occur. 

}rctical.exoez'ience with>.Iniel "1!nta]. 

ix .drilt.-, four cf .T78e size h:, bee: built -oi- c"em in :.ep r. ..11 i:,ve
 

ior.e. ne-. r i to 4
-. .'o yeax- theyuha,e been built. xle ixNce ..,i :i one plant 

sao1:: we -,,ect,:-n.ity for .et in -n, urfv -.eiervoIr "o iold lo.n The rzoo' 

Sec tiujii -.. n,-. 'he iI,..'n, 1 .' prnsi.:rL. .. ± .. ue: ., the u,,ntl C-Z. " to be 

:..,= .urclu'.ua:.-se ;, ,.z±" uuze ouU' Inc6,... S. b pressuf.',. 

1ol ny ;..e,,cr: -,(. -o.. ,oji.,i uc pi.;st.c onee. in '-ye been us ,uL 

neithe,- ,yCy.U. 1 :s 'er:'-c . iL': ,,'.." i]..' tic c ;,r.,Cr c-, !!as 1,o be takn .0 !;et 

ootne m'c:; and Lo press uie pipe i-:.-:.y into pozi1.ion otherwise it can slip 

out "iie..:.,,. 'he tying uy,'.bem orn: pruviued five tiet ,ru used. -firee proved to 
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be inmsffioient to hold the sheet close to the roof an, slurrY collected in pockets 

between the rooi ana sheet. Access to the outer sdrface oi the rooi pieces is needed. 

Over 70 experiments to find a suitable locally iv;ilable *,lue -.o a.tach tLe shLet in 

place have bcen unsuccessful. Currently i new system tn hold ttie plztic in place 

is beine tried. A pair of hlf-inch wate± pipe are ml.e in,o an 'H' ahetpe but 

wich two cross pieces which are made out of btii (5 GI) ndre. This frame is 

prtsied upwards tighLly &$,-inst the plactic LieeL ihe four ends of the pipes 

ret on ouicks protruding into The plant Lmedi-tely below the arch. Pairs are set 

at 500mm intervAls and single ires used to cLnneci the pairb (1i6ure 4.10). This 

syotem is the easiest to install. Mhe 7ao ou;let i-ure 4.11 works w;el.1 and no 

blockages h-,ve been reported. It is expenivt to make and needs care ir irstal- ion. 

The new :;ysten (Fi-ure 4.12) is lower ;ost an, much c -ir uo install. i is .einp 

tested a, present.
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Chapter 5. Selection of Design, Size, -;.,terials and 3ite J. aw 

Designs 

The aim in -. C.S. has been to make biol;az )!Fnts that are low cost, but also 
efficient and maintenance free. Pull details of the plants arc given in chapters 2 
7'2oatinp J1-rn plant, chapter 3 Dome plant, chapter 4 Tunnel plant, All three designs
have been thoroughly tested using cattle aung fed in daily. 

'Te floating drum design was the best known .,hen L.C.S. started its biogas work in 1974. 
The concrete dome plant was introduced with the aim of eliminating the expensive gas
 
urums which were difficult to transport to remote sites and gave 
a serious rust 
problem. 
 it was also cheaper.
 

Finallly, th,.
tunnel plant was introduced to furtkwr reduce the cost and also because
 
it was eobier to build, eliminated the need fo=' high plastering skill and used a
 
thicker slurry, and so reouiired a aznallar di ester 
volume. Later research indicated 
that thicktcr sluriy also coul, be used in all plants although in praotice it is only 
used in 
the tunnel plant at present.
 

AdvantaGes Pnd disavantages o, the three designs 

2 loating stel drun design 

'.dvaAt'p-es Disadvantages
 

1. Jimple to build 
 1. Lxpensive
 
2. Consiant low gas pressure 
 r
Rust problem on gas drum
 
3. S7omething visibly impressive 3. '{ar'". and expensive to transport gas

to show friends 
 drum off roads. 
4. Hard to insulate and therefore depressed 

gas proCuction in -winter. 
Special requirements
 

Steel plates. 

Concrete dome design 

Advantages Disadvant .geo 
1. 20% chea or than steel drum 1. 7a-ying gas pressure

design Min 'epal) 
2. Zasy to tr.insport anywhere Special reguirements 
3. Zasy to insulate 1. ',crylic 7lastic >'nu].sion F int 

2. Specially troined skille6 plasterers 
oun masons.
 

S.I 



PunMel Desi~n 

Advantages 	 Disadvantages 

1. 	 201; c eaper than dome design 1. Varjing gas pressure 
(35 cheaper than steel d 2. In re,:,otu ;c,-cs pre-ci-st parts may need 
design) in Nepal. to be m;dt on site. 

2. Simple to build
 
3. 	 Easy to insulate 6pecial requiroeents 

4. 	 i-iodulax construction allos Siany 1. t.rong plastic sheet 
size to be made
 

iid 2. (Plastic welder ij sheets are too narrow)
5. 7re-cost parts ca~n be inale 
stocked during slack buil.Ung 3. (Ii plastic glue if "VC sheet is used)
 
seasons
 

6. 	 Ohallow hole. 

Choosing a design of plant 

hen choosing the most appropriate design foi -ny particular situation certain 

points need to be considereu:­

1. 	 .vailbility of construcion materials ana okills, especially those items
 

listed above under special requirements.
 

2. locjl cost of rv..terials. 

3. 	 Ornns.ortation of materials. 

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

5. 	 ?eed nuaterial to be used. D.C.C.'s experience is almost exclusively with 

cattle 1iinb. Gther materials coula be used such as: 

i) piC dung ,,ashed into the plant with a low percentaje total solids 

necessitatinr a large volume and plastering the digester to avoid leakage. 

ii) corrosive slurries such as night soil. 

iii) 	vegetnble ma~ter which will need to be manually removed from the plant 

from time Lo time. 

6. :ir tE,,pcirture and whether or not insulztion is needed. 

6electip, the size of plant
 

Plant size clarification 

In Asia two basic ,iethods of classifying p'lant sizes ,!re used:­

a) 'dith loating steel :_n design it is the nuqinal expecte. gas pro6uction per day 

in cubic feet. This is very misleading bXcause gab production varys a great 

deal depending on severc.l ,ctors out especially Claily -lur_, inpkit too often 

people put in too little) ;ind ui.-ry tamneri+-'tu (a reduction fron 300C to 200C 

cain reduce gas production by 5T,/). 

b) 	 With ceaent dome axni tunnel designs it is the tuoTl voluxne of the !ipoLter under 

the -aL storinF7 roof. 

5.
 



Mese two systems are not directly ccmp7.- le. .. owever, i.:e¢ can oe ed
 
once the voinme oi alurry in the ,r 'mnown %in the c:icnt 
dm.L -n :u.el
 

plants it is the ave.age amuwt of slurr; over a 
 "." i.e. the total vol,.,C iesb the 
ave2:.g , :iiut of gas stored WL-ch it; call,-.d '.iie "w-.nvolizni-. 

?Fctor. afofectin,-,.-a. plant oize 

T 7here :iii i*re five main :acto-s ao-vu-' a. pl,n sizes. 
1. Amount of gas needed. 

it may not be possible tc pro)vide as nich ga. oi cesire', but least ii i
 
helpful Lo '<now h:.oriuch is ranTcd.
 

in :epal it is cus- oma.y0 two a..ay consisting. o2 boiled i-ice,
.:'. .y.,; 

lentils and curri,. u vec.-¢-ble6. -heCC may -. so e :n .,rly morning von,.] mid­
aftc..cxi snack. It nr- liven .'oun(. Jiht ur. or hhe:'e circums'ances ti L it tr.ces 

a
C.20 to 0.40m C pel.' ereci per ;ay. Li.:It re.-re o.15mn per !.our but :-.ay 
" consszne up to 0" more ii'"che ;i:r.vr::v is :kir-h. iniines use a mxdrmum of 

about j3 per hor:spcwc:ar peL nour. 

. ount o:' Jung avai e : y. 

,ill -Loo of,-Ten nere is le-I ;l, extcue: thCVC.ore it h , een 
iound essential to mcLEu2tt ',;he u-p 'cr at Icr ...' in cr,.er 'e ct ,. ;_ir 
ite:t of the amcunt of 6un- :i.iAbie. cvn he *;eithed or its voltme measured. 
Lhe 1i'.vc o.' unr- weil nrer e. v.m i: -ilmost .-- ctly one kg in wei-ht. 

b Wich i" STble bound, can be cx;pec-,tt Go provide about 15.cc dunf- per dayhu..-.loc, 

Sco' 0 ox, " .; " I 10kg I it 

H-.ving given these fi-ureb it is still v.ry important to actually measure the dung 

at each proposed plent oite beQu. -'. cI ',o'n much. TDee little aunrv 
eual too little ga6! 

[,'p l ure,
.. .


.actc.i,. in 7vL l k:'rperazure aensitive Pa,.. reduced gas produictionplnf:3 , r..-ive 

at lo..er temperatures. Ilc.nr-s in the .. ouLheir. plains of epal operite k.-' 
te~lpcr . ures rengin: c~er t 2 fro, D C to 200. Thi af'ecte 7a.s nroduction 
by about 5D,.. .7here are :.ys to iicre&su the he,:iper 'ture hch ai'C Piven in 
onapitz 10. 



4. lesidency time. 

The residency time is the working volume of a plant divided by the daily input
 
mixture of dung and water. The longer slurry is 
 kept in a plant the mor-. gas 
can be obtained from it, but at a slower rate per day after the first approximately
 
40 days. A longer residency implies a larger ai-ester is needed and this in turn 

increases the ,ost.
 

5. Slurry thicknese. 

Up to the present time it has been ronjaal practice for 8teel drua and concrete dome 
plants to be fed a slurry mixture of Cung and wa er in the ratio of 1:1 P-Iing a 
total so'ids (TS) concentration of 8 to 9/a. In the tunnel plmnt a ratio of 2:1 
(12 - 13 2.2.) has been used. r'his meant that & turnel digester couie be reduced 
in size hy 23') and yet hold the saae ,mount of solid n.tter. 
iiow.veL,vrerch ha, sho,4n (oi. I! -,hap. 3 : 6) thi.t ilurry moisture between 
6 anC 1.. 3i has negligible efl'ect o;, the rnite of ,:as yield in any of the three 
dcsi,;rnL uf :-'s plant L.2.2. hlc usLC, so E thicki_ slnrry can be .ised in ouiy plant. 

6. Cost.
 

?hL n ,nncontrolling A-ctor is the zize o.. Lhe i:esler which is affected by the 
slurry thi eo used and rci.icncy andi cf cotu..:e thae -moanT of ga- requi-ei. 
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'a3 Production Calculations
 

For theor7r refer volume II 

.;orking volume of digester 

chaptev' 5. 
: V 13 

Daily input volume of slurry ': M3 

Daily input weight of wet dung : ig xg 

Froportion of dry matter in dung : ;,Q 

(ior fresh cattle dung D, = 20,0 approximtely) 

ietention time : R days 

.eedstock concentrPtion So kg/m 3 

Gas production Der day at 3STI : mm 3 ('.,TP.)/day 

Iate of !-as production • rg m3 (,)/!g m5 day 

Constant (fraction of volitilefeedstock)3olids in 
2 f 

( ,o: :-rass fed cattle and buf&T2oes f = 0.74) 

,Aetentiontime itis ,iven by 

V
F and is usually between 40 mnd 14i days. 

the feedtock concentrntion Lo is given by: 

So = and i! usually between 80 and 140 kg/m3 

The rate of gae production per day rg is outained frci the graph "'Rate of $as 

production vs xietention time? (?iqure 3.1) once the retention time hs been 

worked out aid the slurry teuperrture is m.own. 

5.5­



The gas production per day at Standard 'ernpor- ,:.,an rcsaure ( ic given by 

= rg So VF m3 (Sri)/Uay 

Ihe Sas pxoduction per day at any temperature is given by 

G (STP) (273 + gtas temperanure °C)
 

273
 

For example:
 

To find the as production at 25°u
 

c(25 0c) = G Sc, ) (273 + 2 ) 
i73 - 250C)/day
 

'hen thert, ave two unknowns, i.t. wnen tirinr to turk out both retention time
 
and working :olume, it can 'u,.one by s.1porim (c7inra 'racin f iph rg .
 Z 
(figure -:2) on 
top of :7rPh of rt :.- ij reteLiLn Limne at
 
diffcrent temperatures (fir',uc J.1). 
 C 'x.'xu)
-m 


'Xample 1. 'hat is tihe y'i:; -o'utiot (e-n Dt.tt, .t; exoecteCl "rcn 0 tinnel 

;orzinG ,olume 9.Om5
 
Jattle .ung eu in Ii*y 1 0 k,-=
 

Slurry ".enprature 25°6
 

lung ,ater r;-.tio 2:1
 

V 9.0 
 6 0vE 
{Etent o:, Lme = p 0.100 + 0.050 

Feedstock concentration 
So = _ = 10 x 20F '-,.'150
x 100 - 133.333 -73"ig/m3
 

,rom grapi fi6ure 5:1
 

,t retention time = 
60 days
 

and Tempe-a Lure = 250C 

the thi&." unknou.zt c be found 
2ate o: - u r'oluctl a 0.0025m3 ...... "ay 

6as production per day 

re- So Vf 

0
O.o025 x 133.333 x 9.0 x 0.74 

5-6
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At 2!2 

GO-o, = csT(27,+ 25) = 2.22 x296
 
2T3 
 273 

- 2.2* 3 dayat 250C 

6as Productio at STF 2.22 m3
 

Gas iroduction at 250C 2.42 m3
 

ixample 2
 
A fnmer -eioires j;s to 
cook for a L,9iily o 5 and re-quires tCw,: ights. Cn will
 
burti in the kitchen 
for one hour a day and tl;e other will burn in the livin-, quarters 
fo-- Lhr(:c hours a Iay. Ile plans to use a plant .,ith 2:1 dung water :atio. The
 
avtrace ' round (and therefore nlurry) tcrperv Uure is about 270C. 
 He only has 50kg 
of i"i.- .vailable per day. ,hat size oi plant i:"requirao,? 

Ga. rquiruiienL per day
 
.) 'ele 1 (0.313 / person / day = 1.5 m5 / dray
 
4 hours of li-htinp 0.15m3 / hour = 
 O.C m / day 

Tc al 2.1 m3 / aay 

i eestock coocentration
 

-; = 5C x ,
 
-1 0.75 x 100
 

*or.'in. dlumc o! igoster
 

= &h (rom formula , =
 

0-075 -(
 

Gas'roluction per day at ST
 

', V F ( =rnrgSo VF) 

13-.33 x 0.0751 x 0.74 

i.25 M3 (sn,) / kgM3 day 

iutting tracing of -,ra-a f i-ure 5.2 ui Lon u -raph f£i,ur J.1 and : .atchinf up the 
axis. 

:ir.:: W"Lr LIC' t, 0 1nC -.'. iineF ou ,
 

- .57 i -u u."
',ve t,.u ,rapii 
Z7°C is p.opt,-Li.naily butwreei a.;..-., -r, T. *L5. 



Draw line down to Retention time = TII days 

Working- Volume of digester
 

V 	 =PFH
 

= 0.075 x98 7 m
 

:"'
-8heplant built should have a working di :s.tcr ,olume of 7.35m'
 

the table 5.1 SD100 = 7.1, CP1O = 9.0 ano I, = 

,ran 

7.6. Ithe decision as to 
which plant to buila will depend on other factors pre-viously discussed in this 
citanttr :nch as buil.ing material av illb.: ,. LOSI,. 

S D 
 C T 
 2p
 
Plant type 100 200 
 350 530 10 
 15 20 6 0 
 10 15 20
 

.;ork.Vol.m 7.1 13.0 24.0 54.0 9.0 12.8 17.4 5.5 7.6 9.0 15.5 18.o 

?ablo 5.1 Working volumes of stnlard oize gas pl _ntu. 



Buildng Wt6 ,~ls 

is teodn coer the ccimonly "u~ea b 'ildin 

Of he hetpsof 'plant deso'ribe i'in f 
6ons'truot~i n do9'aili!! relatifitolshp~toln 

renpotive : hapter _dealin wihthatpat 

at",Ile2iaaa i' ed in 'the constrc on' 

Jpeca2,,aterialC and t 

,ei~r_4Juedint 

A.' esters 

atrals 

and.'associated masonary workcoan, he mal out- of any of he'na.biliC 
except those which deteriorate with nisture (e~g. unbuiIbricks, lim~e 

-,-~axd mo ta) choice is noimally a [iau,,, fi' , a t t e l w ,u 

tv 

Brics. These muist,.b, burnt 2 Unburt 1.ickcL will deteri1 orate in the. pru'ece' 

ofof" ,moisturein~,the slurry. Walls mnie, of poorer quality~brickc which P-o bothn 

weak'er cud, rnore'-porus, may rced to be plestred oin'hc- in.,.J.)&fae's . 

Duil.'Cing aotene8." ihe' tones ,zieod 1to, be fxee 4Cro 1soil.' S'tone walls, ten"~ to 
~be ut twice the" thiokness'of briol- wa. I. L" require coni'r~l c .morar 

cupnd to isms ecet n~re , ec oiea.c 
'Thi 3~na mus be l'ea~axd',!e~ fromt '6tab'le, iatt or 'and~tn~ '~~zs 

-L I&cciilor oa wl bavek Srd, cani,be.tsted for cleanlins v-YeL .. y 

-b-vlisflldwith /3 sand anut,' 3' ater~ and thnshalccn. 'i e mixtuare is 

L4<lowe6, ~o' zetzle until' the water: isi'l~ <If h mprU (mud et.c)' coi a -

lil'3.yer iiorathan~_,%oftile, total ' oirjht ~Oi the"Sand' Olen it6 is neeeaary to wasu the­
~ and beIoie ueinE it. T1he sanm.is±put 'in'~o~anr .. awelarwad e 

cotinr e.U.4 

isfushedcc throueh it to wash aiway the impiriie'. Finc~a( ricqires a 1ff.FAher 
c m n.t aO aio to gi1ve a siilarbton, t m'A44'4'''" 44 1' r 

el roken.rt ' '6Sic,"4s .o 

GV".Arap l~b~csoe. Sn c uia ftle: concrete -)ec ions axe0 nly bet, e (a
40.'and 80m= 'thick the gravel4 or br6o}'en stones'lused as ag e shul be- tWeen 

<4,.the 

5 ad2 smi'nze.~ It"shldb screened 

appropriatesized.hol'es. It 'should "bc 

by pcssinC, it throu~h wire ieoreens Ai th, 

fIr oc from vef,,table matter-and soil etc. 

. 

Cement.''-,rdinary, Portland 'eanent is, quite satisfact~ory. Additives axe ,not 

4necessarye'2 If the' cement',in sal e, i. c. if it in lumpy, ,hnit will be weaLker, and 
""therefore ext'ra. s~hould be added~ to"'the vcxiou2 :ii.(os.4 Cemnent is 4 'isua--lIy p eked' in ­
5k bag re ,Hwever,~ sane bo, such as thcae, inado 'rom Jt cd' nE, 

<.tend to leak~out'the powder.' Theysinay only conta-in 45 or even 40 kpdue to: 

Ltap;':as tage in trainsit "s' ~'" 



Construction Techniques
 

Cement mortar should be the same strength -the bricks or stones i h-ins ;oiether. 
A ratio of 1:6, cement to sand, is average, although the ratios may vwry from 
1:9 to 1:4 depending on the quality of *he sond and cement, an: ba'icks or toncs. 
-tricktly tipuaking ratios are by dry weight but in villages this is imoobiu. In 
prac.ice ratios axe measured by volumc aind this "s perfectly saidsactcry. 

Concrete u-;: in the D.C.S. designs is no-.ally - 1:2:4 mix c' :eient, sen- z:,r-,vel, 
alihoa .h mi:: of 1:3:3 mix whicih riv L a more cno ict mix i,'uc,-k 'or "',..--.rete 

ome. Concrt-tt: mutst bc carmfully conpacte. to ,avoi( :ii! pockyc:--(' -,ir .i .:in 
conc., otc mui na a 20,; loss in ,irength - "crri t) -hcuneni, am. n r ,iust 
be thorou" ly mixed c.nd .:ien m v. to.' -e,. ,.,eminimun unt of .o -t" u,' le. IL 
nvz_ - for ,t:, is,7 7c xjee: le-s6 7 da.;s beforc cu,. lorv. put on i' .y Lea.Din.. it 
d: mp by coverin :iti wet sacks or covcriv- :i :i'vLt.r. hnall Luctirno iun as 
.unnel rcr' ni :cs can under ..- 0"2 re:,jc,, 1he-te curea wm(t , in a pon o a'tv- h,.le 

;oeL for o.o .. 

1;ons -ric,.on pi:ister. ' jii , 2 'To 3CYni 71, st,:,r ;- !ied t'i.rect]-, cr.' t.'?csoil 
,or t . " :,n.;floor o bct:i L'ie canent imc ,nf t2n tunnel mlat,. ..eU.uver 
5'X) p],nL- iitve been built ueia , this ::i:w..ou :.tno:-.o ..'.rehr7e oeen no reports 
of 1, ilur, .; i systan of coinstructicn. !he c-.ent (domedesin cr,.ik for .nree 
laver, u;: 10mm thick o- 1::, 1:4, 1:3 cc.ent san:. mix. The tuniel plauit c-.ils 
for one 2)7un layer 1:5. 

Constr ction X'Latures
 

Yhe-e are several canon construction features. 

lnlet pit. (C.A.ure 5.3) 'Tis pit is required -'or the dily mixing of t:,u Cung with 
watcr. io - convenience i..Jq desiFned to hold the correct smount of drily ;urry, 
with on aeition-d 75 'o 100m in the height of the sides to prevent the slurry- being 
spilt wi'ie it is being mixed. The inlet pipe is ueL in the floor an( thp' o must be 
no obstruction from 2-5y side wall whicii would prevon a pole or ro being- omtol!0 
down tni pipe in caee of any block.res. A plug needs to be provided for the inlet 
pipe. Vrious thin-s cn 1e used o: ",oou plug, a retal o- a otonesuch , plate 
wrPnToed up in . piece of nack clcth. , i'em(v.ble zJ.ei onn ",c fittet. o the inlet 
pipc 'o prcvur, arw and lumpF enttrij i' .i ,iietr. ThYocr cif the i'.iA" 
level . hole in the sil*e wa1l, fitl,.'. 'it . a :'lug iai m.-de to facilitate thIc .iashing 
out of the rit n'. rancval ,ea"rainwat t.ich ,i!"- --.. other?.'ise enter thc plant and 
dilatu tLe slurry. ~he inlet pit sioui., nut .i.!t on 4ol. t>-' was :epcL 7.,ftt,.r 
constructio:n because thin may well a: in tim an i e zj.n &r: br;zLC the inleT 

pipe. 



Traditional mixinr pits ace 400 to 500%n deep. 
7iowever, shallower pies (1j3Ons deep) 
have the advantoe that can sol iated f'the mixed slurry be e before, beinta into 
the igLStcr (refer Vol.II ohapter 6) resulting in mnuch lighor gas producticn. 

Inlet/Outlet pipes. £xperience has sho,,n that 1Omm diaMter pipes are "hc >eat for 
both inlet and outlet pipes. This is irrespective of plant size and waether 
1:1 or 2:1 slurry ratio is used. naller pipes tend to have frequent 1-.ock; . C:, . 
Larider oizes af:' urnecessary expense. Any loi pipe be used, e.g. asbestoscost can 
cement, concire- or bu:'nt clay. It i% esseritil thiat there are no bends in tne 
pipes, as blockc,,,c_ ea,,ly occur In thon. 

c.*lur- / 'verflow 

in -cme designs of biogas plant, the .!LCStdt slurry leaves the plant troh a p 
in the top of the di-estcr '.t or. slurry rc:a.ervoir waill. 'Ahis ap should be at 
leqct 15(O r wide and bu t:,pert76 %way from Y.c inside, like a bell mouth 5.3).( ,i-uire 
This arrz.ngemen. reduces the tentancy o' .rLslurry to dry ou. ;ud block the -ap. 

Slurry , ixing Tool 
Miany people in repal mix the input s..urri hy hbn., ;_,o ct.Uble jiung is not con.o.icered 
obnoxious. This practice i: not iceconnendet., as ,:uji- often econtr,.ins pateno' enic 
bacterji. A lurry msixin,. tool (Fiture 5.4) has been .esigne,], simil-.u to a rake. 
Thu wire ;,'esh at thu enli cm bi unea ,.o break up lunpz of duig and -lno to trap sTraw 
ti!. other..,it, zial >n. r.sy c -are Ocure proulens. 

Slurry i;:ir aci.ine 
;he mixinr" m.:c;ine used epal 5.6 and isin A_. (Figure 5.5, Table 5.2) an adapi;tion 
of an Ind-an .esi,[.1 (i(V-c, 1172), which, in turn, is based on a machine usei to b-'eak 
up pulp Jor prier making. 'The slurry flows therround trou:-h, driven h:; a hand 
operated pnddle wheel, which breaks up lumps as Lhe paddles p:ios over F bsr cet in 
the :loc,g:. .. course sieve rtmoves and l-rstraw othVer re itrns. 
ThI.e pad.,le wneel, of oelded steel, is bolted onto a .;haft of M1 pipe. Tne beater 
bar is svt in the .;loorwith a garp of 10mm between it and the :,otlom of the paddle 
whCel. The haft runs in in.rd wood be?.1rin;.-s 'o:.ke in oil. ,-ne v',ius 2t the 
front of tne paddle wheel can be easily m;,:e by t .tticnin a piece of .ooc hiic. 
pro ruteL 25mi-'* to one of' the pnddle blades an(" usin - thin a: a ''. Covr,- are 
usually fitted over the psidle wheel to avoid olehinf. 

A camel can b, .ade ir.Lnc ."loor of th, n.cliiie 't I-e :o , L point to collect 
sand etc., which cpn be rermovc.d via a 100 hole .i :he %,r:1. :lujo need, tc be 
proiiec. 'or oth this iole md tlic. Inlet.pipe hol.. h. cn ,e of a mixi n 
machine i unually only justiuiea .or 1:._ ;L plrnt. 
with all 1/2, 1/3 or l14 o tine .aily inp' .luri' '40u. 

i; 
" 

ormnelly opesa-tc. 
'u aibout the top of 

the Uope bevirte i-, pa.'ale wheel. Too rtiuch ur too little slurry ill makc the 
machine u:ificult to operate. 

6o.1
 



Because the slurry in mixing machines is deep it cannot eo-sily bt heated using solar
 
energy. 
Instead, the water used to make the durry can be put in uncovered tins or
 
buckets which are set in the sun from Jornin- to :llid-afternoon. Tests have oIhown
that if thiin is done and there is theno L.r~' air tmpera ture is in the region
of 160 to 200C then the water tcmperatilrE ;,ill rise from about 15 to 250C. This
is a significant rise of 100 C which will increase the slurry temperature and result 
in increased gas proluction if it is done ,aily. 

Addition of a latrine. 
In niepal and for culturEL red,sons it lis, fo 2X, been raLrely icccptable to have a
latrine a--ocitied to a biogans plant. -owver, whe .,eponible it should be -ncolraged 
as it improves sanitation -nd increases gau prodiuction as it is rich in nitrogen.
A latrinc can be easily fitten using a sepn-rte pipe nich gocva into dig-ester near
the inlet. it should be aL leas'. onc thin' dc. the o:" 9he .pntc Gi (to ":rv. a
lot of diggiin- goin.7 deeper) a' protru,'ie ;t liu;:st 300mm into ecplmt to ret the 
night soil v'nd %,.ter mixed in with the slhirry.
 
The base rf the toilet ;ast bc .. leAst as 
hi :,,as the floor of Lhe inlet pit to

Elow eaty flushing. '/hLt;io: L -;!=r oc l i:: 'scL 
 in tne latrine or iot, chero must 
be .-.oim r,- no of acces:3 for clc'rin-, the p' oc to the ,irc-yter in cise of , 'lockage.
This i "'ortunm. To prevent too muclh , 

. e* -..'-il tue (,l-rit t'me flusih water

shoul. bc : Ltrict. to onec 
1ire por i:v; -.... 'ar of' the latrine should :.lope
awa:sy froL, t - bowl to a &in hle in ti' '..all so that ien clc.-nintr the 'loor with

writer any noi'I or 
 sn, brought in on peoples c n-. '-luo the ,iater can get away 
,without umbering the d'igester.
 
ith teel -1rmn plants the total dully input 
 fron toc' latrine should not exceed
 

13 o-' 20 . of the daily feed 
 to the plant otheoiisu the slurry may become too corrosive 
an,. ilict out the steel drum rapidly.
 
I- the outlet slurry from 
 the £as plant appears to be thin due to dilution by flush
 
water o;., in 
 the latrine then this can be compen.ated by mpkinp the cattle 'jung
slurry thick, r. iowever, su!'ficient watier must be 
a ( L '.o make the cattle r'un­
,'lui. c.n' to oreal 
 do' m all Iunips. 

pos. :,:c- .lur.-; collcei in, tanks 
i nluso ,if- 1,1, slurry (el' luent) coming out o! t.e n.a.t ic tr:.vn directly to tie
iioldr ?c-i "riy, e.g. by puttin!- it into an irrKi-, ;.ion c nal, it must be s oree until
required. Conipost pits or .:lurrr collectinr tankos are usually dug close to the plant

so thi, the effluent can flow 
 directly into them. ;'asonary siaE.c to the pits are 
not esuenri,.l but they do prevent wouds trowin- into the compost. For the sake of 
safety it iL surgesteu that comno-t pitu ,renot :mo,'e than F1OO0m deep. 

15-1Z 



The volume of the pits should be sufficiet to receive the amoumt of of luent put 
in per day multiplied by the nmber of days between cmptying pits. T1he slurry 
volume will reduce as moisture evaporates or soakus into the r:round and this can 
acconmod;ite nny cempost materials such as rnnial bedding which may be addec,. 

Selection of gas plEnt site 

Every gas plant site is different. Assuming the ground is suitable for ;LV,-ing 
a dlgesLev pit, a careful selection of the best rite h,s to bte mode cn:si(crinF 
perr ontl preference and technical points. 

Technicaliy, the selected site preferably ohoul, be: 
1. Close to '.here the gas will be used. ;as pipes arc expensive. 
2. Clone to -;uplly of aung and waten, to srve carrying them. 
3. dlosc ;c. compost pit or slurry Taics4o t o .o slurry cpn .lo' there ihomt 

A. .t I - 0 to 1 ,etrcs away frog. w". .io'el s to )revent cont.nination. 
5. ,-ine i.iLnce from any trees whose roots night gCrow into the diiester ,.nd 

. in tL.e sun to keep the p)5nt e;mm. 

7. 7rotuotee from cold wins ih.nt cause hca losis. 
a. *:ot ,b'C-tc floos whioh, couli dilute the slurry and domage the plant. 

.xM x: . o1 .. electe site is ;4:iven in £ ,-,urc 5.7. 

5". 
L3 
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Send 

Pesdle Whe13l Mild Steel 3mt 280 x 4000; '10 bladee: 115 x 274 
&eaterBar Stie1 ;ngle: 310 x 40 z 40 x 6
 

Shaft GI Pipe: 630 x 270
 
eaxings 2 1oe. 2 blocks of wood: 110 x 200 x (50 + 100)
Sea~ing Corers 2 nos. 2.irm Utoe.l, -oxes" 110 x 200 x (125 to 15J)
lto 4 nos. -60 120, with aichor rod and nc. 

Ikandle 305 x 40 x 6 cteal bar; 130 x 200 rod; "YX 77IFW,~
Pajve Steol rod. 120, 460 x 280-; roda x 7 rods6 latti.ceX6p1 

Table,- 5. Na'er.as for Stwidard Slurry Mixing Machine 
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.Chapter 6. Gas Pipin- an, .cceceories 3. 
Biogas is taken :ro, ;he -,*s plant ;ore it is *c useto *o thougb ,'s pipe:_ 
Galvanized iron (0I) pip3e is the mosL co ,;,only use:, pipe An .*ep)l ae it is veudily 
available and cannot rea ily be cut by Irni.ez oz :'odents or :iamvge,'. by sun li.-ht
 
as is the case rich plLstic pipe:.,. -ip.o,-, e-p.ci,7.y .. ut bc ..ole
_o.ts, 
well to c.void .,iks. :i.:. e., Tjci'.![y "Z :it, .'oie n tunel plants wihen 
the -,as nressure -oes up Lo L.jou,. 1205rua ,'r. 

Biogas contains moisoure, ,iaich concenabc into .:ater especilly in underfround 
pipes near the tas plant. This must be -.rained Lrom the -as pipes other,ise it 
A.ill collect and block the pipe. -nere.'ort:, I-lpipes nust slope towardv trapa 
and dr'in (Fieure b.i). zhe reconnen,'e(i slope i3 1:luU but eteeper slopes can
 
be useJ. 7aiiure to slope th pin :, an, provide .:rains ce comt.,cn faults.
 
,!ost pipes ac'e laid uiierground from the plant to -.he ':ouse. --his is simple and
 
is cut of the w:y.
 

There is often confusion over pipe ._ize h'.zc:.use ,I pine sizes r o
-f.rthe naninal 
bore size in inches w,.eas the pn.atic pip sizes re.or "o t',le outside pipe
 

dimueter. e:'e_ table ).1.
 
,as piping is expensive .na it ic imporitant to ".eep "h iength as shc'.t as possible.
 

Galvanized iron (GI) Pipes Plastic -ipes 

','uoted ,uoted IL
 
size im size = mm
inch LiD rm 

16 21 20 15 

3/4 21 27 25 19 
1i 27 33 24
Q" 42 '.0 7,

35 42 
41 48 3 3e 

Table 6:1 Canon pipe sizec 

i..ote: The C.j of GI n pe.. .. nd cne o_ .- tia pipes vary dcpenr~ing 
on the pressure the rin ii Lesi,'ne to t.;,:e. 



Plastic pipes
 

Criginally many plants built by D.t... Ia' pi'atic piping but because of various 

problems it is only used on very raa e occasions now, such as, where a very long
 

pipe run is required. In this cose it is cic.p~r to buy, but careful supervision 

is needed to see it is insi2'lled corrcctly. 

Only the best quality pl; stic pipc; should be used. RecycleC plastic pipe 

(recognisable by the rough surface on the insi,'e of the pipe) should not be used
 

as it will be hard to make 2oo6 joints. rl-!Ztic Dipcs oust be laid deeply and 

proporly in otnerwise (e.g. n.t.,',. may it itsand, rodentb r porc'ipinea) eat or 

can be d;maged by nec.vy vehiciL., ptZsng over it ,*-out during a riciltural 

operations such as ploughing. Care mus; be taken, especially with snall pipes, 

Sh:,.t the pipe is lad flat in he ground bn., noi in wvven because water collects 

in each hollow and causes seri:-v blocaie problems. If the pipe i! above ,round 

then there is a r-.nger, unless it is protect,-'i, of damaje from the ultra violet 

r;,ys of the sun, which causes i- to crack and oiso mechnical clage, e.,. bein, 

hit. "Llhe pipe must be well sup!'ortcd to prevent it sag,rin- ind collecting water. 

A difficulty' with plastic pi:ns i3 , :ir- rt, ti';ht joints with steel pipe. It 

can be done with care. _he plastic pipe if. reited until soft. The mouth of the 

pipe is enlLrxged a little with a slit.itly t-per-d piece of wood. 2ne pipe is 

then pre3sed on to the steel pipe and bou.n7 on wit., ,irc wiile still hot. in 

this way a 25 0 plastic ripe coule be fitted onto a - " GI pipe. 

Other perties in "epal use plastic pipe ertensively with tunnel plants. 

.. it', rodents and mchanical ramage etc.,hey have not experienced' .C.S.'s problens 

and have found that the high pressure c-a: forcc's cordensate along the pipe to a 

drain. -lie aafantages claimet! are izi1hun !e :: ,ec-use there are so few joints, 

the pipe is lower cost -r, it -s quicker to inst,-ll. 

Galv.anized iron (GI) Pipes 

?nese are ommonly used as gas pipes -.. t:.e.:e i usu- l.y someone available who is 

frDiliar with inying these -or -iem-in di:i'e::nce is t.at the pipepipes -1h 

muot slope to a drain 6ndtae joints must be of -. ;e--v ,ih :tan('ard to prevent 

leaks. Joints are m,,de using a jointia. com'pond or sc-iff psint, and jute fibre 

iound round the tihreads. cnme l ::S oFi.ider is ,,dedto thc jointircIf l'. 

material it wi.1 turn black if Lherc Ic i- le-z Fue to the -:aces of :Iydroen1 

sulphide in te gais. -hie is not :s&entirl but it is helpful Vihen !oo'kin- for 

a leak. 

Various fittings are need.ed 2nd a nelection of t.he nost comaon ones is gi .en 

in table S.2 
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Often a gas plant is working well but the reason ,ihy the farmer does no- have 
enough gao is due to lence in the gas pipc. It cannot be steased too much that 
all joints must be of a high standard cspecially for hih pressure gas fro... dcmi 

End tunnel plants. 

Zeing cn.lv-nized no additional protecticn is icquirea 7or the pipes except wcLere 
the soil is very acid. In that case the pipLes shoul, be well covered with paint or 

tar. in steel dnum plants the :Yss pipe is attached to the suport 'iide as shown 
in Figure 6.2. A socket is welded orto tne support guide pipe. (., niple is 
not used as the external threads are li:ely to te tnma~ed .urini hanlling). 

Dy using this system a certain flexibility is ,iven to the ,'te pipe which ;rv]es 

it much easier to lay it at a slope of 1:100. 
Jith both dome and tunnel plants it is wise to have a union coupling near the ,as 
outlet in case slurry enters the gas pipe anct it h1s to *;e ..imantled and cleaned 

out.
 

Fitting .'ane 	 Lse 

Socket Coupling 	 To "join 2 lengths of pipe. 

Ebow (L) 	 To join 2 pipes at 900. lither same 
or cdiffTrnt size of pipe (reducing 
elbow). 

Tee (T) o join 3 pipes, bre-noh at 90 
.drnch can be for s-ame or smaller 
size of pipe. 

±teducing 3ocict 	 To join 2 different sized pipus.
 

Cap To close a pipe
 

Plug 2o close a socket
 

Union Coupling 	 To join 2 pines, without turning, 
either pipc.
 

~ iiipple 	 '7o join fitt.ings. 

Table 6.2 Caimonly used Ti pipe 2ittin-s. 
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Gaie: aize 'Selection" 
ThM ci%' -'Ioen- ­ai~ oi ga~.ppeequ~re dipen~t t e~ -P pe, 

e, amt of goa .,rJreqired,-p z houm. f' a pjpc i6uee' wher.e' &lae one
,needed then *hega,! pressure wil 'e reduced 0? inq,7o0 rlatioa 8 b:~'T. 122:e 

F'apipe cn~s neeazexpense. 

~Trousaehb ga3qapp]1aicdes )-rensgp orviu e24fi 0nt1 ,at 'about~ 
6to 1O0MM -WG gas' presaux&.e ;. nc ~rq r boutL 75=,lIdc. 

V6tistlaione. in epa]. inolud-ine 4ic-ncli pipce Lo 1ighiL u e;abou t,Ato 5O 
*metreeo.of pipe. ";n The nain -6as ipetothohos il]e 'Vchort11 by qitea bit itwer 
it excludos Lne bzaich~ pipes-4 Zlhe-Ma~inveIo'unt of5 :Ps i'equired per hour. vax-TieLS 

onhtb-nr i lipt,,*qarLL instr4) ,d Tiuuoly it ,.ill ,'a!]bet.wken 0Oand 

Duflal fuel, unginc~j u,; C n1.Mh:;O,. ,-up fr ogn 

lvFifrcorQ, 3.) IVW tne correct Si7'e, 0ci 1ipef -Or IornJ Soacolinotlatioc'ns 
f ol 6I n eC,,shbw 

.Ih 
ol exaapi c t 0 in 4n~h 

Ahse has:; ~ ~ ~ ~ 
~3 burners a 40"1r -5m/r(,L 

mp I /1r 

ismu IN geasejva,/( demande 

Re-25mri. C1*0to;ferEtable te0 g1 s o mea 

~*,that all- piping;is 3 /4 " G1 It doea1 mean is rquird:omnthe CtiC 
whrie cuaed, ie'the. bumota i'i'. Cwhr mo n.L gas :I'i -ners.,_,7ranch pipes to indi"/idial Iit1,lio ­
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Gate (F'ull w4ay) valve (Figure 6.4) 

Gate valves are used in water systems and aree usually readily available. D.C.,I. 

hae used many of them for all applicatiohs. Usually they are rather expensive. 

Faniers who have never used a valve before tend to overtighten them and break 

the spindle. 

Ordinary w:ter taps 

,Yater taps re not used because the gas pressue,is not sufficient to open the 

wabher used in these taps. 

Quartor tarn gas taps (Figure 6.5) 
These are commonly used for low pressure gas. D.C.S. had the taps held together 

with a spring and split pin instead of a nut so that the plug would always be held 

firmly in ostion even if wear took place. These taps show clearly whether they 

are on or oif. If the handle is in line with the pipe the tap is on and if it is 

given a uar;er tun so that the handle is across the pipe then the tap is off. 

2he tap in figure 6.5(I) cen be put in a gas line or used for a condensate drain, 

.whereas 6.5(2) is suitable for a rubber tube to be attached, for a burner. 

This type of tap is currently used for all floating steel drum plants. The locally 

available qua-lity are not satisfactory for the dome and tunnel plants as they leak 

due to tne hizh gas pressure. 

If a tap becomes stiff it can be oiled by pulling the gas tap handle against the 

spriin7 and pouring lubricating oil around the handle and into the hole. 

Vegev:ble oils, e~g. linseed, sunflower, mustard seed oil, should not be used.
 

2he.e ols b, come sticky in time and make things worse rather than better. 

. ttapz for high pressure gas 

D.C.. h-s designed its own taps using nitrite rubber 'C' rinas to give the seal 

instead of brass arainst brass in the quarter turn taps. Quite a number of taps 

to the aesi;n in figure 6.6 have been used and after strengthening the spindle and 

handle wiey have proved to be much better than the quarter turn tcps. The bottom 

ring comes o-f on ocoasions and with so much turning there is a likelihood of the 

uPpcr rinr, ,,c,'int. To overcome this problem a lever action piston valve and tap 

have been eveloped (figures 6.7 and 6.9). Prototypes have been made but the 

valv-es hlve not been field tested yet. 

Fnen mncking :,.: t apc it is very important to use lead free brass. The traces of 

hy'.o':en zaulaide in the bio aa combines with moisture and attacks the lead 

causin- leaks. 

Ball Valves 

Ball valvces m-ade for biocas ere excellent if they are available (Figure 6.9). The 

problen for a local workshop is making the balls smooth, spherical and with a hole 
and slot. . quarter turn opens or closes the valve. 



Condensiate dlrains (water traps)
 
Conllenseo moisture lieu as 
water in kuus piprs and r:rust be removced regularly to 
p't vent blockegeo. Drains must be placed :,tthe lowetst part(s) oC pi.pework
 
(.'i:,rc U.i) for this purpose.
 

Suses two designs of &rains; draincock for shallow applications and dipper 
pipe for .eep applications.
 

t'ain cock. Figture 6,10
 
JC:eflnatu collects in 
 the 150 long branch pipe. A valve can be put on the en­
but this is expensive. Ale system illustrated is low cost and effective. To 
oparrtc i, the brass screw is released until the condensate passes through the 
.3m" .ine hole. 
 The screw is tightened up after all the condensate has come out.
 

iip~rer pipe. Fig-are 6.11
 
-Ijit ,pi er pipe tevice was dcsit-ned for use with floating steel drum plants with 
-as out!,-t pipcs that comr under the side of the !1rum whioh are -t le.ast I metre
 

iu ergrnml-md. It eliminates the nee(i for a deep hole in the ground for the
 
condensa, t drain, which could ea.ily fill up with rain water. 

It in d(eigned for gas pressures of 100mm WG and less. Two designs (figure 6.11)
 
have both eon used in large nunrbers. 
 The :oxmer design which requires more pipe 
anu i:-acre (Lificult to make is only used on rare occasions now. 

Condenatt- collects in. the "N" tube and is lifted out using the dipper bucket which 
is on tho end of a lonr rod kept inside the dipper pipe. The process is repeated 
until the water container no longer fills. The design is such that it is
 
impos-ible to 
take out too much water and let the e;ns escape provided the gas
 
presruri. i., les: than 100mm. The cover on the end of the -.irper pipe is to prevent 
Iir. gettinr inside and io not -requiredas a ges seal. 4hen startin a plant 
about tlire
water needs :c be poured into the dipper pipe to foxm the initial
 
w,ter ceal. Vie 'I' pipe ir m,-de to the dimensions in figure 6.11 and the upper
 
pipe anti ro' lengths ae ;c to Tuit 
 the plant being installed, 

~ie,sur~nent Cfpressure
 
iith 'oin, steel 
 -.rum plants the gi's pressure is constant and there is no need
 
to consta tly melsure the resmre. It can 
be mc-asured using a mnanceter
 
(ii,!e i.E). Altcr'.tively 
tile pressure can be mneavured by connectin,, v lenth 
o0 Lubbe.-' lpe Lo a $a t,.p and inserting the end into a container of ".'ater. 
ThLt mir.-niu,: depn,h (1,T) to'which the pipe must be inserted to stop bubbles of ,as 
cominpl out, -ihen bhe ge% ta-p is open, is the moasur of j:as pressure in MM .later 

ith ceu;ent ,'om and tunnel -2!ntr a manometor can be uced to show the pressure 
ea ther. 'orc the amount of' gas aveilalrle. The length of pipint,; must be longer 
than the .w:imDl as pressure, which, with th~se plants, could go up to 1400m.'0. 



As alIal t~arn,,. ive to"h' a. ~Lxged)anotr ~ rsur ni~et or *6hL. 

ohthe 
not, onrateoaa it gives 0uPeflin~dication how mu 

'um .1 p~ewu~eabaan: by -preasure in- rese vo r._ 

r lazi' l et, in a dome o6r tunnel plnqnd is much small'~ 

±eyvalves 

11 ).C. plant. designs allow$gs to eecap omtea 5 modiatr e?; 
Eri strg spc 3 fled"With dru plnstegi aae fran under the 

~eo of th "t meadtnepants gas e LFpsfo'udthe ;:as 
3 1,o! r, oe;n out thro~ugh th ryrsroi. eav j this, no oty'" 
v~ilve5 ar~e required. 

' 

es pres ue in, all D.CoS. plant desimns is al~ways porti.ve *"hsren ht.~~ 
air~mt,-et into the plant Aor pieok'n maeI poetilyexlsie.-tr 

INa ! r cth n ~n o AS,~ ~ Frhoewo t rciasons no flame 'arresters. are used or. considered nececsary. "are 
must ' be tat .cen,when strigupi~a'plant, or-after reallirttoeremove 

'~from.-tho, system> This is~dealt' with in chapter 9.' -~~I;'; ~ -

Tetj 'afld.repairing leaks 


'~~ksi~~o'ppii&~ai~i o ommon ocourance., ,The n~ 
' 

ieypae to' find' 
I~~~~ hcithyaemd-fbrass,a(Pttp na~ usually will, turnblack ii they 

=e lckinjo,rs.t 7At ;a~bad leak thb~erewill be'an odour from t he bio&'s., 
:oa 9~e~~udb put'1,on l.l{aps: nd Ajoin~ts end fittings etc. and bubbl es Il'I 
f'cn Ii ' tir is a a.f ,Defective joints or parts rmust be.repard rrpae 
as,,neceusaryA,~'~,,,A ~ '.~99A~ 

AUte;O 
IPISCr I .1', 

-- pipework sy- e ab.tse rla' by measuring thaI oaeconqsue~ 

Y,~ loananr(o f, is ~-w~ et!dh traspaenmnm er pai pia-made into~ a 1 4i1,; trlie isattahAe to 1 one of the as taps.~~reue± 

L~ppicdhep oein, iterbyopeningrthonmain .-as~v- lve or by blwn~ tr~g
a xiibaer'pipc attahed Lo aA13eoond Rs tap. Tihe pressuPre! noure icLoclosod 
(i.~ e. by closing the main~lgas val~ve). I.the lTevel's ite aoee doo alter 

Sthen' .her'e is n~o-leak. 'If the~'2-~0te -L1 eak t fl,-Kl tAIAAa d&2 " 'e 101,0~ qo al istr and there hy~ 
ouA th larlger -the la%. A~'A 

1
 
A--)-A 1e amont "of leAkape eday cin b'oeout as follows.' -AA-'- ­

'''I >A-AA A-- - -7 A'A l ~~ -AY' 

4; -IAr'A 

"J"
A-9' 

I 
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07 	 V1 ~~t~~j44 

Le a wpew "day k~'4 

'inal~i' 1 7b out~~pt o6f ta 

2~ntrnavoiu .lgaspipes under, est ". 

ipip~rk ysaaues 40. me res. ,f+'GI pipye (16am bore) At th tY''7<~ 
;CgO9Ah manoieter reat 1:150 ~Mu WG and at the endt fCthe test 'ite1O95 io1095 

Th7 to' s.iover'~ints W as_wLcacage would 'there be ihne dzay~?, 

7<loltnz oj" pipeyiork 
t 

in Ahere d CUlintcr of~ pipe in mn 
,len jo pipe 'inrnM'2'" 

= 

p-

1150:,-, 195 

10330 + V95, 
= 55, mm 

10425 

WG ~'-­

t~ 3' minutes'.,, ' -

14-

5 804- x 1440 0.0"20 in3 
-day,'~ ~' 

10 2 , x 3'; ~ ~ .44~ 
4 

N4-; 

Siion a rzallleak is lhard t 0o locate "Jfit isa remebered that theiain, gas' 
'valve irusually opened 4for4 an average'of about 77 hours per dpiy.it wi'll'be'4secn'­

thtcdaily loss is ,very saial, 006 len s s 
Thtiii anA repaireda' -- '4 1 4 

i.t, is a,,Ii 4 'i&ob tbo dimmnntle, pipes, if' one, joint 7is~l'eaking. Seotics fpieln 
ca betere durniz intallation by, fittin)Z a rubber buang with two pipea thircu,,h 

into.L e'open enI of tcpipeline (igr 6. 14') pipe,, is conrnect'ed to ai 

;ni~ln oete'enn. the'otlioCr to a-'length 40!'rubber pipe., A;~-ir' lon into'4the6' -

~~~~l)ltiItir Barc~nbePreCSUze Ohow-n on-the manomet'er. -The. ribber pipe4 ia--
44.g ~b~2fl-Oder4~oer.'~~ cose i~ ad ay preteure, drop in th c.manome er note~A~bo 

,,or 

I 

Al~~' , 4 4 '~4 

~~'44A4-~ 4 ~~ ­4 2~~- :426 



Cne mu-,; i.u teken that there are no lezks between the steel pipe qn: rubber burlg. 

,m: i. le.k at joints can sometimes be repaired by puttingi on jointint; compound 
or thi': 'i-dry paint and bindin7 it on with cloth. 'alow this ',o ;,-r'on oefcre 
. -IYin , - nrcs tue, especially hi gh ;,reseure. If neither ccmpoun* cr i-int is 
aicil-ble then z. temporry rcpair carn be znde in a sililX way but unin" ';oP 
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Chapter 7. Household gas appliances J. Finlay
 
In Nepal the main use 
of biogas from family sized digestersis 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.
 
Cookinq 
Traditionally Nepali people cook over wood or dried cattle
 
dung cake fires. Most food is boiled but some is 
fried.
 
Biogas is an excellent fuel for cooking. It is&-

Efficient 
 : if properly designed stoves are used. It
 

is worth noting thtat I kg. of wet dungcow
will give bout 46 kCals of heat if driedand burnt in a fire, but about 80 kCals ifturned into biogas and used in 
a well designed

stove. (Pang.)
Fast I it produces immediate heat and does not

need frequent attention.Clean 
 s 
it does not form soot on cooking vessels,
 
clothes or kitchen.Healthy 
 I it does not produce smoke to irritate eyes
 
or lungs.


The amount of gas needed to cook the daily food for 
a person
depends on a number of factors. These include s 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 there 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 to 0.4m3 person0.2 per per day. 
Burners
 
The size of burner is usually defined as the amount of gas
consumed per hour when the gas tap is fully open and the gas
pressure is 
aout 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 necessary 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, thep when the pot is removed the flame
is liable to go out. Actually a gap of unburnt gas appears
between 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 ccntrol 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
 
litter 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
 
illustrate:-


Ring burner Figure 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 Figure 7.2
 

Robust
 

Efficient
 

Easy quarter turn 
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 asishown 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 furoer
 
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 rins 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 I,100 litre per hour
 
have been.used.
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D.C.S. has made a double ring burner(-P94) The inner burner is
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), 
efficicnt
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 futureit is probable
castings. 

that it will be made of twto 'cpcra-te-The top one, including pot rests and flame ports,
would be remove? le for cleaning. 
Under local conditions a
casting should be lower cost. 

D.C.S. burners were mainlv arrived at by experiment and testing.
Experience showed that to prevent flames being blown out relight­ing that the distance between flame ports should not be more
than 10 mm and that groups need to consist of not less than
5 flarne ports. Further, if the flame ports come out of a flatsurface then they need t.o be raised up by about 6 mm from the
flat surface in order to get good combustion.
 

Adjustment and ofcare burniers 
Biogas flames tend to "lift off" from flame ports when the burner
is adjusted for efficint burning but cookingthe pot is notin place. 
By closing the air adjuster the efficiency goes down
but the flame will not "lift 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 beenthat the flames are weak and long and lazily come up the sidesof 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. Theflame should not be too noisy. 

Flame ports and air holes can, in time, become partly or com­pletely blocked with spilt food. They should be cleaned outas necessary. 
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.
 

LiahtinQ
 
In Nepal there is a large demand for biogas lamps in unelectri­fied rural areas. 
Biogas lamps tend to be expensive
 

7.3
 



(especially 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 1751tgas 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 factor of 4
 
although of the same basic design as given in figure 7.5. 
The low cost ones can start giving trouble within 4 months 
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 biogas 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 principle refer fig. 6.8), and needle adjuster
 
are both controlled by the same lever. The former by the first
 
movement and the latter by the continued movement of the same 
lever. A deflector plate is used to prevent the rubber '0'
 
rings getting hot 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 at 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 rpade to control drip intravenious feeds in hospitals.

It 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 seemed to work well in
 
the laboratory tests with the higher biogas pressures
 
from a dome plant (above 200 mm WG). It does not %ork 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.
 

Adjustment and care of biogas lamps. 
The glass globe is hinged to one side and a mantle is tied on
 
to the clay nozzle which usually has one large hole in the
 
centre and a series of 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 lit
 
and manlte burned. Now the globe is closed and the lamp 
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allowed to heat up until the burning gas makes a soft roaring

noise. At this point the lamp will burn brightly and thiscan be optimised by adjusting the adjuster. It is usuallyunnecessary to operate the adjuster again until the mantle ischanged. If the lamp is hot but the flame tends to burn
outside the mantle and there is no soft roaring noise it
 
ca. 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 ineeds adjusting each time the lamp is used. 
To relight the
lamp, first a match should be applied close to the mantle eitherthrough the hole in the bottom of the glass globe or by open­ing the globe. Then the gas turned on. 
 If this sequence is
reversed there will be a minor explosion, which may break themantle. The lamp must heat up until it makes a noise, after
which it will give a good steady 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 around 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 lit.
 

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 hong, thin and have a fine point. It must come down low
enough to protrude through the jet and close it off.
point can be filod to shape and 

The 
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). TheD.C.S. lamp uses a different type of regulator control, but
 
if the needle is filed correctly, it should fit into the
 
jet orifice without any other alterations.
 

7.5
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Chapter 8. .OM{MRCI&jU 'SES OF BIOGAS D, lfor 

Biogas in a 'high gradG 
 fuel because it burne at a fairly hightemporature (about 1,900C in air). Biogas can therefore be used for
many purposes, other than cooking and lighting, such as 
fuel for
internal combustion engines and to run 
small-scale cottege industries.
 
The use of biogas for commercial activities introduces a new dimension
,o 
the economics of biogas. A blogas plant is a rilatively large
investment for a subsistonce farmer (or group of farmers) and the cash
saing on cooking and lighting fuel is low (see Chapter 11).
a biogas plant owner Thereforemui t find the money to repay anypurchase loan tAken tothe plant, from another source. If biogas can be used to fuelan income.-earning activity, the cash accumulated can help to pay offthe loen for the plant and biogau technology becomes economically
viable for a far greater number of poorer people.

Development depends partly on 
energy; people who want a more advanced
life-style than can be obtained from subsistence farming, must move 
to
a place where energy is available, which is usually the larger towns
and cities. Centralised power production, such 
as electricity from
power stations or a gas supply from natural gas wells or the gasification
of coal, means centralised usage of power. It is easy and relatively
cheap to run 
electric lines and gas pipes to houses and factories that
are close together, but it is very expensive to supply the 
same sort of
energy to villages that are scattered and distant from population

centres.
 
Biogas offers a decentralised power supply. The energy is created in
the villages, where the anJmals are 
kept and the crops grown. It
cannot be used In the city, where there are
residues. Biogas can be used to 

few cattle and little crop
supply energy for cottage industries
in the villages themstlves and to catalyse development away from the
towns and cities. Village people can begin to 
consider a more advanced
life-style and the earning of extra cash incomes in the place where
they are already living. Biogas offers the rural areas 
increased self­sufficiency and reduced dependence upon energy supplies from the towns.
 
In Nepal, the main semi-commercial uses for biogas have involved the
running of dual-fuel engines to drive grain mills and irrigation pumps.
There is a growing interest in this approach, even though a dual-fuel
engine still requires 
some diesel and engine oil. The running coats
for the engine are reduced and fuel doeG not need to be transported
out to the vi±'lage as 
often as when the engine is run on diesel alone.
 

Running Engines on Biogas

There are basically two 
types of internal combustion engine: the 
'Otto'
engine and the 'Diesel' engine. The Otto cycle 
uses a spark to ignite
the fuel, and the Diesel cycle uses spontaneous ignition of the fuel,
at 
the high temperature and pressure produced by the compression of
air (Picken). Biogas 

engines rely on oil 

can only be used in a 4-stroke engine, 2-stroke
as
mixed with liquid fuel for lubrication. The 4
movements of the piston in the 4-stroke cycle are shown in Figure 8.1)
The Otto 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 air and drawn into the cylinder in the
induction stroke. The compression ratio is usually between 7:1 
and 9:1
(giving an air temperature of 4000C), 
so 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
end of the compression stroke. Biogas can 
be used directly in
engine, as an Otto
it does not knock (Octane Number: 128 - Maramba), but is
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Figure 8.1 4 Stroke Cycle of a Diesel (Otto) Engine 

easily ignited by a spark. Biogas is used fairly inefficiently in such
 
an engine (20 to 25% at a compression ratio of 8:1 - Mosey) and the
 
ower output is only 60% of that when the engine is run on petrol 
Maramba). Hydrogen sulphide io burnt to sulphur dioxido in th( engine
 

and it tends to corrode the exhaust valves ard pipes. 

In thn Diesel engine, only air is compressed and the diesel is injocted
 
at high pressure into tht cylinder near the end of the compression
 
stroke, when t spontaneously ignites. To reach the high temperatures
 
required (550 C), high compression ratios are used (141 to 22:1). As
 
biogas has a high spontaneous ignition temperature (700TC - Mosey), it
 
can be mixed with the air and compressed in the cylinder with little
 
risk of pre-ignition. if a diesel engine is used in this way, when It 
is called a dual-fuel engine, the efficiency is about 30 to 35% and the
 
power rating about 80;A of diesel only operation. There seems to be a
 
lower risk of corrosion in the exhaust system when biogas is used in
 
a diesel engine. For these reasons, the use of biogas in dual-fuel
 
engines is most comnon. 

The speed of a diesel engine is altered by varying the amount of fuel 
injected into the cylinder. On stationary engines, the speed is usually 
kept constant by a governor, which uses centrifugal fly-weights to 
control the fel injector valve. When biogas is introduced into the 
air supply, the engine speeds up, so the governor automatically reduces 
the diesel supply 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 (Fry). With the high compression ratio, this type of
 
engine is more efficient than an Otto engine. Such an approach requires
 
good engineering knowledge and experience and access to ools 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 developing country, such as Nepal.
 

Use of Biogas in Dual-Fuel Engines
 

Several dual-fuel engines are working in Nepal on biogas and they were
 
mainly purchased in India, where they are available commercially. They
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use a very simple gas carburettor and seem to be fairly robust andreliable. A 5 Horse Power (HP) engine (3 kW) uses about 2.1 
cu.m
 
(75 cu.ft) of biogas and 0,2 litr3s of diesel in 
an hour, as opposed

to 1.2 litres of fuel, when on diesel alone (Kirloskar).
 
The biogas pressure should be about 75 mm 
WG 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 biogae valve opened slowly until the engine starts to
 
run unevenly. The valve can be closed slightly until the engines runs
 
smoothly again, and this is the 
correct position.
 
A dual-fuel engine runs at a higher temperature when used with bLogas,so the cooling system must be effective. The "hopper" type of cooling
system, in which water is added to an 
open hopper in the top of the
engine,is not adequate. Even with a thermosyphcn system, in which water
circulates by convective flow into a water tank placed above and to the
side of the engine, a dual-fuel engine can overheat, if the a&r temper­ature is already high. if the engine is being used with an irrigation

pump, cooling water can 
be bled from the outlet of the pump and circul­ated through the engine. This system works well., 
as long as the water
is fairly clean and dirt does not block the water passages. The out­coming water should be just too 
hot to touch. If the engine is being

used to drive other machinery, a small water pump, driven by a pulley

and belt on the fly-wheel, should be used to circulate water. The hot
water can 
be cooled in a :-adiator, 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 also be pumped around a heatexchanger in the slurry in the digester pit (see Chapter 10). A bypassvalve should be inciude3d, 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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Figure 8.3 Principle of Operation of a Pressure Regul.ator 
the manufacturer's man.ual, which should be carefully studied and 
followed. Great care should be taken that the engine oil is kept topped

up and replaced at ,ho correct iAtervals. Inadequate or dirty engine

oil can cause an engine to over..ea' or oven fail. Another common cause

of failure in engines used in rureal areae is bolts shaking loose.

Regllar checks should be made that all boltd are tight. 
If the use of biogas in engines is part of a biogas extension programme

then the training of villagers to operate engines and to do simple

maintenance must be part of the programme.
 

Use of High Pressure Biogas in Dual-Fuel Engines
 
The optimum pressure for bi.ogas to be used in a dual-fuel engine is
 
75 mm WG. The biogas pressure from a dome or a tunnel plant is between
 
200 min and 1,400 mm WG. Attempts have been rmade 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 effoctively. The operation of
 
such a regulator is given in Figure 8.3. The pressure of the outlet gas
(pP) is balanced by a weight (or spring) (M), acting over the area of 
the rubber dlaphragmu (Ad). When the pressure is too high (p2 > M/Ad), the 
valve is closed. As gas is used, the valve opens (P2 < M/Ad).
In more accurate pressure regulators, the effect of the inlet 
pressure (pl) acting over the valve area (A.) is cancelled out with a 
a second diaphragm (area Av) placed so that the inlet pressure (p.1), 

acts in the opposite direction.
 
Commercial regulators are available and can be purchased in India and
 
elsewhere. Even they do not always work reliably on the relatively low

flows and pressure differentials used in biogas technology. Problems
 
also exist with corrosion of the regulator parts with biogas.
 
Engines are being run using biogas from done plants without the use of 
such complex equipment. The excess pressure can be dropped across a 
suitably sized orifice, which can be a partially closed valve. The 



pressure drop (Ap) is of the order of: 

Ap p 2 or: 

29
 = 15.57 2 mi
 
A0
 

p is the density of biogas, g is the acceleration due to gravity,
Q' is the instantaneous biogas flow rate (litres/min) 
Q1 - 4 x Q, the average flow rate, as the biogas is drawn into 

the cylinder ftr only 1/4 of the 4-stroke cycle.

A0 is the orifice area (mm ). 

If the gas valve is adjusted as suggested above, Is. until the engine
just ruis smoothly, then the pressure drop across it should be correct.The valve will need to be adjusted every 15 minutes or so, as the 
pressure from the dome or tunnel plant will drop as the biogas is used. 
A graph of the pressure drop across 
the ball valve shown in Figure 6.11
 
against the angle of closing (0) is shown in Figure 8.4 for different 
gas flows.
 

The above expression gives a value for the pressure drop in any pipe

fitting, when multiplied by a suitable factor: K, is.:
 

2
 
6p = K. 15.57 K A m2
miiiWG, 

A2
 
where Ap is the internal area of the fitting (mm7) rrr d2 /4. 

Biogas How Rate Mean : Q 56 35 21 litres/min 
Instant: Q! 22. 140 84 
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Figure 8.4 Pressure Drop a cross a Ball Valve, Partly Closed. 



Fitting 
 Pressure Loss Coefficient K(
 

aRe> 2_oo Re<_2 0o_____ 
Elbow (900) 0 .75 0.9 
Tee (Branch-Line) 1.0 1.5
 
Tee (Straight Line) 
 0.4 0.5
 
Socket 
 0.04 0.05
 
Roduuing Socket 0.5 
 -

Sudden Expansion (I . 0 /d )2
 
Meter 10 2
 

Table 8.1 Values for rressure Loss Coefficient (x) for Fittings
 
(Pritchard, Peri'y).
 

Values for K for different fittings are given in Table 8.1. 
They

depend on the Rey-nold's Number (Re, see Chapter 6). The values of K

for different fittings should be added together to give a value of: K
 
for the whole pipeline. The values of pressure loss for the ball valve
 
(Figure 8., above) were calculated assuming the valve is a sudden

reduction in diameter (K 
= 0.5) followed by an expansioi

( K (1 - A/Ap) - Borda-Carnot formula - Perry).
 

Carburettors for Mixing Biogas and Air
 
If a diesel engine i to be advpted to a dual-fue. engine, the main
altezation is the addition of a carburettor to mix the biogas and air
in the correct proportions. For a static engine that runs at a fixed
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Figure 8.5 Mixing Chamber Type of Carburettor.
 



speed, the gas/air
simple 

mixture is roughly constant (1:5 approx.), so adesign of carburettor can 
ones that must be 

be used. Tor mobile engines, or staticnin at varying speeds, theadjusted gas/air mixture must beto suit the engine speed, so the carburettor must be morecomplicated (Holl:.ngdale).
 
Two types of carburettor riavu been used in Nepal: one is a simplemixing chamber device, the 
design (Figure 8.5) uses 

other uses a ventury. The mixing chamber

the pressure drop across a paper air filter
to create enough suction to 
draw biogas through the gas valve during
the intake stroke of the engine. The areas of the gas inlet pipe (16 0),the air inlet orifice (360 O and the mixture pipe 39 0) help tocontrol. the gas/air mixture. The gab supply is regulated by the gas

Va] ve. 
The mixing chamber has been used with several types of Indian made
diesel engines (3 to 7 I?; 2.2 to 
5.2 kW) and it seems to wcrk well.
Further improvements may be made: for example,the engine perforance
could be improved by maki.ng the 
 air orifice adjustable (Lichtmann).This type of carburettor did not work with a Japanese made engine that1as a higher compression ratio (23:1 Instead of 17:1) and ran a.,slightly higher revolutions (2,000 rpm instead of 1,500 rpm
3.7 kW) ,han the Indian models. This engine could not be used 

at 5 HP, 
paper air filter, and the pressure drop 

with a 
across the oil-soaked wiremesh filter was too low.
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A ventury type of carburettor was designed for use with this engine

(Figure 8 .6). It fits between the air intake pipe and the 
 air manifold 
in the cylinder head. As the incoming air is drawn through the vantury,
the change in pipe cross-section causez a reduction in preeur-, which

draws in biogas.through the holes. The use of several holes in the
 
ventury should allow for good mixing. Tests with the 5 HP Japanese

engine give biogas to diesel ratios of 4:1 
(ie. a 75% saving on diesel).

Further tests and adjustments way improve these figures.
 
There are many other designs of con.burettor used by different groups
involved in biogas technology (ESCAP, Piclcen) and further research
 
may offer better designs.
 

Use of Biogas for Milling
 
Most mill engines in Nepal are 
slow running diesel or kerosene engines,
although electric motors are 
taking over, where electr.:city is avail­
able. Biogas dual-fuel engines tend to be faster running and smaller
 
and are used with smaller sizes of milling equipment.
 
The two machines used mainly in 
a mill in Nepal are a rice huller, that
 
removes the hard hulls from the grains 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 other oil
 
seeds, is also often used. Each of these machines are avaiable in

different sizes from commercial ,zources in India. A typical small
 
machine uses 7 or 8 HP, so cnly one such machine can be used at a time
 
with a 7 or 8 HP dual-fuel engine.
 
Such an engine could be used for 
3 to 4 hours a day with an S.D500 bio­
gas plant (depending on ambient temperature and whether slurry heating

is employed). 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 EP8O would run

the system 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).
 
The outputs from the 7 HP machines are: 150 kg of paddy per hour for

the rice huller; 
90 kg of flour per hour from the flour mill; and 30 kg
of oil seed from the oil expellor. One such system has been installed 
near Butwal and has been runnyrig 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 wter from an arteslan 'ell is used
 
to cool the engine. The 4 joint owner. s are 
 very happy with the system
and are making enough profit to pay back the loans taken to pay for 
all the equipment (less a 50% subsidy for the biogas plant). 5 or 6

similar systems have also been installed in Nepal and more are being

ordered. Most are working well, although a few have 
 some problems with 
cooling the engine.
 

When such a system is installed, the engine and willing equipment
be properly installed. They must be bolted 

must 
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, so the machines 
must be linked to 
the engine while it is running. Traditional mills
 
use a flat-belt drive, with a split drive pulley. The belt 
can free­
wheel on one half of the pulley, and is pushed onto the driven half to

start the machzne. Flat belts are inefficient and can be dangerous if 
they jump off a fast spinning pulley.
 
DCS uses 'V' belt drives, which are more efficient at transmitting 
power and do not jump off the pulleys. The engine and the macnines 
are mounteO so that the belt is loose and the belt cax. be tightened 
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Figure 8.7 Two Methods of Tensioning IV' Belts
 
with a 'third pulley on a weighted 
lever (Figure 8.7). An P.1ternative
approach is to mount the machines on a metal frame hinged to 
the floor.
The whole machine can be lifted 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 is
given in the manufacturer's manuals and these should be carefully readbefore any machine is installed. Training courses must be given toall villagers who are to operate these machines. 

Use of Biogas for Water Pumping

If water is 
to be lifted from one level to another, higher one, a pump
can be used. Mechanical pumps can be driven by 
a dual-fuel engine,
using biogas as a fuel, 
 ut the pump and the engine must be matched
together and to the !iituation in which they are used. Usually a
matched "pump-set", including both the engine and the pump, is supplied.

A supply of water is required that will meet the demand, whether it befor irrigation or drinking water. In a monsoon climate, as 
in Nepal,
many water sources 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 am irrigation
canal to the fields, an artificial 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 reinforced with concrete or by
gabios (wire cages filled with rocks), to prevent erosion. If no river
or canal is avalable, 
a well may need to be dug. Advice should be
sought from local people and water supply experts as to where under­ground 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 expertise is not available, then a suitable
book must be consulted (Minto, Stern). If the water table is 
more
10 to 20 metres deep, a tube well can 

than
 
be drilled. This requires special
expertise and machinery, but there are many water drilling projects in
Nepal and other developing countries, that can be approached for help.


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



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

tho source water and the point to which the water is pumped. If water
 
is pumped from dug wells or tube wells, there may be "draw-down", ie.
 
if the water is pumped out of the well faster than it entors the water
 
level will f:rop. until the two are equal. The pumping head is in two
 
parts: the "auction head", between the supply water level and the pump,

and the "delivery head", between the pump and the outlet. The total
 
head is the 
sum of the two. The suction head may be negative, ie. the
 
pump may be below the surface of the bupply water, so the height

difference must be subtracted from the delivery head. The suction head
 
canno+ be more than about 7 metres as 
"suction" relies on atmospheric
 
pressure (10.33 metres of %ater) to drive the water up the pipe.
 
The relationnhip between pumping head (H, metres), water flow rate
 
(Q, litres/sec) and power requirement (P, kW or HP) is given by:
 

P =H Q kW or P = HP (Morris).
 
r ,000uon 	 74b 

p is the density of water (1,000 kg/lit),
 
g is the acceleration due to gravity (. 9.81 m/sec2),

xl is 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 centre 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 flymheel, through a flexible coupling.

They are designed for a particular nead 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 

*60. 3 

E 
."rpn 
 kW HP 

~2O-~ 2000K5S -7.4 
ra 
I1800 	 4 53 

-460F2.8 .3.8 
.o - -- . ---- 1400 1.9 2.6 

._ 
 1.2 1.6 

0 
4 5 	 6 7 8 9 10 11 12
 

Pumping Rate (Q litres/min)
 

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



Thbe well pumps are either axial flow impellers (like a propeller in
a pipe) or positive displacement pumps (a piston in a cylinder). The
drive frou the engine has to be transmitted to the pump, which is
down the pipe immersed in the water, o0 the overall oi ffciency of the
system is reducpd. An average efficiency can be taWen as 60% (Stern),but the antual value for any pump in 
a 'jiven situation must be
 
obtained from the manufacturer's literature.
 
Other types of water pump, that ca" 
be run on biogas but do not use a

Separate internal combustion engine, are being developed. I'hey include
the Humphrey pump (Dunn), 
which io kn internal combustion ,as engine

that uses a water column as a pi an, ste-ti oumpe (2.ickett and also 
steam engines driving conventional pumps, 
Hoc ize of a dual-fuel engine and its daly.]_ 
 uup is u:laly limited
by the amount of biogas available. A 5 HP engine c'n be used with 
an
SD50O biogas plant for alout u hours a dayI 
if the ambient temperature

is ;tgh (giving n tt t' ' kW hro a lay) . Given the pumping head
Mnd an entimate of the pump efficiency, the above formula will give

thne amount of wato .m w 
 able each day (W cu.m/day):
 

W = Q x -. , a n, where n is number hours/day that une
 
pump is use?,
 
The availabily of water dnterMi::ie the area of land that caa be
 
iri gated (I iecua-v'"), amount of at,'r require! by a hectareT'.Pr-

(10,000 
s. m A 'lnn d (w, ma dopt' per mon th) is affected by the
porosity o" Vh awl (how foot o'h water. -n, away), the humidity
(how 09;.t Qe water avaporat-a), e crop (i.ce ema'mds more water

than matz '-' W'Lques (amulch car ''e evaporation)

anua many c - yr Un wE :.e.lson), rfa value fo'r watar requirement

(w) can 'e Q d Wen the UTr--t ted ar.a of land ti) can be calculated:
 

I.
a., 
 A ing 30 days in a month,
 
For the ±era of Nep, -
An veras value for 
w is 160 mm/th, but
local agriul-ural oxpes b.uv.n
.d be consulted to obtain the relevant

figure for a prn:uar .. ma; and crop,
 
One biogas irri c.jon
system has been operaU1 ag in lepil, in Parwanipur

near Birgunj, for evu 
 4 years And uas proved very succussful. It
 
pumpe water rcrma:al' a ll-year a ol
man irrigation flume that
takes it to the -0;js; up a head of .3 in (Figure 8..3). The biogas

plant is an Swq ! s'supplied w'th ,nrf om a 30
herd oi buffalo.
The effluent from 0a piant in wined pit
'h the irrigation water in the
flume. The pump .oniuid supply abou 700 cun of water per day, to a
land area of 34 h.. Thin is inauffiv.ent (14 ha needs at least 1,500
cu.. a day). no the o ' 
 .nted. a'" t..... is u... by an electric pump.Tne owner T-efeus z, ue the ,iogs yie:: i3 far as possible, as it
is much chenger 7n r and the supply jfi.gas is much more reliable
than the ioc:oi s'pply of electricity.
 

in 4i ,;., th~e cant,, sheds. biogas plant, pump, canal 
and irrigation
f.lne vE t 
 ago to be close together. in other places, one
OE mCov c'-''
Ce :Iue ,'nyosytem:"may be some distance from the rest.Cattle dun, may to carried some disua.1ce; gas may need to beaa bc 
pipe-d atl a (se aWr'p' hapter 6); a canal way need to be made
 
0 c'rry the. wate. T' "!i
'L.your rud 
 :,of" each component cf the 
system must be ,'vreful " q1' ua6n1 Sofory i' built,
 

Us{e of hing. For!: El):"Vectricity Gee{r'ation
 

Iiogas engines can oe used tu driv rger to for eiectricity, and

severala aysnema have been 3et up in 1epal. i.'a dual.--ruel engine is
being used for dnother purpose, a small (0.5 co I kW) generator can 
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be run at the same time, to provide lighting. Electric light is fex 
mors efficient than gas light: 700 litres of biogas could generate

I kW.hr c f electricity to r-un 16 60 W light bulbs; the same gas could 
only run 5 biogas lights for an hour. 
Apart from lighting, it is usually more cfficient to use energy directly,
rathe' than generating electricity and using that. Biogas can be burnt
 
to give heat, or used in a dual-fuel eiigine to give mechanical power. 

Biogas Used in Cottage Inuotries 
As biogas gives good heat with suitable ',t:-ves, it can be used in 
cotLage industries that require heat. Sevtral such industries have
been coinsidered for Nepal: making cheese from milk, making soap from
vegetable oils and custic soda, cxtracting medicinal oils (eg menthol),
by boiling, making jam ard other preserves for bottling and roasting
coffee beans are a few. Only one such system has been built: a cheese
plant in Pauwa (Meier) by the Swiss Association for Technical Assist­
ance to Nepal (SATA). 

1e amount of heat required for a process must be calculted, when 
deciding whether it car be run on biogas. Taking the cheese plant
an example: each 

as 
100 litres of milk requires 5,500 kCal to steralise 

it (heating from 20 C to 79°C) an a further- 2,200 kCal to warm the
culture of milk and rennet (at 42 C). Boiling 'rater is also required
to clean the equipment (say 50 litres, needing 4,000 kCal). Taking an
overall ufficiency 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 hierd of cattle is enough tc process the amount of milk produced
by tne saine cattle to cheese ucing biogas as a fuel. 
Unfortunately, the Pauwa cheese plant has not been very successful, so 
the tecluology has not been adopted elsewhere. In Nepal, the Dairy

Development Corporation builds cheese planrs of a size to process

1,000 litres of milk a day. If such a plant were run 
on biogas, the

dung of 150 cattle would be required. While farmers are prepared to
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carry a few litr.s of milk to a central plant each day (often half-an­
hoara' walk each way), they will not carry dung. The Pauwa plant was 
designed to run on dung from a central piggery, from animals fed on 
the whey from the choese plant. Ill-health among the pigs has been a 
reourring problem, resulting in poor biogas production. Pauwa is
 
sited at 1,800 metres above sea-level, so solar heaters were used to
 
keep the bioas plants at a suitablo temperature and to preheat water 
before it w ., heated in a boiler by biogas. This approach proved very

expensive.
 

If biogas is to be used in this type of cottage industry, the scale of
 
the process wust be reduced, to suit the supply of biogas. Several
 
small-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 difficu7.t to transport.
A central office can offer quality control, marketing and maintenance 
facilities. This approach, of using a Service Centre to 
help village­
based industries or workshops, has been successful in other contexts
 
(Garg). 
If biogas production is likely to be inadequate for ai industrial
 
process, consideration should be given to 
the use of higher efficiency

neating systems. An open gas burner loses much of its heat (40 to 50%)

to the open air. This heat could be trapped and used, If the whole 
unit (burner and vessel being heated) was placed in an insulated 
enclosure (Fulford). Suitable vents (of at last 150 sq.mm area per
litre/min of biogas used) should be provided for the burnt gases,
but they should be arranged so that the gases give up most of their 
heat before they escape Figure 8.10).
 



Chapter 9. Starting. Operating. Servicinq 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 I and 10) but because
 
DCS's experience is mainly -ith cattle dung this chapter

will only refer to it as the feedstock material.
 

Slurry consistency
 

Slurry is made by mixing the dung with water to make it
 
fluid. Most pec.ple 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 cart be
 
used with no significant reduction 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 (called Total Solidst TS)
is to take a sample of the slurry, weigh it, dry it in an oven 
at 100 C for 24 hours and weigh the residue. 

Total solids = weight dried sampleweTght ofof orgnal sample 10 

Ujider village conditions of making the slurry it has been
 
found that a I11 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. II 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. Too thin a slurry,
i.e. less than 6% in unsatisfactory because the slurry will.
 
sepe!rate 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.
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SlUrry Mixing
 
Mixing of 
the slurry for small plants is locally often done
by hand, bit 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 commonly used. Whatever method 
 is used it isessential to mix the dung water thorouqhly until there areno lumps. If there are lumps then gaz production will bereduced because the gas producing bacteria do not have free
 
access to the food in the lumps. 

When mixing the slurry care should be taken to avoid thefollowing 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.
 

- Straw or grass etc. Any that is in the sluury while it isbeing mixed can be removed by using one's fingers or a si­eve. If it is not removed it will float to the surface of
the digester, especially if the T.So is less than 10%.Thick scum in 
a digester causes reduced gas production and
where a gas drum is used, it restricts the drunt's free move­
ment, 

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

and scum problems.
 

- Oil,soap, detergent. 
Water mixed with these things should
not be used for making the slurry as they can kill the

bacteria and stop gas production. 

Starter bacteria 
The bacteria which make methane gas, exists in all cattledung. Therefore no special starter is needed. 
In cold weather
the bacteria 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.
 

Fillinq the digester
 
Digesters should be 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 sometiihe
prior to filling the plant. 
It must not be allowed to dry
and become hard during this tirte 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 z.digester

with a centre dividing wall, 
care must be taken to fill both
compartments equally, otherwise the centre dividing wall 
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will collapse of uneven pressure. Therefore drums are notfitted until the plants are 
filled in order to be able to
see the slurry levels in both compartments.
 

In cement 
 dome and tuimel pla.ts the main gas valve and atap are left open to let the air escape until the plant isfilled with slurry. 
For safety reasons it is recommended
that the gas tap opened is one at a condensate trap.
 
Slurry is 
 ed into the digester until it reaches:
 

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

If theie is any water lying in the bottom of the digester
before it is filled with slurry, this will not matter.
slurry should be made as 
The
 

thick as possible while still of
flowing consistency (it must be free of all lumps). 
a
 

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.
 

S tartLqhh L]pant
 
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. T"he 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 be given a final coat of paint and damaged
paintwork should be especially well covered to prevent rust
starting. 
After filling the digester the steel drum is
placed in position over 
the central guide. 
The main gas valve
and burner taps are opened to allow the air to escape and
drum to settle down onto the
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 t 
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 is allowed to form until the slurry
 
comes out of the outlet or gas starts to escape by bubbling 
cut from the gas storage space through the reservoir.
 

The first gas produced usually has a high percentage of carbon
 
dioxide COz in it and often it will not burn. It can also 
have air mixed in with if the procedure given above is not 
followed properly and so there could be a danger of an explo­
sion. Therefore it is reco;lnended 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
 
no saoking while the gas is escaping The second .lot of gas
 
will, in almst every case, burn well. Occasionally there
 
is still too much CO2 and only the third lot of da- will 
burn.
 

Notes Once a biogas plant is full, no further slurry should
 
be added until the gas storage volume has been filled three
 
times with burnable gas, or after 15 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 no gas 
production or gas which does not burn (too much C02) when
 
starting a plant. 

All pipework needs to be flushed with gas by opening the
 
taps in turn until 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, v .i necessary, to remove condensate from the gas 
pipes using the condensate taps and water outlet devices. How 
to make the slurry is given above 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. when 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 correct 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 (cm) 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 too little, too thick of too thin
 
a slurry has been used, them it should be corrected. If it
 
is a big change it should be corrected in stages over a period
 
of time. A major alteration in the feed made at one time can
 
have an adverse effect of the bacteria and instead of an
 
increase in gas production there can be a temporary reduction.
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With tunnel plants using 2:1 dung water ratio it is recommendedthat 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 6hout 40 daysand the temperature is low then there is 
a strong possibility
that all gas production will stop. The equations th-atcan be
used for working out the effect of additional slurry are ,qiven

in chapter 5.
 
Having taught a person how to make the slurry correctly italso is important to explain not 1n- ,i.k L. O w- bywashing out the inlet tank witY, an extra bucket of water andletting this run down the pipe into the digester:
 
It is generally considered beneficial 
 to mix the slurry inthe digester to release gas bubbles arid break up any scum inthe digester. In the steel drum plant this is easily done
when thegas drum is low in the slurry (i.e. after using the
gas) by rotating it back and forth for a few minutes once
 or twice a day. Most dome plants have Li mixer fitted and
this 
too cab be used in a similar way after the gas >as been
 
used.
 

In the tunnel plant no mixer is provided but a thic' slurryis normally used which means scum does not 
form readily. In
both tunne 
 and dome plants there is some authomatic mixing

as the sluriy moves in and out of 
the slurry reservoir as
gas is alternatively stored and used. Occasionally in Nepal
some pig dung is available and added to 
the cattle dung slurry,Using this mixture gives more gas then cattle dung alone. Thesame is true of night soil and urine are added via an attached
latrine. This is due to there being 
more nitrogen in these
 
materials.
 
One other operation that needs to be done from time 
to time
is the removal of dried slurry. During dry w ither in parti­cular, this tends to collect around the outlet of all typesof plant and block it up. It needs to be removed as necessary.Built up dried slurry should also be removed from the sidesof the mixing pit and with the floating steel drum plant
from between the digester wall and drum. 
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Operational problems and remedies
 

Startinq Problems 

Problem Possible cause 	 Remedy
 
Gas drum does not rise Lack of time In cold weather (20°C) it can take 3 week to
 
(floating steel drum start a plant. Have patience"
 
plant)
 

or Feeding in slurry while This is 	a common fault No slurry should be fed
 
Pressure does not rise waiting for first gas to until the third time the gas storage has been
 
(cement dome and collect, filled with burnable gas. This allows the right
 
tunnel plants). kind of bacteria to develop and the pH to correct
 

itself.
 

Very few bacteria. 	 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.
 

Burner, light or condensate 	Close it.
 
tap open.
 

No water in dipper pipe 	 Al-)ut 1/4 litre water should be poured into the
 
(condensate trap) 	 dipper pipe (I litre for special tunnel plant
 

gas outlet). Any excess can be removed using
 
the dipper bucket.
 

Leak in gas taps, piping Locate and repair
 
or gas storage.
 

First gas produced Wrong kind of gas. 	 The first gas should not be burned. It may
 
will not burn. 	 have air mixed with it and could explode.
 

Frequently the first gas has a high percentage
 
of CO2 and so does not burn. Usually the second
 
lot burns. (Also refer "Feeding in slurry...."
 
above).
 

Air in the gas pipe. 	 Allow it to escape until there is a defimite
 
smell of gas.
 

Wrong bacteria 	 Add lime till pH is 7. D not add fresh slurry
 
(Foul smelling) 	 until burnable gas is being produced.
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General Problems
 

Problem Possible cause Remedy
 
Gas drum (or pressure in Burner, light or condensate Close it, or them.
 
dome and tunnel plants) tap open.
 
goes down quickly once No water in dipper pipe Add water as given above
 
main gas valve is opened. (condensate trap).
 

Major leak in pipework. Locate and repair.
 
Gas drum (or pressure Temperature too low. Gas production is always reduced in cold
 
in dome and tunnel plants) weather. Ideas to increase gas production

rises very slowly. Thick scum on top of slurry are given in chapter 10 Remove scum.
 

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

Daily slurry wrong. Correct amount and consistance should be
 
Too thick or thin or too added daily. Gas production should correct
 
much or little, itself in a few weeks.
 
Washing out mixing pit with Do not let extra water enter the digester.
 
extra water and allowing this
 
or rain water enter the
 
digester.
 
Slurry mixture suddenly Slurry mixture should not be altered too
 
changed a lot. much at one time-

Putting chemicals, oil, soap Feed daily with dung and water only.
 
or detergent into slurry. After 2 to 6 weeks it should correct itself.
 
Gas leak. Locate and repair.
 

Gas will not burn. Wrong kind of gas (probably Let gas escape.
 
too much CO2) due to putting Correct the amount of slurry and urine
 
in too much slurry or too much fed in daily. It may take some weeks for
 
urine per day. the gas plant to correct itself.
 
Air in gas pipe. Allow it to escape until there is a definite
 
smell of gas.
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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 flame ports, 

do not stay alight.

Flame pulsates. 


Flame small. 


Possible causes 

Remedy


Sieve in inlet pipe(if fitted) Remove, clean and refit.

clogged.
 
inlet pipe blocked. 

Slurry too thick, 

Outlet ripe blocked. 


Slurry outlet slot blocked. 


Outlet too high.
Porus masonary used to build 

digester or serious cracks 

formed. 


Burners (Sotves
Incorrect primary air aupply. 


High pressure gas. 

•
 

Condensate (Water) lying in 

main gas pipe. 


Gas jet in burner partially 


Clear blockage by pushing pole down inlet

pipe. Correct consistancy.

Clear blockage by pushing pole down outlet
Cie .
 

Clear. 
Slurry often dries in the overflow
slot and blocks it especially if it is not
 
bell mouthed (figure 5.1)
Lower the outlet level.
Empty plant, if walls cracked, repair them.
If masonary porus then plaster (replaster)
 
inside of digester.
 

Place cooking vessel on stove and adjust

primary air supply with air adjuster.
Partially close gas tap 
till flame is normal.
 

Remove water from water traps. 
If the problem

continues, then water is lying in part of the
 
pipe from wich it can 
't drain. The pipe
must be relaid at a slope of IzO00 and an
extra trap fitted if necessary.
Clean jet with sliver 
of wood or bamboo.
 
Do not damage or enlarge jet.
Flame ports partially blocked. Clean out.
Water in gas pipe. 
 Remove water from water 
traps
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Burners (Stoves) Problems Cont..... 

Problem Possible Cause Remedy 

Low gas pressure:
Drum; Lcum preventing free Turn drum to break up scum and remove dried 
movement of drum. 6±urry between sides of digester and drum. 

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

Dome or Tunnel: r-as outlet blocked with Open end of gas outlet. Clean outlet with 
slurry. 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. 

Gas pipe or 
with slurry, 

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

No gas at burner. Main gas valve closed. Open. 
Burner tap blocked. Certain insects build nests with mud in open 

ended pipes or gas taps. Clean out with a 
sliver of wood. 

Condensate (water) blocking -ee "Flame pulsates" above. 
main gas pipe. 
Gas outlet, or nearby pipework.Clear blockage.
 
and valve blocked.8 See "Flame small- Dome or 'Funnel" above.
 

LAMPS
 

Light is poor. Gas adjuster requires adjust- Adjust until mantle glows brightly. Now 
ment. mantles take time to burn, form the correct 

shape and to allow the flame to go inside 
the mantle. Only then will the mantle burn
 
brightly.
 

Low gas pressure. 	 see "Burners : Flame small: low gas pressure" 
above.Most lamps require a minimum of 75 mmn 
W.G. to burn brightly. 

Obstruction in lamp ventury. 	 This is a common problem. Clean out thorough­
ly with bit of cloth wrapped around pencil. 

Wrong type or size of mantle. Use correct tine and size to suit lamp. 
Mantle break frequently. Gas pressure too high. Adjust pressure with gas tap. Open gas tap 

slowly. 
No gas at lamp. GaD jet in lamp blocked. Gas adjuster should be operated to clear the 

jet. 
For omer possible faults which 	are common with burners as well, refer to that section.
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Servicing of Plants 

(How to service assessories and appliances is given in chapters

6 and 7) 

Floating steel drum design
 

Annual painting
 
Gas drums need to be painted annually particularly on the
 
outer sides. There is no oxygen on the inside and rust rarely

occurs. The lowest paiLt of the sides, which is mostly sub­
merged 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 be throughly washed off using

clean water and all rust scraped off using a steel scraper.

Then the surface must be cleaned with emery paper or 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,

sa~wdust, etc., 
are mixed in with the slurry and especially one

using thin slurry, it could be necessary after siz months. 

First of all it is necessary to remove 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 now be removed from the cop 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
need attention but if there are any signs of rust it should 
be repainted before replaceing the drum it is very important
to let all the air escape as described earlier in this chapter
under "startin g a plant" . 
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A>" fdums art- not painted requal thn,rust, particularly 

oil the side :,~i4quxJcly become a .er .ous problem.. If one 
or two small hoir are rcund, they c-a 1b6 rlepaired using an, 
, oyo, resin such as Malditn If the drum has a few holes 
i. is tnosi. likely that soon many mor-e 'wiJll appear, Neither 
(*lain~gon of patche:s or cutting o-ut detctive piece and 

replacing them has b6en, found satisfactoryt. R~ust icontinue3 under 
the, patch where it canot be painted and iA the badly rusted 
old steel', even wnder, new paint.. 

£'pa'onlY. th.ng to do is to replace the iho.e 

On or two domes have craclerd and leaked gas due to poor 
quality cepment being used. The whole plantmust be emptied4 	 (the contents can be Etored in a pit for reuse after repairs), 

cleaned out and repairedt The repairs depend on the seriousness 
of theo crack. Itcould inivol.ve more plastering, or reiiival of old 
plaster 	and So it. never been" necessary" : • "replastering, far has " ' ' ....... rieplace zadome,, .: .. ..	 .
 

SCiwnil b,:eOa];e!9 ha'Ve roenoff ~a.nui!6ber of occasj.ons but 
"6hey have not 1,en re-aired. As farmers do not cowplain 
of gas producthin after the breakage it is questionable if 
they are realily needed. If scum 'were a problem it would be 
necessary to rem-2ove the slurry in order to get at the scum 

tremove iL. 

-unne! olants 

A lixrited numbe. ori the~ieplnL have bee-2n built. So £ar the 
'p>.tic lining h~s nevnr dt-'b; be Serviced and scum ha, ­

never b.e ; pboblem. An a'dvantage wi th this plant has been 
the thicker ':tuxry used which. prevents scum forming so 

reaecj.2.* If the plastic lining had to he repaired or scum 
ri-lnved I L' Would be necessary to remove -the. sluArry from theL.. 	 .
' pla.It firs t off a.!i .... 

/ 	 Biogas-when used' as, instructLa, is safer than other gases
 
commonly used in houses. It can only burn when there is
 
9 to 17 % biogas mixed with air which ixe narrower limits
 
than other gases. - If all the air is removed from the-gas. 
plant and pipes before use; both at the time of installation
 
and any repairs (as explained earlier in this chapter) the
 

greater 	than atmospheric and therefore air cannot enter the
 
system. For this reason flame traps are not used in gas
 
pipes in Nepal. 

W. nl 	 b 
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Leaks in the house pipe-work 
If gas is smelt in 
the house, it is certain there is
serious leak. a
Doors and windows should be opened to let
the gas diisipate and fresh air 
come in. The main gaE valve
should be closed and there should be no maked flames, either
lamps or fires, nor smoking until the smell of gas has gone.The first thing to check is that all gas taps for lampsand burners are closed. The main gas valve can be 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.
 

Enter~ina aesgter
 
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. Biogas 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 before
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
lowered down and watched. 
If, after 5or 10 minutes when
the animal is brought out, it seems 
to behave normally it
indicates that there is enough air in the digester and
it i3 safe to enter. Sould the animal faint or lose con­sciousness it indicates a lack of air and it is not safe toenter unitil. the gas been disapated. This will take timebut can be speeded by blowing in air, e.g. with a winnowingmachine. Alternatively the gas can be lifted out in buckets
and poured away so 
that it cannot re-enter the plant. by
flovinig da, the in)"et or outlet. As the gas cannot be
seen it is difficicult to thetell effectiveness of thisoperation. If ) worker reels dizzy while working insidethe digester or finds it hard or uncomfortable to breathhe must leave immediatelI and rest in a place where thereis goo air circulation. There should always be a secondperson to pull out a 1orker should he taint in the digester. 
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CH. 10 I1IOVki.ENT3 OJ BIG.AS PLAJT PPRFOR.IACE H. Lau-Woxg 

10.1 Iden ,.,e_ noblemIl[~i~_ 

'he mjority of sntve_ + Vlant -malfuilutizning er.oDrtrtered 'rl Nepal are 

vi.used by mechanical problems, such as leakage: in valves and piping 
and crack in digester pits (Ch.9). Occasionally though, tne microbial 

process itself can go awry, and guidelines are given in this chapter 
for troubleahooting and rectification. 

Note that plant malfunctloning can affect gas production in two wWO: 
1) Reduction in the quant t of gas output, and 

2) Decline in the quality of the gas --- low methane content with 
a la-'ge proportion of incombustible or undesirable gas. 

The symptoms arid cuiseo of common problems are summiarised in 
Table lO.. Aost problems asan actually be avoided if the plant
 

operators are aquainted with the ABC of biogas production. For plants
 
that function normally, gas production can be enhanced by manIipu1eting 
zubatrate (feed) input or operating conditions as described in the
 

foilowirng sections.
 

10.2 up.Lijy of feed innut 

fnterstini'y, the causes- of low gas production freauentlywe 
encoiunter are ouite obvious and can easily be overcome. Farmers 
u. ;ually ridd considerably less amount of gobar (cattle or buffalo dung) 
thn recommended and complain about insufficient gas. It is also 
cormmon that they add more water for mixing thriz necessary. If water 
is excessive such that slurry solids fall below 4- to 5% by weight, 
stratification ocm;urs as the denser solids seperate from the liouid 
and settle to the bottom. Furthermore, eotra water input can decrease 
the retention time of slurry in the digester to such an extent that 
the slu!'ry is much unexhaustod as it leaves the plant , ef!'iuent. 
;'ficiency is thus reduced, and in severe cFsez when the dilution 

r' .te i3 to- high, wash-out of the micro-organisms cnn occur 'Ch. 14). 
i !ire- : where water shortage is - problem, the recommended water 

tj sub:-tr:e r'itio should be carefully observed so that wastage
 

c-.n bn -r.evented.
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Table I0.I 
: Diqaostic Chart for Process MalfunctioninK
 

Cause 
 !Symptoms 
 Diagnostic tool/treatment
 

Mechanical problems Little or no gas 
 See Ch.,9
 
Input quantity (water Gas reducedc' If 
 Daily input weighed or measuree
 
or 
substrate) insuffi- water in excess, atra- and adjusted to recommendation,
 

cient or disproportioned tification occurs
 
Quality of input poor or Quantity of gas and/or Cheek CN ratio. If ammonia or
 
nutrient overdose 
 methane content low 
 urea too high. adjust level
 
Microflora imbalance; usu-pH low or acidic (be-
 pH easily detected with #H
 
ally too many acid-,formevslow 6.5). Gas- reducedi indicator paper. Lime or other­
and tow few methanogers foul or incombustible, alkali can be added to increaseo
 

.. ....
 _being low in methane H,#_

Biogas microflora ndt 
 Long lag time at start-Seeding of new plant with
 
estabished 
 up, zas foul/incombus- slurry f~om aperating plant,
 

tible
 
Indigestibility of feed 
 Gqs reduced. Little 
 Check lignin content of feed.
 

change in feed 
as seen If straw used# cut to small sadn
 
in effluent 
 and add reuirednDt.r_ --..


Gas tr'ipped by scum formedGas reduced. In drum 
 Before addition, fibres ramoved
 
by fibrous feed 
 plant,scuE visible at 
 or reduced in size. If scum 

3urfae *ey eeaAu tlan . 
Toxicity from chemicals Little or no gas, 
 reed and water checked for 
such aj soap, pesticidem, icroflora inactivated contami.nationr Digester slurry

antibiotics, or high 
 r exterminated 
 -ay have to be replacei antir 
level of nutrients. with fresh slurry.

Temperature of slurry Gas reduce64 Overflow iTemperatuxa measured at outlelto 
unsuitable of slurry in displace-iIncrepse temperature by insula*
 

ent plants infrequent tion and heating methods.
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0.3 Quality of substrate
 

Carbon-nilrogen balance:
 

The quality of the substrate or feed determines the afunt and nature
 

of the gas produced. In the Indian subcontinent, gabar is a popular
 

feedstock for biogas planti Gobar, though plentiful, is neverthele's
 
aRimal 
 -c n 

the product eee that has passed through the digestive traet once.
 

in this process, the easily digestible nutrients are removed leaving
 

the more recalcitrant materials like lignocellulose behind,. Sobar is
ani al 

therefore deficient in nitrogen, especially i§ thi eed is poor, and 

the methane content of the biogas produced rarely exceeds 55%. Furthermorq 

if gobar is left exposed for a long period, cxndiderable amount of 

nitrogen can be lost in the form of ammonia, as much as up to 40% 

in ! few days. 

Other types of materials such as poultry, pig and vegetable waste.,
 

water hyacinth, algae, molasses, animal urine, and night soil havt
 

been investigated for thei.r potential as substrate or supplement
 

(juiramanian, 1977). Poultry waste, pig waste (Kwon and Kim, 1978),
 

night soilf and water hyacinth, all heving higher nitrogen content
 

thri gobar, snowed promising results. However, adoption of high
 

gpas yielding materials is practically limited by their availability
 

and; people's attitute towards using them. Pigs are only raised by
 

people of certain castes in Nepal and night soil is considered uncleam.
 

Addition of vitamins and a rich nitrogen source such a5 yeast
 

extract stimulates the growth of methanogens but their high costs
 

and unavailability in poor rural areas inhibit their use as supplementm.
 

Much euphasis,therefore, should be put in the search for lcal
 

materials that are rich ininutrients, abundant in nuantity, but are
 

not yet gairilu]y utilised . Examples are-animal urine (nitrogen rich)
 

and straw (carbon rich). Combination of these materials is necessary
 

to give the gas pltnt a 'balanced diet'.
 

In fermentatift, bacteria require atoms of carbon and nitrogen in the
 

r;atio of 30 to 1 (or 26 to 1 by weight) for metabolism and assimilatilon.
 

To determine a balanced diet, the proportions of each material in
 

the substrate mixture can be calculated provided that the carbon
 

and nitrogen contents of the individual materialS are known (see. Section
 

10.4). A resulting carbon-nitrogen or CN ratio between 20 and 30
 

by weight is acceptable. Table lO.2'gives the CN ratio, C%, -and N%
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of some potential substrates for biogas plant.
 

Lignecellulosta residues are deficient in nitrogen but rich in carbon.
 

However, most of the carbon cannat be readily utilised by being bound
 

in the lignocellulozic: complex, Under the anaerobic condition inside
 
a biogas digester, lignin is not decomposed arid its contribution of
 

carbon should therefore ba ignored* Total carbon can be determined by
 

conbustion and subsequent masurement of carbon dioxide, and total
 

nitrogen can bf measured by Kjeldhal method. The following example
 
illustrates how the CN ratio can be calculated for a high lignin feed
 

like cattle dung. 

Calculation of the CN ratio of cattle dung 

Lignin content = 12% of DM (dry-matter) 

Carbon content = 413% of DiA 

Nitrogen conteht = 1.2% of DM 

Unavailable carilon = arbon in ignin = 5.2% (assuming 43% carbon in ligni 

j. Carbon available-37'.8%
 

and CN ratio =31.5
 

The ON ratio of 31.5 for this particular gobar sample. is slightly
 

outside the desirable range. Grain fed cattle tend to produce dung
 

richer in nitrogen and consequently a lower CJ? ratio.
 

Table 10.2 : ON valued carbon and nitrogen (% of drv-weliht) of 

=tential biOga8 Dant swbe ats 
Material {CN ratio' 91N %C; 1% wate Commenl 
Gobar (Cattle/ 20-30 3-4 35-40:72-85 Grain or -rass fed,dung frh. 

buffalo dung) 1-2 Straw fed 
Horse dung 25 2 58 70-75 Dung drier if old, especially, 

Sheep dung 20 3*.75 75 68 'when air humidity iEF low 

Pig dung 14 3-4 53 82 {House, 1978). 

Poultry dung 8 3.7 30-35165 J 
Human faeces 6-10 4-6 40 75.-80 

Human urine 80 35-18 13 95 

Water hyacinth 15-23 1.3 -2.6 24-35-93-95 Air dried.. Values vary with 

stages of growth and habitat.
 
i(Gopal and Sharma, 1981).
 

Rice straw 47.2 !0,56 40 5-10 lCalculated from data in
 

;Van3oest Fud Robertson, 1978.
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10.4 	Addition of urine
 

Urine which has about 2% Lie is a cheap and repadily uvail-ible
 

source of nitrogen. In cow c-L cattle urine cln be collected in­

cemented ditches -ind fed directly into gas plantso Human urine and 

night soil can also be utilised by the attachment of latrine. The 

number of users of the latrine should be controlled so that !,he­

input volume does not exoeed the plant capacity and urea is m'.intained 

below its inhibitory level. Calculqtion for a plant fed with cattle 

dung an human urine is illustrated below. By varying the asmwptions 

the number of latrine users can be estimated for different conditions. 

Cilcul.tion of Vbe number of latrine users for a gas plont fed 
,v.ith cat',ie dung and humatn urine 

. sfume daily input for a steel druwn plant (i4m3nominal daily gas 
oroducinn) to be .300kg cattle dung of 20'A DM and urea not exceeding­

1., o- the Ir- .o er of the mixture. 
Contrioution of carbon from urine biing negligi.-b, 
'Jcarbon fvailable from mixture = 300kg x 201A x 37.8% = 22.7 ki2, 

(fron Section 10.3, Cattle dhtn 9 ,s. 37 8% available carbon). 
Iiitrogen from mixture = nitroPe. from dung + nitrogen from urine 

= 60kg x 1.2% + 60kg x It x 46.75 = 1 kg 
(Ure%.has 46.7% nitrogen). 

CN ratio =o.ajZ± which i5 ncceptable 

'ow urine comprses 2% urea (2Og/1) or 0°93% nitrogen (9.3/1). 
If one person contributes 1 litre urine o- 20g urea per day, 

"Number of latrine users = O.6kg (urea from urine)! 2Og = 

= 30 persons
 

This i.: a cowservative estimate, since the amount of area tolerable
 

i:3 somewhat higher.
 

10.5 Fretreament of lignocelfuiosic substrrtes 

Lignocelulosic materials such as cereal andstriw stalks decomlvS 
with difficulty, but their abundance -t h,,rvest -,i.me ha: prompted 

'mucheffort to tap Their reserve of energy and carbon. Pretreatment
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is often used to increase their digestibility; and supplemented with 
nitrogen' they can serve 
is feedstock for unintls or fermentation
 
processes such as a biogas proceso. Pre-treament methods include:
 
2) Physical or mechnirical reduction of size 
-- grinding chopoing,

and milling disrupt Ihe crys-. I inlty nitture of cel lulose fibres 4A44 
expose mote surf:nc'e F,-eq to chemical and enzymic actions. Usually 
this is the initill ste-T fni lowed bv chemical or enzy-nic- degradation.

2) ,hemicRl degradqtion -- using- -ilkalis, acids, or o;idisi~ig agents.
Sodium hydroxide re.mnkns to be -the most inexpensive and offdative 
agent. For review, see Liu, '.979. 

3) iteam -nd pressure -- ins,. icient unless accopnuoinled by heat or 
chemical. One should be ccritioned thoug.h: if pretreatment conditi oms 
are too . evere, liinin i. broken down to low molecular wignt units
-nni.oitory to the microflor (Han and (allihan, 1974). 

izretreatntent wita che-ici]:=, . te;-., Tressureor iiOcr exoenses and 
reau.res eauipment i.,! trtirinr c erson-iel. ,orever-, t'c excess of aei( 
or ilkili A~ed h<.. to -e neut!.i. ied before fermt_ nt:--::tin. Ihese com­
plications ctin only be ju:3tifierl for biw com.ercLai oner'tJons ,ind 
,,om:,.nit. KI- nts for w;/nich techniical assistance is avswilble-. F'or 
3, ll-ize jos.eqtic -lants, one should .imply go a.9 fr- a3 chop;inp jr
Prinding the straw resuidue to a srmller size (no longer than 1 cm long) 
to prevent the accu:ulltion of a gas-Tripping scum on the 3!urry sirfaee. 
Nitrogen siiould also be sunzjlemented in the form of urea, urine, or 
other compounis, since the CN value of straw is high. A typical CN 
value of rice straw is 47, excluding the lignin fraction. 

10.6 ComLoting-ma terilas substrate
 

Other inethods of pretreatmen t of linocel'ulosic residues include 
the use of microbes and ennymes. Under the an1robic condition inside 
a biogas digeoter,, docomposltion of lignocelJiilose nroceeds slowly
while lignin is nor degraded Ft all. Attemots were made to elucidate 
an ftaarobic microflora that deprades lignin it mesophilic temperature
but unsucceeful (Wohlt et al,, 1978; Aackett et al., 1977).
 

.ioneTheless, 
 ling.n is decompo.ed ,erobicalj and residues cn first 
be degraded to a limited extent outside the aigester. Successful 
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composting is marked by transformation of the fibres from a 
rigid to
 
a flaccid texture as bonds are 
broken and carbon consumed; at this
 
point, the material should be fed 
into the gas plant before further
 

exhaustion. 

lethods for building comoost are n~merous, It can be el9borate
 
involving built-in channels for ventilation (McGarry and 5tainforth,
 
1978), 
or 	it can simply be a oile 0f residues with manure sandwicned 
in between different l-%yers. Composting mate.i,.], be .3traw, grass,can 
stalks, stovers, or vegetable matter. 2he compost pile should be kept 
moist by wateringl a slight concave top prevents runoff of water. 
Decomposition can be accelerated by the addition of manure or effluent 
from biogas plant, and occasionr.l turnina or stirring of the heap 
for aeration as the process is mediated by aerobes like funi., by 
pacing -the .mterial loosely k5s5 than a metre high, decompostion is 
.lso achieved but takes a 
longer time. If the initial pH is not neutral,
 

J.t 	 3houlc be adjusted to 7 or slightly ilkaline with Time.
 
Compostintr cnn be f'acilitated b.'vinoculition 
 with ii-nin degrading 

f-,jani vuch as Trichoderm; vLride and the use of cel-ulase enzyrmen. 
w, compost materials are u' ially rich in carbon but deficient in nitrogen, 
nitrogen-fixing iacteria such as Azosirillim can be inocuP,-ted directly. 
Pheoe b'-icteria can be mass 
produced cheaply in a manure-soil carrier
 
and rire norm.1'1y used for inoculating seeds for cereal crops (Subba-hao, 
1978). Direct inoculatLon of nitrogen fixers to the digester slurry, 
however, will not be effective since the percentage of free nitrogen 

the ligester i, low. 
As conzLderabie a;mount of aeat is generated from aero.ic decomposition, 

comrpostinr can ::-tve the additional purpose of heating and inqul.tion 
in winter if built at 	ground level directly above undergn-ound es plnnto 

10-7 Toxicity
 

nesides the basic elements hydrogen, oxygen, carbon, t-.nd nitrogen, 
micro-orFan,.i.zimn recuire other ele.ents such -is sulphur, phosphorua, 
metals, an" trace minerals for growt.. Metal and trace elements are 
benefical ;it low concentriition, but become inhibltory or toxic a- nigi J 
level-. Alh.aline crtions such as sodium, potassium, celciui.', mnanesium, 
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and ammonium were found to be sti-Tulatory at levels below 200, 400, 200, 
150, and 200 mg/i, but start to become inhibitory qt levels above
 
3.500, 2500, 2500, 1000, and 1.500 mg/1 respectively (Jewell et al) 
1978'o
 
McCarty, 1964). Heavy mettls such as copper, zinc, and nickel 
are 
toxic at levels exceeding 1 mg/1. A sulphur source of about 0.85 mM
 
concentration is esoential, but at a level of 9 mfA all inorganic

sulphur compounds other than Sulphates are inhibitory to both cellulose
 
degradation and methane formation, hydrogen sulphide being the most
 
potent of all (Khan and Trotter, 1978).
 

.31 nce pesticides and herbicides are used somein agricultural practica
and can remain on croo residue:: used as 3ubstrates, their harmful 
effects on anaerobic,digestion were 
studied (El-Halwagi, 1980). When
 
no other causes of plant mairunctioing can be traced, it is worthwhile 
to check if the feed, both substrate and water, has been contamninated 
by pesticideB, herbicides, %niibiotics, or other substances3 harmful 
to the microflora. Water used for mixinp may nave been taken from 
.streams polluted with chemicfl wa;stes from a factory upstreani, or may
contain soap or detergent from previous wa.ihings. Chlorinated hydro­
carbons such as chloroform and carbon tetrachlorile are extremely toxic. 
In 3evere cases of contamination, all the slurry may have to be 
replaced.
 

.0Oib& ro1 of pfl (ac-dit-alkalinity) level of slury 

ow',In anaerobic digestion, different groups of micro-organisms have
 
different functions and theirApreferred envlronment. Acid-fa-mers enjoy 
an acidic one (pH! 4.to 6) while methane-formers 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 and bicarbonates of ammonium formed during the process.

But when imbalance occurs, group ofone bacteria, u-3uully the acid­
formers, predominates. As a result, the slurry becomes too acidic for 
the methane-formers and methane production declines. This oroblem is 
more commom at the initiation of new plants that have :not been seeded 
with actively fermenting slurry from an 
old one. Gas if formed is
 
foul or incombustible, and the slurry pH drops below 6.5.
 

Fortunately, this situation can 
be easily rectified by the addition
 
of alkali if detected early enough. Lime 
or calcium oxide is the cheapest
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plankiLi ,The ~ id' nhebeI oimtl' nt wth. 

runtutil neutraity. is reached. -.ou'ther Input ,fi subs.,rat shoiu,6 
bewithlQ lni1the: gas'p-oduced becmecombu ,ible'#(Qhis~~a.& 

3everal. days tof a'week. Soda', or. sodiuiubicarbonate canxi aloo bei;1ae.~ 
i-,~ more expensi.ve out. more soluble ti r life. othe ka 

S4od~i hyrxd, potass.ium hydroxide, alid armioni~a are~more, expensivei , 
ild1ess 1xeadily ailbe 	 " ~ 

eedingrevfl~ 	 <10.9 	 S~oflr inocula'tion, with 's3edif'ickutze~s 
UYLsd 	 as ~uch on the 'iature o± 

The ..uostrate as the micofilori. A balance ofth right;grouxs ofW 
bficte -ia i 3 essen-lial for n 'efficient -process., Cattl.e durig iormallyJ~ 
hiao - he right mixture of' rtuen brtceria f'or methane geeai in.~oeey 

es ,eciall:, dur~ing start-up of,' gas plants, -thle proceso canl go awy.A-
Raf~Iet,-u&d new plant should "be seeded .,ih 'slurry, (ab'at 2')-iblu 

±un plant. thiere isalaCp -id~w'1operating -At star'a-pnoriritlly 
")efore qas LS 'Droduced, pH dos In iay and iten ' 

Aprocess StabiJlizes. Without seed'hgg, the' 1ap peri.od bantakeup' toa 

wkdependingF on the temierature. 3utWitn saeeding, t cankberdu c d 
-o one or two days. 
 f 

Mixinq.'i' li'nitedr plug flow reactors especially if'the-slurry, is. 
thick. To decrease the .lag time fo'r fermentatilon of' diaily::£resh input~k 
ican be inoculated with effluent~ f~rom the same no~ft tnj, mixin.in 

pi-,, in other words, the biogas microflora' whichA.4' abundant,,kin,-Theuhe 
"I recycled back 'i't ~ -. (~fuent. Dnelan..: 
azitempta have been n'ade to izoa e lnicro-oraim efIPIt 

'-K 	 biogao produ.ctioh from waste and sewage.. "'Theee cultures can. ,hen b e~j
 
u~~2tsed*for inoculation (C-h. 14).
 

ID.1OlThiltemoerfaure ef fec-t pk"'>''';r 

T mp r t e sv a<':vr important pE-zameter~ afecln4 iAeifo mi 

of ioalpant I e'or 'the 'souther' pan o'f Nonea, diee 
tetaAer d summer_ maximum'jof to, u %vrteniin im otdrpsfromu la 31-

w~~0O~itha concomit~n't decrea&se iLn ai prdcto of 460'o 5Q0,! ! 
Uitrin temperuto irEgions i 'more devastaing.,Vrol'rehd ' 

0,94
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been devised to increase the digester temperature in winters 
these
 
includ& insulation, compostilig, solar heating of plant and influent,
 
erecting of green house, and utilization of external and waste heat
 
(see Ch. 18). 
These methods or their combinations shoukd be adapted
 
too make the best economical nse of local materials and facilities.
 

Experiments in the capital Kathnandu (1324m altitudbe) showed that
 
with oomposting aloneO slurry temperature of dome plant increased by

30C and gas increased by an average of 54% throughout the winter. For 
underground gas plants, composting may work well up t6 an altitude of 
at least 2000 meters. Gas plants above ground are more difficult to
 
insulate but 
can possibly be covered with specially weaved straw mat.
 
Water can be preheated in buckets before mixingl 
its transpar-anc7
 

.ablas radiation to penetrate easily, whereas opaque sliury stops radiation
 
near the surface.
 

Daily ilfluent should be retained in the inlet pit covered with a plastic

ahoet'natil about 2330 p.m. 
 By aberbing the oolar radiation, the slurry
 
temperature in the inlet 
com be increased by as Ruch as 90C an a sunny day and 
4.50C on a cloudy d&y. The pit should be large but shallow, so that the radia­
14Len eam penetrate cost of the slurry. A slurry depth belov 7.5 cr is 
desirable (Vol. II, Ch. 6). 

In areas where geotherral heat souraes are preseat, gas plant can be built 
in their vicinity and water fron hot sprnpg and geysers cam be ohanelled for 
internal heating of digester. 

10.10
 



--

-J I 

Thk g s r . to i , 'hNN' e 

.need~ ~ fo ~~~~N~gttoN 
 io 
- i, 

inhe~~~~~Nn ied o :b' f ,k N 4 N~ ,, v l f. 
Ne s el i-ak n uN pN~t u.31 N'm;0 

'tal cona fix d ,ner-h4ufLeo dvswrsu'yio y' oc 

f'Vnhtinine beor agton ageoz,." 4 's -li toni zlnTf'o- r~lr heE is brea 

--eretw eaof ai'7eton o inv''ove the nstalati~rone 'otypd N 

or"otion,Iterak pa scumetrteofeserainto -be cuu1e~ttheit nxnato suwfacy. 

Nenables r a more unifordm "is-rorntien ofrr
mi d6Oweer-',aLnsrad 

N7c' sL'aie ifnpresrn rehovbe dbetojen afe~nd~ brak is oof sQiI 
nr v t nt o odj Ln l n -,-n o oi - ntos r ' 'b~, r -h w v r 

,oeesttiryN the fect,' mi. of' thec-cz; brse el.rsi wer istaled re A<'z e tOU 

t -ctiocen-!go becase ofb ouide nt
, thrmi et'u±s anu d 

"'heioothelurty of~ene inolett i oni~ un to ox' on'Te,agitation 

N disadvatager thuht i sntrsteu haee nithoh 'g nasxin, 4 n 'iparrIt 

a,' toI :a, dtie and thchanocc 
ofN Nthi 

wel a Paeti.N 'sI'".h­
xemnto inid the,Niet~ 

c~nene~en and~ loer ,f dsp'~~d ett~~'o~~,jd. 

nvete Y~ntl~~~r Vn,'truu~oe't 
" V 

r 



Vol. I Chapter 11
 

TMl, EOON,?l'IS OF 1;IOP',IS 3',ST.A:S 

- with discussion of nalytic techniques 

1. Lau-Wong 



PAGE 

ISUMNiARY 

SET ION 1: ANALYSIS TECHNIQUE 

1.1 Why bouther about economics? 	 3 

1.2 Tochniques for camparing ccato and benefito 	 4 

1.3 	Determination of coo;s anu bonefita in financial a~ulymia 6 

7i.4 	Dotermination of costs and benefits in econcniic analycis 

1.5 S*m1tivlty Analysis
 

SECTION 2: ANLYSIS OF VARIOUS BI0AS 'SYriSms
 

2.1 	Financia. anJysis for a domoatic biogas p.lant 11 

2.2 Fioicia1 anna4,ia of doi stic plnt ,lh cr;-¢cit 1
 

2.) Financial Analysis of income gonoratisg milling cyast 14
 

2.4 	Financial analynin of a itogss ir'igatioc yntc' -a d 17 
its coapriaori with n diesv1 ona 

2.5 	Economic ma.ia~ja of ckemtie hioga* *yitr: 18 

'Tables
 

1.1 Cvpitil eod recurring; coots for a do-eoitic pkt 	 2z 
221.2 	SavinpO ca Faa~l. 

1.3 	Finvnciial twalyais - dconrtic doui ype plnt 23 

1. 4 Hoazures of' the %ortb of domostic bloges plant with 2t 

and withcat credit f£!.r.-nc.nC 

241.5 	Typical Busuoss for Mill 

1.6 	Fuel RrquirLriflent for Biosas System 25 

1.7 	Fuel Requiremmat fox- Diesel System 25 

261.8 	Biogas System - for Hulling and ML.Ling 

1.9 	FxtAacial Aalysis for, Diesel lullin&1'i4iiLing System 29 

I. 10 irrigation requirementa by crop@ 	 ?9 

311.1i Costa for t biogas irrigation systa 

?
1,12 Ingut roquirco ent for rice and vbeat crop 

1.13 Gross pxofit from extrA crop yield 	 32 

1. f4 Comparison of biogas irrigat on uyntemas run on biogae 
3(.or on dissel alove 


bensfits of a domestic
1.15 Econowic Analysis - Costs and 
35biogas system 

Reference
 

http:f�!.r.-nc.nC


The Fconocics oDos ems 

At its present cost, comestic biogas system for cooking and lighting 

is acceptable in places hne,'e fuelwood price is high such as in the
 

capital K!Athmandu ana some tom-s in the Terii. The E.itwa (a town in the 

Tersi) price of 0.6 N7Rs/k is the cut-off point at which the benefit-cost ratio 

is almost i. In the hills where the fuelvood price is lower, with an 

average of 0.36 v Ro/kg, a 41% subsidy is required to bring the same 

returns.
 

Since subsidy comies ultimately from the society itself, it cannot be 

Justified unless the social and economic benefits of biogas outweigh its 

cost to the society. One oft-citea benefit is the conservation ot forests 

by replacing fualw'aoc which, according to a survey Acne by Tribhuvan 

[niversity in 1975, account for 93. of domestic fuel consumption. As
 

explained in the anzLlysi, the cost of deforestation proves extremely 

difficult to quantif ,, . Nevertheless, economic analysis showed that if the 

economic value ywhich may be very different from its markcet price) of 

fuelwooa hits 0.3V NRs/kg, the benefit-cost ratio becomes 1 at a discount 

rate of 15%. In other woros, if the economic value of fuelwood is above 

0.39 N Rs/kg, a subsibized domestic biogaa programe should be considered. 

In our economic analysis, a comparison of biogas system and 

afforestation vlas made. If forest productivity can be maintained above 

?m /ha.yro, which is a target not difficult to achieve, afforestation scheme 

would cost lesa to the society than biogas system. However, in afforestation, 

there is an inovitable lag betvaen the time of investment and the first 

harvest whereas for biogas the effects are immodiate. Since fuelwood shortage 

is imminent, the best strategy for the country is probably to implement both 

programmes along with the development of other renewable sources of energy 

such as hydroelectricity. 

For income generating acti-ities, such as rice hulling and flour milling, 

a biogas system (which supplies fuel for cooking as well) is as 

comptitive as a diesel one, provided th.it the digester temperature 

OL be .:,intained o. above 28"" 'L- ?rice:zc, 



is higher than 0.3 YiR/kg. As the analysis shows, the comparison is
 
eztremely sensitive to fuelwood price and gas production, the latter
 
being strongly dopendont on teoperature. Either" system by itself is
 
financially viable but aensitire to the amount of grain brought in for
 
hulling and milling and how efficient the fuel is used. Therefore before
 

installing a rice and flour mill, it is essential to survey the market 
firet to see if potential business is enough to bring the desired returns. 

As for using biogas for irrigation, the internal rate of return is 
high (above 50S) even without subsidy. Using diesel, tho rate of return 
is higher thrn 5C%). In fact, with only 6%subsidy, a biogas eystemwould 
give the sae net present worth as a diesel one. The subeidy may be worthwhile 
since utilization of biogas reduces reliance of the country on the import of 
diesel thereby saving foreign exoh,-ug. The economics is extremely sensitive 
tc the actual lDnd area irrigated. If water supply is limited, the cropping 
patterns should be adjusted to optimize the use of water and maximize the 

irrigated area. 

In conclusion, the returns are high if biogas is used for income generation 

and irrigation. For domestic purposes such as cooking, an afforestation schea. 
would coat less than a biogaB one. However, if latrines are attached to biogas 
plants for the treatment of human waste, the socio-economic value of biogas plant 
wculd definitely increase. Th'a is actually the practice in China where waste
 

processing is the primary objective and biogas is only a by-rroduct. In Nepal, 
the idea of using gas derived from human waste is repugnant to most people. 
Unless this cultural barrier is overcome, domestic gas plant using cattle 

dung will have very limited practicality. 
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3EMUI'N 1: ANALY.IS TEJ114NI 

1.1 Why bottner about economics?
 

In Third World countries, the devetopment of renewable energy resources
 

such as biouiass, solar and wind energy is now in vogue. Where resources
 
are scarce and funding difficult to come by, analysis tools are
 
indispensable for comparing 
 the worth of thase numerous alternatives so that 

investment can be made wisely. 

An economics study is a vital part in the Ijannin& of a project, not 
its axtermath. Data from the actual implementation of the project Would 
certainly meake the study more precise, but preliminary analysis should 

commence as soon as basic information is acquired. gooa analysis 
i4entifies constraints and risks, points out courses of actions for enhancing 

the chance of success of the project, and above all incicates whther the 
project should be unoertaken at all. It the economics appears prcmising, 

field tests can be devised not only to check technical feasibility, but also 

to collect more social ann economic data in the local situation. As testing 

proceeds, important factors which are initially overlooked can be included J
 

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 decision making. Financial as
 

well as social, oreanisational, administrative, and technical considerations 

serve the basis for decision and gathering of these facts is a time consuming 

but essential process.
 

In project analysis, national planners in particular are interested in 
the total return or benefits to the society as a whole, regardless of who 

confers them or who receives them: The tool applicaole in this case is 

econcmic analysis described in section 1.4. 

Ultimately, the test of the product is its acceptance in the market.
 

Individual and joint investors are most concerned about the financial return& 
in their venture - whather they have made the most lucrative deal and get the 
beat return for their investment. Financial analysis is a tool for determining 
this and it simulates the reasoning or evaluation process of the prospective 

investors. Nonetheless, even if an uncertaking is shown financially sound, the 

attitudes of different income groups in a society towards adopting new 

technology can still be drastically diverse. 
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In developing nations, it has been observed that well-off farmers and 

middle-class income eamers are more open to innovation, wbereas the por 

are more reluctant to risk the little they have, since failure in the 

venture would mean total disaster, Therefore, to choose &xong alternative 

project lor maximsing social and economic return, it is crucial to identify 

and understand the various forces at work in the target group or areas 

1.2 Techniques for comparing costs and benefits* 

An obvious method for determining thether a project would give a desirable 

return on our investmcent is to compare the costs ana benefits. There are 

many analytical techniques for measuring project worth but no one that is beat 

for all cases. Throe common measures of project worth , re listed belows 

1. Benefit-coat r tin 

2. Net present worth
 

3. Internal rate of return.
 

These are discounted measures and to understand how they are used one must
 

first grasp the conkept of "discounting". If we lend our money out to someone,
 

we 	 expect to get interest for the use of that money. Suppose $1000t00 is 

At the end of the year, weborrowed for one year at an interest rate of 10%. 


expect to receive 11OU (=IOL)U x 1.10) from the borrower. Thus $1100 at the end
 

cf one year is equivalent to $1000 at present, i.e. it has a present worth of 

1100/-. If the loan is extended for another year, the amount due at the end of 

the two years is $1210 (1100 X 1.1). Note that ccopoune interest is involved 

since the borrower must pay interest on theasmount ($1100) that would have bnan 

paid at the end of the first year. Our calculation shows that $1210 two years 

from now has a present worth of $1000/-. Similarly, the amount duo for 51000 

x 1.10 x 1.10 a $1610.51 end the presentborrowed for five years is: $i000 x 1.10 

worth of i1610.51 five years in the future is therefore POU0. This method of 

reducing a future amount to its present worth is knows as discounting: the 

10%, is known as the discount rate. The"interest" rate ueed, in this case 

longer the period and the higher the discount rate, the smaller is the presant 

one year, the actual timing ofworth. Since most project lasts for more than 

coats and benefits can make a big difference in their attractivenese. The %My 

to compare projects with aifferent future coat and benefit stcemA (i.e. cost 

number of years) is to discount future benefits andand benefit spreau over a 

costs to their preselt worth. 
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Now let us turn to the definitions of the three weasures of project worth
 

mentioned above.
 

total present worth of benefit stream 
(1) Benefit-coat ratio = 	 , 

total present worth of coat stream
 

the benefit and cost for each year of the life of the project being discounted
 

individually to the beginning of the project and then summed up. If this measure
 

is applied, project wil.. be accepted mien benefit-cost rntio is greater than one.
 

(2) 	 Net present worth = total present worth of benefit stream ­
total present worth of cost stream
 

Project will be accepto when thifc is positive. As in the previous measure, 

acceptance means that the project can recover all investments ana earn a return 

on investments equa to or higher than the discount rate. 

(3) Intrnail rate oi return = the discount rate required to make the 

net present worth zero.
 

A project is considered attractive if the internal rate of return is higher than 

the desired return rate, 	not attractive uor accepted if otherwise.
 

Now the question arises: what should the discount rate be? The discount 

rate is generally taken to be equal to or higher than the local interest rates 

on loans. It varies from place to place and in India and Nepal, a value of 15% 

is reasonable (for further discussion, see World Bank, 1975). 

Once the discount rate is determined, the computation for benefit-cost 

ratio and net present worth is relatively straightforward. The internal rnte of 

return, tLnfortunately, can only be found by trial and error. It in the diecount 

rate that reduces the net present worth to zero &na is always rounded to the 

nearest whole percentage. It may be holpful to the reader at this stago to go 

through the ezample in section 2.1 before Proceeding further. 

When presentec with inexclusive alternative project, they, should be 

ranned according to their internal rate of return. :enefit-cost ratio and net 

present worth are poor indicators of ranm and their use may lead to erroneous 

judgement. 

In selection amou mutually exclusive projects, a project with higher cash 

flow is more attractive than one with low cash flow since implementation of 

both is impossible. In this case, net present worth, being an absolute 

measure, will give the right choice. 
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On the other hsnd, internal rate of return may give the wrong choice since small 

projects may have low not preeunt uorth despite high returns. Benfit-cost 

ratio is likovine unreliable for ohooeing mutually exclusive prjoots. 

Pinally, hou long is the roi ct_ a? This has to be determined boforehand
 
sinoe the analysie has to be csried out over this period. Gunral.ly in an 
agricultural project, project life it taken as the perlod the major capital 

itema ca last. In industrial and mnlufacturing project, obsolecance of tlh­

project can tarinat-a its ,rqSgoqq q earlier. The.refore in analysis, a usual 
practice is to cheroe a pariod comparablo to the conomic life of the project. 

Note espaoially that the disoounting techniques described hem havs already taken 
depreciation into account. At aero internal rate of retAurn or the breakeven
 

point, capital is already recovered as gross benefit equal gross costs.
 

1.3 Determination of costs and benefits 3n financial analysis. 

An analosis undertaken from the perspective of ny party involved in a
 
project - be it the government, a privato agency, the contractor, or 
an
 

individual - is called a financial snalycis. 11c party concernod is interested
 

in knowing the returnis of its contribution. Therefore in do;ng financial analysis
 
for W1_on party, it should be stressed that the costs incurred 
 and benefits 

accrued are the ones for that particuler party.
 

One common mistake seen in economics study of developmant project is tho
 

comparison of costa and benefits "before" and "after" the implementation of the 

project. In fact, the comparison should be "with" and "without" since the 
situations "before" the project and that "without" the project can be quite 

different and give rise to different costs and bonefits. 

Costs are normally easier to identify than benefits. During the preparLtion 

or installation period, costs nay be incurred from services, labour, equipment, 
and supplies. During operation, costs may include labour, mintenance, repair and
 
any forms of input and servicing required. if the project elis~ates come forn of 
J.abourp for instance in the case of biogas which may olitnima-e labour involved 
in collecting fire-wood, the cost of such labour should logically be subtructed
 

from the operation cost (or added to the benefits, which amounts to the aams thing).
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This is also an illust-ation of counting costs "with and "without , the project. 
Another illuetration --- if a project of growing cash crop is initiated on land 

used traditionally for growing food grains, the value of the productioj, forone 
(in this cvse food rtains) should be included as cocts or deducted from tle 

benefits. 

Obviously, taxes and rpayment of loans are part of the costs whereas subsidies 

reduce costs. 

Mhe benef-I's from ui a.,;ricultural projecL cani b. measured from iucreabed
 
output or :.ruduction. The product can be consumed 
 on the farrz or sold, but in
 
either cise i, should be vj-ued at itz market price. Benefits can take 
 the form 
of saving as well. For example, the uso of biogas for cookin,; eliminate& or 
reduces the consumption of other kind6 of fuol such as firewood and kerosane. The 
benet accrued should therefore be the savind on firewood or keroeeno valued at
 
their market crilcc. hi some places in the Terai (Southern piazn of Ne:pal),
 

firewood can be fror jungl,3 Howover price should still be
fther'd the free. a 

aosigned to reflect labour cost incurred in gathering wood. 

Asalv eflue of equipments and other aLoets at te- and of t.neir service or
 
economic Life shoul6 1e estimated and included in the benefit at the right time.
 

1.4 Determination o;' costs and benefits in economic analysis . 

Economic analysis considers the ;9rofltability of a rrojec. to tho whole 
society. In contrast to financial mnalysl.s, it does not worry about income 
distribution and capital ownership; it does nOL matter who actually receives the 

benefits. 

For instance, i nationwide biogaz pro-ramne s tAoreduce tne consumption 
of firewood, tlereby preserving forest and indurl. ,he cascade effects of checking 
soll erosion and lowering of water table, and eventually leadinj: to ircrease in 
productivity of the land. All these effects are benefits to the society and should 
be taken as such in a complete economic analysis. In fiinancial analysis, however, 
these are not usually considered because froT u biobas zl&nt owner's perspective, 
it is actual cash returns that matters, be it in the form of savings or income. 
Even if economic analysis indicates high returiz to tne society, the system will 
not appeal to individual or" commnmity ownership if financial returns are low. 
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Identi&in' costs an _fe t 

Costs and benefits can be identified in the same manner as described in the 

previous section. Therc are a few important exceptions, though. In :'inancia.l 

analysis, mareet prices are always used, whereaE in economic ,.aiysis, "Shadow 

rJices" are 'iod w reflect real social and econoric values for .oods, 6ervices and 

discount rates. 

A-rificial prices of commodities may be a rc ult of zany factors - price 

control, low foreign exchange rate.. in developiig countries t na- unrealistically 

elevate tile purcliasing power of their currencies, insufficient or incorrect 

informatir, ec. The time vulue of the commodity or shadow -rice is one th.t wouid 

exist under "free competition in a free market". In practice, however, estimation 

of ahiaow rize in often open to controversy. Still a few guidelines can be 

offered. Wnere the doiestic market is Protected wo)rld .,-rket pricee. .an b3 used 

instead of domestic 'rices. 

In shadow c .ciii; !bour, it can be considered as tne cost t, the society for 

trannfer'.ig libour from its usual occupation to the project. If labour is short, 

the shadow wge can be taken as the market wage. if a labourer is unemployed 

nothinC iL otiot by the society by transfering him to work in the project and the 

shadow wat; io zero. In moot cases where unskilled labourers are involved, they 

are prdoahly uder-emnloyed already and their shadow wage may range from zero (no 

employment available) to say half of the market wage. Skilled labour can be taken 

at their market price since full employment is likely. 

In economic analysis, all transfer paymen:t such as taxes are not considered 

as costs (o benefits). Subsidies must also be excluded and the price adjusted to 

reflect the true cost. Costs are also incurred from any oxtension services run by 

tne government or development agencies for promotion of the product involved. These 

coots Lny not effect the private investor and can be neglected in financial 

analysis, but they represent additional burden to the society and should be 

considered' in economic analysis. 

Secondaey c, t n_ !2./tfts 

Besides its primary functions, a project rwy have indirect effects on the 

society and the people involved in it. These indirect effects or secondary effects 

are often elusive and difficult to quantify. One illustration is the installation 

of a biogas system for hulling rice. The r&te of hulling by an engine run on a 

bioges-diesel mi.xture is much faster than the traditional method, and uhat used to 

be h rd work for village women is now taken over by machines run by men. 
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The women now have more time for leisure or other income-earnlinfl activities 

'secondary benefits). On the other huuna, hulling may polish the rice to such 

an extent that most of the vitamins and proteins are lost - a nutrition 

problum for the society (secondary cost). 

In developing countries where unemployment and under-employment persist,
 

a new project creates jobs thereby increasin: purchasing power of the people. 

,a they ,pend their income, more jobs are crested and the chain effect of 

employment creation ensues. Dther secondary benefits ar lass obvious. Once 

villagers are involved in development projects, they may be more open to 

they have hnd bed vxperience with the developmentinnovations(tr oppositeif 

priject.). They become "progressive", more willingt u letrn, and will atteapt to 

a~tain a betoter life for themsiolves and for tneir children. The project itself 

aiLy provide opportunities for training of the local people, for better utilization 

of rural resourees, whether material or human. 

Besides reducing consumrtion of ?irewood and I-osuibly deforestation, a 

biogas systm produces t:atny other secondary enefits. omen are released from the 

ti, e - consuming chore of collecting firewood. Cookint Is easier anc cleaner - no 

::ore pollutlnf; fumes from firewood; no more soot covered pot- and pens. 

3ealthwise md time-wise, a biogas syster appears to improve Life for a rural woman. 

If nightgoil is used as feed for the -as plant, there is to rNdditional benefit of 

treating q health hazard, -nd at the some time it is converti to a valuable 

fertilizer.
 

For . project thit involves a community, success can promote cohesiveness and 

further cooperation. Taking part in a develonment project and demonstration of 

the effects can confer prestige and dignity to people, a factor impossible to
 

measure but which nonetheless plays a vital role in motivation, As shown in these 

illustrations, secondary effects are complex and usually defy quantification. 

Hnwever, they represent real costs and benefits, and as far as possible important 

effects should be identified and quantified and treated in economic analysis. In 

financial analysis, their inclusion is not necessary. 

1.5 Sensitivity Analy3is 

one has to makeWhen evaluating a prooosal or a st of proposed options, 

assumptions and predictions. Since all estimates are subject to unceortainity, e 

decision can be made more sensibly if sensitivity analysis is applied.
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Sensitivity analysis is simply making probable changes in estimates of elements 

such as fuel cost, labour, and maintenance to see how moh the meszures of project 

worth are affected. If a certain element can tace on a wide range of values without 

affecting the outcome appreciably, the outcome is regarded as insensitive to 

uncertainties of that particular element. If however even a small change in the 

estimate of an element alters the outcome siniTficantly, the outcome is regarded as 

sensitive to changes of that element. The application of sensitivity analysis is 

demonstrated in the following sections for various biogas systems. 
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SM7TON 2s ANALYSIS OF VARIOUS iJOGia SYSVEMS 

2.1 PnAngial fq ,aalyvsnjga gdOUUt 

So fnr, the most common applio tion of hiogas in IsiJe?:litill 

domestic - for cooking and lighting. Biogao replaces the traditional fuel 

such as firwood for cooking and kerocene for lightingj the savings on these 
fuels are to be counted as 'beinefitn'. 

.Neasurtn, costb is straight-.'ozvard and the breakdown ic Jiven iII table 1,1. 
In me-guring benefits, the moot crucial facto, lies in the availability 

of bloga, tLwouhout the year. The gas replaces its e!uLivalerat of fuel, 
the ?rice of which can b obtained readily from the markpt. 

First, prediction *.ust be made o . the :uintlity of gas available in 
difforont seasons of the year, Based on field data (Lau-Wong,19Wl), the 
following prediction can be made for lower hilly regions below 130.m, 

ADigester tamp, gal 

Sumer, 91 days ,
 

Rest of the year 274 days 2,06
 

using composting oto.
 

Gas aveilable per year a 2.06x274+2.97x91 =834,?m3 (S17)
 

4..on gas is insufficienL in the cooler montis, prefeonce is usually givR 
to cooking. Dased on the caloirific values and efflo~eIi9 of firewoo4, 
,:drosene, and biugas, the benefits on savin,, is estia atsd (Table 1.2). 

In Pnumnertitn the banefit. of biogav, th Va.I.lu of offluo a i'ert.iier 
has often been amphaigad. Howevtv, one mutt r ute that dung hau t va luo 
itself and can be used an fertilizar if not fed We the ga, plant. ATnough 
Lhe form and concentration of nitrogon bauid nutrient for crop) Lrt altored, 
its WtAI quantity' is basically unchanged, Proper field triLaa 8baLr, stifll 

be conducted for comparisonal 'out for the purpoe of this analysis, one can 
ssum, that the o0t of dng an fuel or frtilize.- and the benefit of efflqcnt 
&s fertilizer oanoel each other out. 
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Salvage value is ailmost nil since the plant is basically brickwork underground. 

Compatation
 

aving determined the total coats and benefits, the next step is to choose 

a diaccunt rate: 19ic is normally used for Nepal where the present beni fixed­

deposit Interest rate is around 130%. Given the discount rate, the discount 

factor for each year can be easily obtained from Discounting Tables (Gittenger, 

1973). The present worth of costs and benefits are then computed for oach year
 

by multiplying the cost or benefit of that year by the corresponding discount 

factor. They are then summed up ovar the project life to give the total wortha 

of costs or benefits.
 

Using the Butwal (Terai) firewood price of 0.6 uRs/kg, the benefibcost ratio 

and the net present worth are calculated and shown bolow Table 1.3 To find the 

internal rate of return, trial and errur method must be used. At a rate of 14$, 

the total present worth is 149 NRs, but at 15,% it becomes - 126NRs. Therefore 

the internal rate of return, to the nearest percentage, is 15,6, which happens 

to be the same as the discount rate. Firewood price varies fromo.25 to o.45 

NRs/kg in the hills, with a weighted average of 0.36 NRs/kg(Campbell, 1983). If 

we use this average value, the internal rate of return comes out to be only 3%. 

DISCU SSION 

The market price of firewood vnirics considerably in different locality in 

Nepal and has risen much in the last few years. At a Butwal (Terai) firewood 

price of 0.6 Ns/kg, the benefit -cost ratio is almost 1 and the internal rate 

of i-3turn is 15%. But using the hill average price of 0.36 Rs/kg, the benefit­

cost ratio (0.73) is below 1 and the net present worth is negative, indicating 

that a domestic plant is not worth installing. The internal rate of return is 

only 3%, much 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 

least 1,4% interest. The firewood price of 0.6 NRs/kg seems to be te cut-off 

point; any price falling below this would make a domestic plant unattractive. 

At 0.6 Nis/kF,, firewood is still a cheaper source of fuel than kerosene, 

the former being O.93 NRs/iO kcal (effective) and the latter 1.12 tiRs/1000 kocal 

(effective). In doing financial analysis in difforent locations, therofore, the 

price of the cheapest or most commonly uses fuel should be sought and applied. 

*Ii - 12 ­

http:fromo.25


The discount r-%te chosen should also reflect the local coudition. If it is
 

higher than 15%, the benefit-cost ratio and the net present worth will be 

reduced making the project less attractive. Note that the internal rate of 

return is still the sanies unaffected by the discount rate chosena. 

Besides the trico of fuel, the other sensitive factor affecting the project's
 

benelit is gas av=ailabi.lity. Since temperature-drop in winter can reduce gas 

production drastically (40 to 6"% reduction for R 10 °C drop), the benefits 

correopondinLdy decrease .s well. Care should therefore be taken to get realistic 

estimates of gas production before proceeding with the analysis. 

2.2 Finariciai analysis of domestic plant with creit
 

Since the installation of a self-financed domestic plant is financially
 

the impact o! credit financing on taeunattractive in the 'ills, let us now examine 

analysis.
 

Throu.-h the Agricultural Development lank of Nepal (ADB/N), farmers can take 

if he does that, the financial
loan at !1% interest repayable over 7 years. 


picture actually iooks worse than if he installs it with his oi, money. At the,
 

hill. firewood price of 0o.36 IfRe/kg, the benefit-cost ratio is stil. nelow 'iand 

the net present worth is negative, while the internal rate of return drops belovi 

O The reason for this is obvious: the interest rate is simply too high. Until 

a year ago, the interest rate used to be 6t. If interest free loan is given, the 

benefit cost ratio ia asost 1 "'nd the internal rate of return is 12% (TAbLe 1.4), 

making tne biogas intallation more reasonable. 

case when subsidy is available for hill in tallation. At 41%
Now consider the 

of retrrn 15, thesubsidy, the benefit-cost ratio is I and the internal rate 


cut-off rate.
 

These results are significant for, the formulation of strategJ or biofas 

development aia promotion. Installation and material costs should be reduced or 

Witnout 8ubsidyg the prisentaubsidised (both amounting to the same thing). 


interest rate on loan is too high; interest-free loan would definitely make tbe
 

systew more attractive. However, to get subsidy or low intorest loa frW. the 

first oe convinced of the intrinsic valucgovernment or aonar agencies, tney must 


the society afterAlloof the systeci, since subsidy and loan are expenses to 
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An econoaLc walys.yis will thtrefore be performed in Section 2. 5. 

2.3 ~a 

Diesel xun engine is a popular device for rice hulling ana flour aEllrln for 

small local. entropronsars Adipted engines are available c.::ae:ciaii. iro 

India to tckA,:n fuel :tcxture of biogan and diesel, or Just dio-el iklone. 1f the 

ouner has enough anl:,.rin, he cPn have a biogasntint i,:st el.cd,nid : ,, ve En 

appreciable ruanti.ty of diesel boides having gc for co.king. ;owevr, the high 

capital costs of a biogas plant may mlike this option las, attractive. in -,he 

f£,oilowing analysis, an attempt is made to compnre the financi&.l.Vens;Lr. of 

the t-vo ,l-utLly exclusive alternatives: millini, using a bi sytem or an 

excluasively diov'el systom. 

Let uz conoider the caso of using biogas fron asteel drum plant (nominzal 

ges production: 14 r) for mi.lling. "o : c; a fair idea of vhat a tyciAl ill will 

earn, dat! oa e.penses and income have been co.ected froL; two such 6yotem.- in 

,hel.zu and 'h :h,;J.tger.h, both in the Terai of Nopal. For fear of taxation, oners 

tend to overstate expenaer arid understate iuc.e Direct quotitioning usutlly 

drava farfetched answers, To get moro reliable information, cross chycking and 

indirect questioning from different apcroaiches a.o often needed. 

The -iuanti.ty and type of grain brotugLt 'ko the mill depend on the see~on.
 

Buvine-s for a typical yealr s rhorn in Table 1.M. Te 
gross income for a diesel 

or a biogas/diosol 3y:JtOn iS 18,241) Ns. 

Us3ing dienel P.Jone, the fuel requirement s 0,2 I,/UP, hr ith biogo., dieael 

is still noodod for ignition, but an ,=ch ;0O i 3.aved .,a :'enlaceac by. bioas 

(0.43- ,YWP, h})- a claim made by .... - r i' engine ianufacturer:. lowove:, 

almost -! o-casions we encountered, engine -,orators ne!ver o thent gari valuo.-L 

fully. H--:uremer~tnO at Phaluwe indicated that only about o.o ' I,bioas -a,: used 

por P1 er hour; in other words, thr (, "jJ- w-. run on iO/o biocs T. r r'nonr 

f.,or doing so arc obscure; probably they feel thc.t '.he engine runs better and th(- 'ai 

1ata longer, Any ga:a.. reil:aining can ba used for cooking or ].igting which i:: % 

finarcially sound option for !i lir,;e 1:- :'i s, though not for sto.1 domestic plants 

as previous ,ilyciv Lhowod, 
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The fuel requiroeentE ror both dioaiel n,. , biogasdiesel j,,nteas are shown 

in Tz bleu 1.6 and 1.7. 

agiand for 

gaz fo"r cooking ana 

Lk, bsnefits bobh systeus Rre shown in Tables 1. ain 11.). The 

Oduitiorial beni "It of ,%biot;-az sysLem in the ;vaj"a.OiL of 

lightin 7, espocislly durinC the months of Aughu:t to Outober whon buaiicia is 

slack. 

3avinga on keroseno can bo calculated from Table 1.6. 3ince 1,:j7m gaz (25 0C) 

ii eqiv,lbnt to litre of kerosene (ut 5 NR/H), and 0.26 7m3 gas tU . kg of 

1.1). The saving on kerosene ihflirewo,>d (:.t r).6 NRs/kG) \Table 

,.o6 m/day x 90 days f 1.87 m3/1 x 5 NRa/I 

675 NRs 

The savinL r on fireuood = (3.,.-o+ 90) 1 0.267 x 0.6 

2481 NHS. 

lhierefore, tot,1 savingr on fuel = 6'75+?48I=3156and total benefits for a biogav 

i20 + F?1-O- 2In(UMfl 

VYhIPe !J-tat :Uf a di; ,isel vyn9tom rtimainc to be 18-;Al~a.-

At a dir.eoui,, ov.Y f 1-i", botth bioges and diesel systemis for hulling and milling 
arL a ,bi . h benofit-cont r.tir grraLer then 1 and net present worth 

positive. If th, b-ioi0na oyofeu Is comernity owned, a 50,' subsidy can be obtained 

from the. Atricu.tural LDveloptynt Bfink, Nepal, for tne biogav plant, thus making this 

optic:r morM conzpoitivUo 

Tho fin-c.i rcturun, a. would be expected, aro extremely senlt'iVp to the 

and milling. For Lhe period followingamount. of grain brought in for hulling 


harvest, the m-ll would o. definitely busier than the period bufore hgrvest.,
 

Unless facilitien are erect-,d for sborin-: gri:i, the 	mll owner haa to be content 

incur extr:k costa andwith fluctuntirg tusinensm Sainc storage facilities 

purchasing of u stock of' grain ru.;-cs capital, theno iruves Mnte sire usually only 

made in bigger ,nterprise . 

1I I -\ 	 \:,, 



Before installing -n rice and flour mill, it is therefore essential to survey 

the market first to see if potential business ie enough to bring the desired 

returns. 

How efficiently diesel is used is qnother critical f:.ctor affecting the
 
economics of both systems. The mill operator usually waits 
until several
 
cuotomers have arrived before starting the engine, 
 so that idling time of the
 

onalnie is minittised.
 

Uhen presented with the alternatives of a biogas milling system and a diesel one, 
wlich mere appealing to investors? To make a realisti.c comparLiun, one ;Jast 
realize t -hore are two sensitive factors affecting the returns in the biogas 

system - tho dilv, gas production and the market price of firewood. 
Normlly if thp digeswer temperature car De maintained at 280 with, heat exchanging
 
device, tric4'e zhoulc be enou:;h gas for rice hullin7' and frlur millang with excess
for coo, jn,: as well. lowever, low winter temperature coupled with mismanagement 

of the heat exchanging sistem (such instances have unfortintely occured) can 
reduce gis production t, suh an extent that the :,ill has to be run solely on 

d!etes i for atrt of the ti'-e. 

Tee other sensitive element in the comparison is the merket "rice of firewood. 

In villages, can from 0.25 to 0.45 NRs/kg, withprices vary NRs/kg a weighted 

hil, avurago of 0.36 NRs/'- (Campbell, 1933), while in cities 'the prices are even 
hi her, Usin2 the Butwal price of 0.6 NRs/kg, the inteiul rate of return oi the 

biot.c aillinC' sysceem is the same as that of a diesel system C21,); however the 
biogs system way 'e preferred since the net present worth is 63:0 NR3 more. 
The irice of 0.3 NFL9 /kg fuelwood is the cut-off point when both systems ive tne 
Same net present worth. A wood price above that we 1C make a bio~as milling 

aystm mtore attractive than a diesel one. 

Introduction of subsidy or loan (even aL 11% interest) f'nr biogas would 
definitely make such system more favourable. As long as the firewood price is 

hairh and digese, temperature is favourable, ,a bioas milling system is as good 
as a diesel milling system. In the event of shortfall o!" diesel, a biogas milling 
syaten will be more appropriate, and since diesl ic an import, savingE- on 
foreign exchange on ..mport of diesel will be a benefit to the society. 

11 - Is­



A community biogas 13znt for irrigation hnas Juat been inLtallod in Mdhubaua, 

a Hagar village in the Torai (CH. -I.) Here., water for irrigation has boon n 

continuous proble-m. Despite constructini and joining an addltional well to en 

rate plum oetU from 10 i/s during tlne monsoonexisting well, the water delivery to 

3 i/s in the hot ory season. 

11is sets the liolt for the lnc area that canbe irrigated. To 

determine %is anr the water and pumping reouiremlents, the initial stejp is to 

cnlculate tnu evajotrunspir%Lion losses for eac crop. The clculations are 

oummar.sed in Table 1.10.
 

In the pant when ir ig.. ,.nwar non-uxistent, only one main crop -- paddy 

crop slch as .hept can be grown in winter.-- Aas grown. With irrigation, inothcr 

available (520m3 / day) by thu peak water demand (21. 4mm/day),Dividing the water 

be 3.6 bigha or 2.4 aa. Similarlythe irrigated leand area for paddy comes out to 

for the winter wheat cre,., the arev is 9.j ,a. Note thnt shortage of biogas 

for running the engine would not be a limiting factor for determining irrigad 

land area, since 	 thm villagers will resort to running the engine on diesel alone. 

If the villager 	 are extra careful in the use of water, more land area can 

point it is difficult to predict the water applicationbe irrigated. At this 


efficicncy and a 65%value in ."usumed, 70- being a high value.
 

Ben e fitt
 

Table 1.13 gives tne extra 6ross profit frow the two crops -- paddy and 

that for pnddy extra profit is obtained from the difference of thewheat. Note 


irrigated and rainfed crop.
 

The villgers plan to use any exeesr biogaz; for liihtin ten lamps. The 

uavings on Xerosene per day for the two :rowing seasons are given in Table 1.10. 

For the rest of the year, gas is sufficient for lighting 10 lamps 7 hours daily. 

Anually, this is ecuivalent to 49b8 !P!s when expressed in terus of savings on 

kerosene.
 

Disc nu On of results 

A biogas irrigation system yields high benefit-coot ratio of 1.43 and an 

greater than 50' at 50V subsidy. Even without subsicy, tneinternal rate of return 

internal rate of return is greater than50%, indicating that installation of the 
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system is worthwhile. An irrigation system run on diesel was analyed in the same 
manner. The xvsulta are summarised in Trible 1.14. 

Without subsidy, biogas systemhich gives the additional benefit of lighting 
appears less attractive then a diesol system since it has a loeer net present 
worth. 
With 50% subsidy, however, the picture for biogas looks much brighter. In
 
fact, with only 6% subsidy a biogas system would give the same net present worth
 
as a diesel system. The subsidy may very 
well worth it since utilization of biogas 
reduces reliance of the country on the iuport of diesel. 

Now that both systems are shown to be acceptable,a loan borrowed for financing 
the cost!: -,uld only mae them more attrctive to investors, even at 11% interest
 
(over a perlod 
of 7 yeErs) which is the current rate for agricultural loans. 

Since most of the profit come from the wheat crop. The analysis is sensitive 
to the yield of wheLt. A yield of 2 t/ha Instead of 2.5 t/ha would bring the
 
internal rtew of return of a 
biogas system down from over 501 if no subsidy is given, 
while that for a diesel system still remains above 50%. The economics is extremely
 
sensitive to the actual area irrigated 
as well. The cropping pattern should
 
therefore be adjusted to optimize the 
use of water. 

&'*.f2..analyai~5 i fdmstc ige yt 

As previous analysis indicates, a domostic bious system for cooking and 
lighting is financially unattractive in the hills unless subsidised. Since resources 
for subsidy are derived ultimately from the society itself, the oooio-economic
 
benefits 
 should be weighed against thecosts of the system in an econmic analysis. 

Costs are identified as in the case for financial analysis exceptwhen shadow 
prices are used (Table 1.11). 

Qjantification of the socio-economic benefits, on the other band, is extremely 
difficult if not impossible. The most obvious benefit often quoted in literat we 
is the prevention of deforostation. Dit to what extent? Theoretically, the 
benefit would be equivalent to the economic value o tue amount of firewood a 
bogas system can save. Thic value is probably reflected in the of 
to the society ab shown below. So far the danae done by deforestation has not 
been successfully quantified in monetary terms. 
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1) Lo f Lo. p 

Land erosion, a serious problem in Nepal, normally takes the form of top soil 
and nutrient less; sometimes whole chunkE of land are removed. It is the
 
consequene 
 of natural as well as human causes; deforestation caused by Inexorable 
demands for fodder and fuelwood is only but one of' the culpritn. Unrestrained 
defoliation by the high livestock populution, overgrazing oi pastures, chopping;
 
troees for fuelwood, land 
clearaice for cultivation, human sett.emant or ruadr are
 
all damaging forces working together, accentuating the problem. Since 
 these
 
causative factors of soil erosion are 
neither independent no" additive, it is impossible 
to isolate the portion contributod by deforestation through exceesive cutting of 
fuelwood even though a value can be assibned to tie loss nf .Cad or nutrient.
 
Moreover, the effect oF deforestptao ic not only erosion; 
 loss of forest cover can
 
affect rainfall and lower the water table 
 as well. Mus, it infeasible to quantify 
the cost of deforestation from lluolvood cutting as 1o of to:, soil. 

2) Decreazse in land productivity 

Another approach iz to ecuate the cort w,th decrease in crop yield caused by

depletion of nutrientu and to; soil 
(Steven, n.d.). Over the last 20 years Nepal has 
been suffering a decline i:n crop production. (Ari. 3tat. Di.). ;jince o'.il
 
erosion caused by deforestation induces damages other than 
declining cro yield, and 
the latter is a result of not only erosion but other factors such an lack oV 
agricultural inputs, this approach will fail to .ive a reliable estimate of thu cost
 
of deforestation.
 

3) Market price 

The market price of firewood which has soared in the last decade varieb with 
local' ty. The price probably reflects well the anddemand supply of that .rea but 
is far from representing the true cost of deforestation. 
 If forest -'s accessible,
 
the price if any, will be unrealistically low.
 

4) Cost of afforestation
 

What value should then be asuigned to fuelwood? jince the cost of deforestation
 
to the society is beyond qunntification, -, different approach is to assigm value 
based on the cost for . 
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Studies revealed a decline in forest area from 6.4 million ha in 1964 to 4.1 
mha in 1%0. Later estimate shoued a reduction of more then 700,000 h between 1975 
and 1980, an average loss of 14,000 ha forest :nnuelly (National Planning
 
Comnisnion). Targets have been set 
in the Sixth Plean (1980/$1-5/36/) to afforest 
8 total of 71,427 ha, which comprises both new .nt.tir. -nd -.rotected forests. 
The investment on new forests is U$360 or 504ONRn per hactare (1-ian Dev. Bank, 

1932).
 

Now betweon the 1time of investmeiL and the fir,:'. hozvent of fuelvood, there
 
is obviously n time lag depending on 
 the species of true p!:,nted and the climate. 
if the lag time is token t: be 5 years ltd discount rate 15Z, the worth G1 the
 
investment 
at the L tyesr of harvest would be i.i15 5x investmer.t = 2 x 5040 N ni/na 
- 10080 NRs/ha. 3ince from the first year onwarz- tire ,ill be harvest of wood
 
£v erZ year, ti value of 10080flfls/ha is equivalent to tn installmen-t of 152I
 
Nkslha (I0080 - 6.67) every year frorwthe first y'ear to infinity. The dividing
 
f.'ctor 6.67 is actually the compound interest factor at 15? (the 
discount rate used 
here) and can be readily obtained from Compound Interest Tables (ittenger, 1973). 
Given the -nnual productivity of the forest, the afforestatiorn oost per kg of
 
fuelwood 
 can then be determined. A conservative annual yield of 5m3 (2750kg)/ha 
leads to a cost of 0.55NRs/k- iialwood (1511- 2750), andttdowestie plant seving
 
2380kg fuelwood (je Sec. 11.3) will accrue a benefit of 1309NRs 
 per year. 

If an annual yield of 1om3 fuolwood/ha is attained, the benefit accrued will be 
65) Nkm pdr year. 

Other *jiq b 

The secondary benefits of a biogas system are describad in Oecl.4. From data 
in 'Me 3tatus of Womenin Nepal', man and wonen in a household share the worklond 
for fuel collection, both spending about equal time of 1/2 hr daily. Wowen do most 
of the cooking and dish-cloaning, 1 to 1 1/2 hr daily. In this ,nalyoic,£ ' is 
assumed thet 1 hr is saved from the elimination of wood collection and I/2 hr for 
cooking whon biogas is used. 

Another secondary Lenefit is the elillination of smoke pollution from wooa 
stoves. Although women do alist Pll the ccoking anr are more prone to sye and 
lung irritationr, the exoenses in health care d- not necessarily run hicher since 
these problems are usuall'. left unattended.
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Thei. vitality might be decreaaod, though, with lesf; vork outrut, but th!if Pgain is 

hard to ,ioasuro. Smoke frota burning firewood, on tiie other hand, has been reportx. 

t'h~vc some value afterall -- it keot out itisecto th:,t ,nawcd into Wo wooden 

beams of ceilings. However, an attempt iq made here to include the more significant 

entities (Table 1.11). 

In the above analysis, the benefits of a biou: plint in termos of zavings on 
firewood is measured by means of the coot of afforestation to the society. With an 

annual Iroducti rity :f 1Om3/ha for afforeeted land, the benefit-cout A,t'.o i below 

-ijie rt-to 9%. iroductiviuj, say1 and internal of return only ut with -. lower 

5m /ha, these vaulueo jump to 1,19 and 23, respectively. 'hbir bit diffmereice showo 

how sensitive Lie outcome ia to the actun productivity of forest land. In fvct, 

an annual yield of 7m3 /ha will brin& the co,t mf firewood to 0.39 hs/k uuid the 
benefit-coot rntRc to 1. .hose results have i::-ortant implic!,tionv. If forest 
productiLvity ci.l be maintained above 7m/hr, 'A-ich i:;) Larret nol. dift'iuult to 
achieve, &fforestatiLn scheo would cost loss to tho society t1han bioa: systems. 

The benefit from afforestation will be even grettar if thu la., period can be 
4decreased by -lantin- fi,3t-growing species. owever, one Lust be:,r in 7,.;nd th,!L 

this analysis for 0.oz;..s i;ncs the cost of aftorest. tion and not 141e truc cob, of 
deforest,tion i.self, w'Uch caun be tremandous if'dn,:-,es caused by landslides and 
f]P3iE (not only in Nve-:l, but o.luo in India and Bargladesh) are included. If that is 
the case, domestic biogna ayteoms may veri well have high enough vocio-ocononc 

rc Lurno; to 6uarantee its place in the develop-ent of reneweable resources. 

It should be :ointod out thct in afforestation ther i cn incvi U,.L!,! Itg
 
beLvewithe tine of i'weeztmjnt an tho beginnin, of harve-t, whereas for z:o-LL hc
 

effects are immediate. robably the best strategy is to implement both :program-:,es 

simultwieousJl. )rovieed thmt resources are evailab]e. llorotinally, the, livestock 
poulatim-n in e:ai can provide erioui-h feedsLock for one smal! doaestic plant per 

household. The distrit;ution of Rn.mals unfortunately does not per:t that. If 
however, gas p!lnti are installed for fwailies that n6ssess enough enimals, there 
will be less comietition for firewood viLh the loss well-off villagers, and 

depleted forest in the locality will recover more rapidly. 
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Table 1.1: 	CataLjad recurrin , coSP fr a_ i t 

(dome type CP 10) 

Plant installation plus accezsories 	 10,46 

Labour for 	operation (1/2 hour/day at 1 NH/hr) 1*3
 

- hauLing water, mixing slurry, etc. 

Repair anc maintenance (2 gas taps or jas 

valves and parts for lamps) * 1 150
 

Compost or straw insulation for winter, 

plus plastic for passive solar heating 

of effluent 101) 
Total 433
 

No te:*1 Tho 	government minimum wae is now 10. 40 IRs/day or 1.30 Ns/hr, 

since plant owner may be operating plant himself or use existing help,
 
no extrh labour will be hired and financially will cost him loes.
 

M2 	 In the first year after installation, Gobar Gan Gomrw)- provides 

full guarantee, therefore repair and maintenance shoula be excluded 

froi-j the first yer's costs. 

Table 1.2: 	 SAvn:s on Fue 

(A) (B) (c) (D) 
Fuel alorific value Efficiency ')intity of Efficiont k.cal/yr. 

Biogas 4628.6 kcal/m 3 52' ?11.03(2500) 2,1'92,901 

(54, , CH) (250C) 
Firewood 4300 kcal/kg 15' 2380 kg K1 1,535,031 (70'. of biogas) 
Kerosene 9000 kcal/i 50% 146 i 1 657,870 (3U0 of biogas) 

1.87m3 gas 	(250C) = 1 litre kerosene 

0.27m3 gas 	(250C) = kg firewool
 

kO) = (D)/(A)x(B), assuming 70Z of the gas replaced wood for cooking and 30,1
 
replaced kerosene for lighting.
 
Price of kerosene is 5NIRs/1, savings/yr = I6 x 5 = 730 Nis 
Price of firewood: 0.64sR/kg (aitwal), savings = 23-'0 x 0.6 = I1,28IR-c. 

O0 36NRs/kg (hill), 3avini = 2330 x 0.36 = 85rils. 
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(in Conaant 1983 NRA) 

Yer Tot resent discount Total 
Goat ]Worth faotor Bno-

5 (dt.f for fit 

15% 


1983 10,529 9,160 .870 2,158 

84 33 .756 2,158 
854 3 -.658 2-5 
8 4 aum. 2,158s9 .57 

1"7 

87 433 *,497 2,158 

88 43) a432 ,1,58 

89 433 ,37b 4158 

90 433 o327 2,15r 

91 433 284 158 
92 433 .247 ,158 

T AL 10,957 5.019 10,831 

preeont Incr-
worth ment 

15% bone-

fit or 
Cash 

j -3371 

172 

1725
 

1725 
Ii 

Sm=10831 1725 


17-125
 

17251
 

1725
 

1725
 
17 _5 

Present Pro.nt 
worth d.f. worth d.f. 

14% 1471 15% 15e 

-7341 O.ST(L728 3 0.870' AKI5b
 
alad- In m=1 

I 41490 4.342!7157 14") 

+149 5.219 -126 5.019 

kehftit-Oost kratio at 15% a 109831/12,284 0.99 

Hot pro t, or'h at 151 - 10031 - iO,957m -126 Nro 

Int4La~&1 rata of rotu in 15­



Table 1.4 o o bo. ______tho 

crenittnen 

KLnanoing tefit-cost retio net present internal rate of returA,% 

(A) Firewood price = 

without credit 

loan 11% 7 year 
(B) Firewood price = 

without credit 

lorn 11% 7 year 

interu!t-free. loun 

aubsidy 41% 

0.6 NRt/kg (Butwal) 

0.99 -126 

0.98 -256 
0.36 N P.!kg (hill averase) 

0.73 -2992 

0.72 -3121 

0.98 -168 

1 0 

15 

11 

3 

below 0 

12 

15 

No. of No. .f hrs. AX Gros incowe 
Month Months engine run Rice. muri Wbeat. per period, 

per day 

pathi 4,. 

Noir-V,-r 5 4 15 10,200 

Apr -Jul 12 10 6,960 
AuG -Oct 3 18 10 1, 

Note: (1)	1 muid paddy is about 50 kg. Halling charge is 

4 NRs/muri and maximum hulling rate ia 6 miri/br. 

(2) 1 pathi wheat is e.oout 3.2 kg. Milling charge 
is I NR/ pathL and maximum milling rito is 

12 peathi/hr. 
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Diesel Required Gas Re- 221.IgL.To 

Mont _ J quired Cooking Ii<hting R1o Korosew 

per day per per day m3/day m3/day wood 
3
period m	 hg li tre 

Nov - Har 2.24 336.0 8.8 - -

Apr - Jul 2.24 269.0 8.8 3.2 - IU -

Aug- Oct 0.56 50.3 2.2 8.0 2., 30 1.5 

~~atr,.5 flfla1) 

Note: 	 The engine runs oh 40% diosol and 60 hiogas. 

For a 7 H.P. ongine the di~eel requirement is 

0,4 x 	0.2x7 0.5ba litre.hr. 

Month ripaLt quired. tre 

-- .no o dav . ... per e~Ljod 

November - March 5.6 840 

April -. July 5.6 672 
Au-ti - Oc0xtobe.r 1,A . . . ./2_ __ 

TO tal 16.3 

(fr 901 0 HEt /1) 
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Ca ital otRs 

Plant Installation plus accessories 

(dome type '500 cft') 37,515 

7 H.P. dual fuel engine (Kirloskar) 10,500 
Rice Biller plus accessories No. 6) 2,500 

Flour mill Plus acceoories 16 " 2,500 
Peat exchanging device plus accessories and pump I 500 

Total 54,515 

Annual Recurr.n gCotk 

Labour for plant operation (1 hr at 1 NRs/hr.) 

mixing slurry etc. 365 
Labour for operating angine, huller and mill 

(350 Nil/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 NRs for plant and 

heat exchanger)
 

Diesel 
 3,604
 
Mobil oil (2V/month at 28 NR/1)
 

10,391
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(in constant 1983 NRs) 

Year 

198. 

1984 

1985 

1986 

1.,.7 

19,8 

1989 

1990 

1991 
19'?2 

Total 

Cost 

6.4,756' 
10,391 

10,391 

10,391 

10,391 

10,391 

10,391 

10,391 

10,391 
10,3)1 

Fresent4 Total 

Worth Benefit 

15% 

56,338 21,396 

21,396 

21,396 

21,396 

Slim 21,396 

43,112 21,396 

21,396 

21,396 

21,396 
21,396 

1,000 

Iselvage) 

Present hcre-

Worth ment 

15% Benofit 

-43,360 

11,005 

11,005 

11,005 

Sum- 11,005 

107,387 11,005 

11,005 

11,005N, 11,0051 
11,005 

247 1,000 

Present 

20% 

-42,735 

S~fl = 

43,876 

227 

Worth 

21% 

-42,42B 

Sum = 

41,863 

20. 

Total 99,450 107,634 1,009 -154 

Note: Maintenance and repair for gas pla-nt (o3timated 150 Nhj) 

covered by init.alling compmV,for the first year. 

Benefit cost ratio at 15% = 1.08 

Net present worth at 15% = 8184 Nfl 

Internalyate of return w 21% 
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(In oonstant 1?83 fls) 

7 HP. diesel engine 
10,500


blce fhller plus accossories 2,500 
P.jur mill plus accessorieu _2 -


Total 15500 

Latour for operating engine, huller,end mill 3,500
 
MaintenancA an3 repair 
 2,000Diesel 


9; 010
 

Mobil oil (2 1/=nth at 20 Ns/I) 

1T0tal 15,!G2 

Year, To tal 'resont Total Present Incre- Present Worth
 
Cost Worth U.tnefit Worth 
 nnt 
15% 
 15% Benefit 
 21% 22% 

19)83 3(.,l':) 26t693 113,240 '-1199'Q -9895 -9,82.31984 15,182 1 11v240 3,0O5,43.A I ,240 
19 15,1,. 18,;2 01985 15,132 A. 18,40 

1986 15, 1 12 18,240 
1987 15,1P2 3um 18,240 Sum = Sum S-3u 
19 c 1 ,1'? 62,'190 18P240 91,5,7 9, 867 9,492 
1989 15,16-2 18,240 
1990 15,182 18,21,O 
1991 15,182 18,210 
1992 15, 2 18 0,2O NY 

Total 69,683 94,805 121 194 
enefit ct ratio at 15%= 1.02 

-Not present vorth at 15% = 1,864 Nlis 

Internol rate of return 21% 
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Tablel.1O Ir:icuirements bycrqopW 

lice JGro'ing bseaaon gro ing seavon 
ItI1 1, vj 'I 

on6h10 11 12 1 

Go-officji.nt of transpiration, k 

% 'cfdaily day-t-imas hour of year 

total, P 

Average tamperat~Are, OC231.8 

1,1 

0.31 

2) 

ill 

-.32 

_91 

433 

, 

1.07 

O3il 

2QO, 

4251 

10 

-ZOj 

20421 

353 

0.95 

.2 

218 

.28 .5 i.111.1 

5' .2-/~ 21.2 4 

16 3t~ 

2 

.25 

.25 

19 

CILCULA'~0tiS IOR fGROSSIRRIGATION )IATEP fEQUIM 

-1) vapotrwnspirttion, E>',mm/ monthj 2311 " 

T (GI) 

226 12-1.92 1 -68 A1,4 

1 
664 11-123118 12 30 

-

2) Percol-ction Ioaa (7am/ day) mm/month 

3) Effective rainfall mo 
Net irrigation N!i),= 

210 

23 

210 

360 

210 

345. 

210 210 

140 

-! . 

-00 I 1 

(1),(2)+(3), ionth 

Gross irri'gaticn month 
(I -:, efficiency) mm/day 

418 

643 
21.4 

76 

117 
3.9 

77 

11 

3.9 

203 

31Z 

0.4 

233 

358 

11.9 

26 

401 

1.31 

64 

7i 

3 3 

118 121 

182 186 

6.1 6.2 

1 

i 

18. 

28; 

0 9; 

3ater. 523 104 104: 260 29'6 135; 327 596 605 961 

pu,mpng tinelld hru 5 

Biogas Prodtuction/dny, m2 -Pumping wIth bieas/diesel, hr 

11.2 
14.514.9 

-.2. 
151 .5 

2 2 
15-

.6 
14-55. 

6.3 
1-'.56. 

2.91 
8.5.2. 

7.0 12.7 12,9 
3.5, 6.5 1 .54.0 . 

2.11 
8.S0 

Biogss ~~ ~ Purlinr with diee alone, hr 

Diesel required 1/d-y-' 

Lighting (Gol,:2/]ight j.) 1igh- dy 
Re.1l-cememnt of kerosene for-ligtn. 

~ 
4t3 

6 

-

~ 
-

0.55 
70 

~ 

0.55 

70 

~ 

1 

9 

~ 

. 6 

9 

'r 

2 1n~cs;n/ay,22:? 4.0 h04.0J 
2---

73 ( 9.7 )99 

''.,*' -2.2' 

4.1 

0.53 
2 
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1.* 	 for wheat half-month, for rice 10 days including water for land 

preparation and nursery,
 

2, 	 Climatc date for Janwakpur (Sharma, 1974) 

3. 	 Dlaney Criddle method = E = Itx p (0.46 T+8) x30 	mm/onth; T in c 

4. 	 Water pkimping requirezmnt/day = irrigated ama (ha) x GI 	 (mrm/day) x1Or3 

pun 	 10m- for village consumption. irrigated area io 2.4 ha for rice and 
9.6 	h. for whbat. 

5. 	 fPupin g capacity of 13 I/s or 46.8m3 /hr
 
A(mpint ! 
 i)e/dy = water pumped/day + 46.8 

6. 	 In the Tera, diestor temperature in the summer can reach 300C and in 
winter, t;ith insulation0 and solar heating of influent, a tiAmperaturo of 

25 C is attainable (since gas plant is a long distance from the engine,
host exchangin is impossible). With 300 kg gobar and retention time of 
714days, the cor..esponding gas produclons are 8.5m 5 end 145m, 

'jO ~With the engine coneum~ing 0.42m3 biogns/iHP, hr, ma:xmum puwpJng with biogas 
ic feasible for (gas prcduction/0.4Px5) hour per day. 

8. 	 r:PX cngine rumding on bogas/ diesel mixture requires 0.25 1 diesel/hr and 
on diesel alone raquires 1 1/hr. 
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Tcjlo 1:11: Costatar abioi 

Gas Plant: 

Installation of plant plus appliances 

(incluzing 2 lights) 

8 lighto (350 NRH/ light) 

Piping for lights (200a at 18 l!Rs/m) 

NRS 

With subsidy 
*1 

18,758 

1e400 

1,80 

Without 
subsidy 

37,515 

2,800 

3,600 

Irrigation syntem: 

5 H.P. engine plus pump 

hgine house 

ater tarkc 

set 10,500 
5 pO0 0 

800 

38,258 60,215 

Maintenanco for engine and plant: inatallation 

etc. 

Diesel (183 1 for rice, 727 J-for vhevtt 

at 5.5NRS/1) 

Mobil oil (2 1/.month at 28 NR9/1) 

Labour for irrigation (60 hr for rico, 1053 hr for 

wheat; 2 persone at INf/zma-ke) 

Labour for gas plant operations 

(1 hr/day at 1 NRs/hr) 

-Seed 

Chemical ferti2.zer 

Extara labour for paddy and wheat crop 
(Table 11.13) 

2,000 

5,005 

672 

3,308 

548 

1,766 

8,707 

6,763 

TOTAL 2',774 

Note: 

x 50%subsidy, except for farmers' labour and irrigation system 
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Table 1.17: JA .	 and whea. cro 

Seed 	 requirement Fertilizer requirenenI 'rrgated crop 

bour Extra 	labour 

kg/ha NRS/kg 	 NRS/crop NRS/ha NRS/crop NRS/hzi NR/cro,) 
paddyxl 	 50 
 2.00 240 572 1373 950 240*3
 
Cleat.Kl 	 .50 3.18 1 764 160 - 8O 

1,766 8707 6768 

Note :
 

x1 = Irrigated paddy, 2.4 ha
 

irrigated wheat, 9.6 ha
 

=.x2 	 Source.Shibata San, 1980 
= %3 	 Extra labour required for paddy crop/ha
 

= labour for irrigated crop (950NRs/ha) - labour for rainfed crop
 

(850 	NR/ha) 

Table 1.13: .GrsProfit flom extra cron yield
 
Yield t/ha Price 
 Irrigated area Gross Profit 

Irrigated rainfed NRS/kg hs NiS/crop 

addy 5.0 2.0 1.50 2.4 3,600 
Wheat 2.5 - 1.80 9.6 43,200
 

46,800
 

Table 1.14: 	 99jriLson of bioras irrl&tat.lov. vsets run,on 

bioguae or on diela de 

Sysat M 	 Benefit-cost ratio Net present worth Inteimal rate of 
at 15: discount rate NRs re-urn, % 

Biogas 

No subsidy 1.28 51,441 50
 
O ' 1.43 70,543 50
 

Vt. 1.34 	 53,370 50
 

A-p 

http:Cleat.Kl


Table 1,15: Economic Analysis - Costs and benefits of a 

Plant installation plus appliances 

(including extension done by installing agency) 

Materials centributed by farmer (brick and sand) 

Labour cautributed by farmer (shadow price, 

taken as half the unskilled labour wage) 

Thtal 

10,246 

805 

.w 

11,411 

Labour for operating plant (half the minimum 

wage: 0.5 hr/day x 365 x 1.30 MRs/hr x 0.5=119) 

Repai.r & maintenance 

Copost/inoulation for winter etc, 

Total 

119 

150 

100 

369 

Savings on labour - fuel collection, 

1 hr/day at 0.65 Re/hr 

- cookingand dish olening 

j hour/day at 0.65 P./hr 

Kerosene 146 1 (5 Rs/i, the market price ic 

used since it is not aubsidized) 

Firewood-afforestation estimate, yiold 5lha 

7m3 /ha 

10m3/ha 

238 

119 

730 

Wt.Of 

wood 
1,309 2750 

932 3850 

655 5500 

cos 

(lsl/kl) 
0.55 

0.39 

0.27 

Afforeetation yield, m /ha 5 7 16 

Bonefit-cost ratio at 15% 
Net preasnnt worth at 15% 

Internal rata of return,% 

1.19 

1894 

23 

1 
1 

15 

0.86 

-1389 

9 
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A. BalmerA PRACTICAL GUIDE TO COMMUNITY BIOGAS
Chapter 12. 


The thrust for establishing community biogas plants has been to make 

biogas technology available to lower income groups of people. At present 

only the top 10% to 20% of farmers in Nepal. have the resources to
 

install a family sized plant for themselves. The ideal is that poorer
 

people coming together will be able to match in money and livestock
 

what the rlch can provide on their own. 

The application of this ideal has to be grounded in the reality of each
 

situation and success depends on giving due weight and study to the
 

words: "poor people coming together".
 

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 needs of the
 

people for whom it i! intended, at a level at which they are able to
 

understand and cope with.
 

We should be realistic: people 'ant to go their own way, but they may
 

be willing 'towork together for one activity, if they profit from it.
 

There have been few examples of successful community biogas projects.
 

There may have been a lack of realism about the part self-interest plays
 

in the lives of the poor. As an economic group, they have no greater
 

willingnese to cooperate than any other. Thoir willingness to take part
 

in collective action, as cpposed to the self-mufficient lifo-styles of
 

the rich, is not based on any ideals, but on their proven experience
 

that they can benefit by working together. So biogac technology must be
 

presented in such a way that the people as individuals will benefit from
 

the project individually, if they cooperate in it.
 

Community
 

A "community blogaa project" is defined, for the purposes of this
 

discussion, as 'a cluster of individuals, whether urban or rural, who
 

share in part omership of a biogas installation".
 

There is a distinction between "group ownerhip", involving a self­

selecting group of 4 to 10 people, and "vii.leg ownerahip't, which implies
 

that all the eople in a village or local neighbourhood are involved (up 

to 100 people,. In practice, group ownership seems to be more successful,
 
but this discussion includes both patterns.
 

Questions Before a Plant is Planned
 

Why is our organiaatiuon involved in a coinnunity biogas project? 

The motives of the implementing organiseation and members must be 

considered. Is community biogas part of a large programme? When rural 

deve.l.opment is "in fashion", community projects axe often used to 

justify less fashionable work. Outside presprur.s from funding organis­
ations, a desire for prestige or political advantage or the need to 

spend grant money before the end of the financial year, all can distort 

an otherwise well planned programme.
 

in order to help ourselvesAre we setting up a commumity biogas programme 
or in order to help the people of the community?
 

Failures in community biogas projects often lie with the implementors,
 

not the community or the technology. It is important to understand the
 
llcw them to distort
 pressures under which we are operating and not to 

our planning and impl¢ientation. 

Are we willing to commit ourselves to the people of the community?
 



If we are involved in setting up a community :ioga3 projeo'c-, we must
 
find the right community witn which to work. ::hi 
 is a job hat the
 
implementors must do themselves. 
 We rauot stay in the commruiily !.r 
several nights, eat their food and accept their nospitalit. If we .re
foreigners of a different culture -o the villagers, fro. a d-ifferent 
nation or tribe or caste, we must be prepaxed to oecome famillar with,
and accept, the social and cultural traditions of Gne comimunity in which 
we are to work. Via must understand wna: the people are Fjayin6, ;neir 
way of expressing themselves.
 

There is no aubstitute for time spenc with pecpic, teein the -iform­6

ally, getting to know them, so that we 
cease to be "The Expert" from
 
outside, but are seen as jiomeone who cares and l.3tens.
 

How will the P:-Dject. be ?inaxJcedy
 
Poor communities do not have the capi.i'2.. 
 to :-Ly y biun.'
:or a oga,9
 
plant. Therefore another organisation (not necessarily the. implementors) 
must provide capital, as a loan, a direct subsidy or a nixture of thetwo.
 

The people of the community must have a financial commitment to the 
project. They must provide input to the construction of the plant, such 
as free labour for the digging; of TheyP:i take ofri. fihould par' the 

osta as a loan, so they have t Otake i: the successful operation oC toe 
system.
 

A careful e:conomic analysni- .t. oc made of the project. In Nepa-l, we
 
recognise tnat iecnnciy o partially subsid'sed to be
biogas .nut 

financially feasible. The lvfi f thi loan component depends oh. the
 
ability of the people 
to pay oac:< the loan, and this must be assessed.
 
The project itself should g;euerate an income that is sufficient to pay

back the loan and alr-o to give the people a useful profit.
 

Whatever approach it. followed, it is vtal thaz the decisions are wade
 
before meeting the p. ople of the community. I- w 11 be one of t)he fir2t
 
,ptations that the prople will ask, and they need a simple and -irect
 
axswer (in writing if necessary). Misunderstandings must be avoided,
 
such as reactions of "Oh, but we Tnought ..... " and nBut, when you

first came, you said ...... A, in the fuciire.
 

Who will provide he capiti finance, for botn loans and subsia.,? 

Pt is better fcr ,tme implementors not to be responsible± 'or pro,'idion

finance, especialy :an f4.nance. lationel Agricultural Cred.L; -cnefreb
 
have -,lenty of expe 
 lence ,,ith giving loans and collectng repaym,-:itv 

.-andit good Lo give the reroponsibility o them. Our er..-rgies shcul.
be directed into autldina , system that works and for -v:zich the peoplea 
are happy .c pa,'o 

how . . Techn-ical Follow-up be Providcd? 
A suu6IIgJi 'n, cblsary expertise, deac4,rs, materialt, and trz Ii cAtt ne 

faci].tjlee are aval Ie : build the p.-.ant, provision t,,no'ud a_ so 
Ux 
made ,.'llow.- : .a,..aln the plant,. onc . has be-. ult. 
If techiicaj.Cal >i." sool', vi1o urovides, and payv for, .'epair? 
In :iopai, a pr ,louu programme involvou te LuidIng of > communlty
plants,. yoar' tl iz-plementatiori, ourvay done IJ..Ce:- tIe a was (Bu]I'ier
whi±: *nowe1 trat or, cif the major cau ,ls of .ailure was nacequate
mal.ntenace prov'ieic:.. A community plant is irore vulnerable than a 
farnil.2' plnt, as no *c person is reeponoible for repair work. In tnl 
abrve ca,,3eS, i4g1'ts , (:ooking stoves were oroien and the usero tri-. 

'' t-e, repairec, cut the. implement,ors o' the projeot were, unable 
io Ove ae a e a sort time th users lootperatistinth yeem a-, it stopped operating. 



Do we know of previous attempts to set up community biogas projects
 
in or near our area?
 

We need to learn from other people's successes and failures; they &re
 
less expenaive to us than our own. We should visit other community bio­
gas plants, talk to the users and the implementore and read any reports 
they may have written. We may even need to make our own assessment and 
report on their work. Learning from others will warn us of any pitfalls
 
to avoid and stop us making the same mistakes. It way even give us 
ideas that we had not thought of.o
 

How is a Community Selected?
 

There are many factors to be taken ito account when selecting a
 
community with which to work. If a community has been reconmmended by 
someone else, a government official or a local politician, we must 
analyse their motives for the recommendation. We may be aiming to help 
a certain catagozy of people, a particularly poor or disadvantaged
 
group. We axy have certain geographical or environmental alms, such as 
setting up a plant in an area of deforestation, to encourage the use 
of alternative cooking fuels to wood. Comimunication is a factor: do we 
want to be able to reach the community quickly and easily from u near-­
by tow? This may distort our other aim.i, 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 already expressed an interest in biogas
 
technology? People who are already motivated are much easier to work
 
with.
 

When the criteria have been established, we should contact people with
 
good working experience of the area in which we intend to work, much as
 
connunity health workers, agricultural extension agents, for their
 
advice and suggestions, 

Questions on Going to a Community
 

The number of people in a visiting team, and its composition by sox, 
age etc., can affect the initial impression the people of a community 
receive, depending on the local culture. An individual visitor may be
 
less threatening than a team. The mode of transport (ranging from 
helicopter, through jeep to foot) also affects initial impressions. It
 
way be better to leave a vehicle away from the village, so that te
 
people's first sight of us is on-foot. The time of the visit is also a
 
factor, people are nore likely to talk and lisaton 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, dwvelop­
mert or even religious agencies, when contacting commnities.
 

The initial contact will be formal; a time of explaining our purpose 
and discovering the possibilities. If the situation looks promising, 
then arrangements to return for a longer stay ccan ba made. Facing a 
stranger, villagers will close ranks and only the influential ones will 
speak. In many places, the women will not even be visible. It may take 
several. visits before the real felings of everyone can be expressed.
 

Collecting Information
 

Much information is required to make a full and careful asselsament of 
the feasibility of a biogas system for the community,and time end 
patience are required to gather it. Answers to questione should be 
written dowin, but the appearance of a notebook during conversations 
can make a villagar wary. Information should alwvays be arose-ohekced 
U11th another person; villagers do not always tell the truth about 
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themselves 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 	information should be: 

Location ! 	Postal Address;
 
Map relating the village to the wider area;
 
Relationship to local services, roads, government offices
 
Map of Village.
 

People : 	Number of households;
 
People in each household, by age and sex;
 
Literacy.
 

Relationships : 	 Family Lineage; 
Caste, tribal and lirgaistic links; 
Religious affiliations. 

Economic : 	Occupations md typical incomes;
 
Land holding;
 
Ownership of capital goods.
 

Livestock : 	Type, number, sex and size-, 
Daily quantity of dung available. 

,I] House No. 

Catoi Shed 

]x' i6.2F B	 F FarmerI 
L Labourer 

Z. 5 	 S S1acksmith 

3 ' 	 Caste/tribeIZ'-- 2, A F B Brahmin
 
0,\ A Gurung
 

,,2 	 C Karm. 

-Land Hold ing
1\ FP1 	 inhectare 

05 a 	 -Number of cattle 
-Number in Family 

5Male -age

O Female-age
 

Plan of Village Key
 

House No.3: Singh Bahadur Details
 
Land "0.5 hectare
 

Not Irrigated

r _,_ 	 20 0 y W o f 

jy/ 0 	 Village 

25 is 13 9 Productivily: Food for 9112 
Months (rmize) 

Livestock :Cows 1 
Oxen 2Family Details 

Figure 12.1 Presentation of Information from Sample Village.
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The Poitica] Disension 

The pattern of authority and decision making 1.r the village 1 one of 

the most important items to information, but is the most difficult to 
are likely to assess. We are interested to know how the villagers 

cooperate together in the project.
 

We must find out: 

Leadership : Who the leaders are; 
What is the basls of authority: wealth, *harisma, 

education, religious status? 

FCL cms : Under which leader do different villagers alig 
themselvye and for what reason? 

DIpu '.o : What is the past history of court cases, land disagree­

menLs, family antagonlislus, oersonality clashes? 
in the past, thatthe villagers dun- togetherCooperation : What nave 

demonstrates a spirit of togetherness? 

ventures is the most important sign for which
Alkiis'ory of cooperative 

to look: building t village well, making a road, runnaing a loc - school,
 

are those that
having a common grain storo. The more -uelling ventures 

require sustained effort: maintaining the road, paying a teacher's 

salary. Sharing together 1-nreligious festivals is an indicator, but a 

less Hignificant one. 

The Test
 
we need.

Now we hav, eollected all the information on the community that 

The villagers seem interested in the community biogas pioject, and we 

are hopeful that they are willing to cooperate on it, The next stage is 
the Test.
 

The Test is a principle in the methedology of 'The Village Reconstruction
 

Crganisation', run under the leadership of Michael Windey S.J., in 
as an essential stage in anyGuntur, Andhra Pradesh, India. He sees it 


the reel commitment of the
community development process, to determine 

people to a project.
 

The people should be challanged to complete a specific task, within
 

told to repair an approach road, so
their capabilities. They could be 

or to dig the first 2 m

that materials could be brought to the site, 
this job among themselves
depth of the digester pit. They must orgenise 


have finished. They must
and come to the office to tell us when they 
durin the test, it is a test of their ability to a 

not be supervised 
than a polite interest

Job by themselves, nd also that they haye more 

in the project. 

us that they have finish-
If the people come to a specified place to tell 

If they never come,
ed the task, then we can continue with the project. 

should look for another community with which to work.then we 


The Management Committee 

the next stage is the management
if the community passes the test, 

authority and be recogrised by all the members

committee. It must have 
must be agreed by the villagers,of the community. The form it takes 

with help from the implementor.
 

Who should be on this committee?
 
chosen depends on the cultural assumptions of
 How committee members are 


both the villagers and the implementor. It may be by democratic process
 

or by consensus. The committee may include ropreeentatives 
of the less
 

advantaged groups, such :,, women and the landless. It should have enough
 

power to ensure that decisions concerning the project 
are made fairly.
 

areas in which cooperation is
 We can point out to the villagers the 
 on
 
required and the likely points of contention, 

but they must decide 


the measures required to meet these demands.
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The frequency of meetings, the creation of 
posts of chairman, aecreta.,.y,

and treasurer and other committee matters must be decidod by the
villagers, with guidance from the implementor. Simple training may need 
to be given in taking minutes, doing accounts and ruining meetings. 

Technical Aspects 
The emphasis of this chapter is on the community, rather than on the 
technology. There is a big difference between community ownership and
individual ownership of a biogas plant. The individual owner only needs 
to anawor two socio.-oconomic questions: "Have you enough cattle to feed 
a biogas plant?" and "Can you afford the price?". 
How does biogas fit into the life of the community?
 
When the subject of biogas technology is explained to the villagers,

they will need 
 to knowi what they car. use It for. Can biogas technology 
answer a need that the villagers already have? A supply of energy is 
a basic requirement for living, but the villagern must understand in
 
detail how a biogas plant could make their own 
lives easier.
 
The different possibilities for 
he use of biogas should be explained

to the villagers as clearly as possible. The use of pictures or a small 
model may help them to understand this ncw concept for them. If it is 
possible to take a group from the village to see other biogas install­
atione, and especially other community biogas systems, they will grasp

the possibilities more quickly.
 

The villagers must decide for themselves how they want to use the system,
but they must be given as much information as posible, so they cen 
make a meaninglful decision. 

The Uses of Biogas in the Community 
Dicgas has boen traditionally used for cooking and lighting; domestic 
uses which savo money, but do not eary an innome. We believe that a new
dimension can be introduced if the gas is used to earn an income for
the villagers. The advantages of this approach focus on the areas whez.e 
commnity biogae is most vulnerablo: in the taking of responsibility
 
for running and maintaining the system.
 
if a biogas plant is used to 
 earn money, there is a stong incentive
 
for all the people in the coarunity to keep it running, to keep the
 
money coming in.
 

If the gas is ueed for a single major purpose, such as running an
engine, the people can concentrate their efforts on ensuring that this
 
is maintained properly. If other equipment, such as lights, fail, the
 
purpose of the plant is not lost.
 
Also this approach offers a means of reaching poorer coimunities. If

the economic aualyis ham been done accurately and the correct subsid­
ies are available, then poor p~ople can repay the cost of a loan for
 
the biogas plant from the income it generates.
 
In principle, there are many ways in which bigae cazi be used to earn 
money (see Chapter 8). In Nepal, there are only twuo ways that have been

tested or studied in depth: graiz milling and irrigation puripirig.
 

The Use of Biogas for Milling in a Comutunity 
Several commuity plantg have been Bet up in Nepal that use the biogas
to run a dual-fuel engine to drive grain milling equipment. The joint 
owners of these systems seem to bg happy with the profits that they
 
earn. The income seems to be enough to cover The loan repayments for 
the whole system (moot have received a 50% subsidy for the biogan plant). 
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How will a community mill be run and organised? 

look after the engine and milling equipment
An operator is needed to 

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 outsider.
 

Another person will be employed in organising the customers and taking
 

payment for milling services (given in cash or ii kind, a proportion of 

the grain being milled). This job may also be full-time anI s-hould be 
done by a member of the community whom others truss.
 

A third person should have the responsibility 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 the4r interests are being protected. There are too many cases of 

cooperative ventures in which thetreasurer has run away with the money. 
We must ensure that the management comnittee faces up to such matters 
at an early stage and makes proper arrangements to safeguard against 

misuse of funds. They should also 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
 

assumptions:that they will make a good profit from the system.
 

The first question to be settled is: where is the water? Is there enough 
water throughout the year available from a nearby river, shallow well,
 
bore hole, to make irrigation pumping an economic proposition? The
 

implementor may need to ask h6lp from irrigation engineers to answer 
this question.
 

The positions of: the source of water, the lands to be irrigated and 
the Aio ge and the cattle sheds, amst 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 must be brought to the land along n. 

suitable canal or pipe. If the biogas plant is near the pump-set, to 

which it is supplying gas, the cattle dung may have to be carried a
 

long way tach day. If the biogas plant is in the village, where security 

is better, then the biogas must be transferred to the engine. This can 
be done with a long pipeline of a suitable size (see Chapter 6), but
 

pipelines are expensive. Biogas can be transferred in a large plastic 
balloon, but this is easily damaged. 

The villagers must be presented 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 land; the more land a person has, the 
more benefit hfj receives. We must help the management committee face up 

to tnebe issues. If everyone in the community is to take part in the 
project, they must all :-eceive some benefit from it.
 

A careful analysis should be made of people's land holdings and whero
 

each person's laud is, in relation to the canal that will bring the water.
 

How will people who have no land, or whose land is not in the irrigated 

area, benefit from the project? 

There are several ways in which this question can be answered., People 

can be each given 'credita' for the gas or the water, which they can 
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seil to othero. .1n arrangement can be made where those who fnight not
 
otherwise btneflt may r3nt land in the irrigated area from others. It
 
may be decided that those who will not benefit from The 
 water should 
not take part in tape scheme at all. Those decisions must be made before 
the installation work is started. 
An irrigation pump is only used when the crepe need water, but the biogas
plant is producing gas all the time. Should the gan be used for some 
other purpose, ouch as cooking and lighting aswell? if this is done,

then gas will not be available for this other purpose during the irriga­
tion season.
 
As with milling, an operator for the pump-set should be trained to 
run
 
and maintain the equipment,.
 

The Use of Biogas for Commun.ty Cooking and Lighting
 

Most individu3lly owned biogp.6 plants are used for domestic purposes,
 
.1o community biogas plants are planned with domestic use of the gas in
 
mind. Organisationally, this way of using the gas can be the most
 
complicated.
 

Again, the villagere and the management committee must make many deciaions 
before the plant is built. All the villagers in the scheme must have 
equal access to the gas. If the gas supply isE limited, the 'se must be 
controlled. Some houses will be further away from the biogas plant than
 
other , but they mst not receive less gas.
 
Who has the rosponsibility for maintonance of the commnirty facilities?
 
for tho individup-l family stoves and lights?
 
Maintnance people can be trained and supplied with tools and spare
 
parts, but how will they be payed? Who pays for the spare parts? 
The failure of ccoking stoves and lI.hts, without quick repair, is the
 
quickoest way to ensure a commxuity effort fails.
 

Rumning the Biogao System
 

The villagers must make sure that effecive arrangements are rade to
 
feed the plant with sufficitut dung ever day to produce the biogaa

required. The arrangements 
mut be reen to be fair, Those who supply

less dung may need to compensate in another wav, such as giving labour.
 
Someone must be reapousiblo for ensuring that everyone gives 
as much 
as they have pronied.
 

In some places cow dung *ks dried and used for' burning, Are all tho 
villagers convinced that outting the dung in the biogas plant is a better 
use for it? It is often difficult for people to change their habit.so 
Arrangiments Lmst also be made to harc the slurry that comes out of the
 
plant. in a fair way. It oan be 
 drieLd and stored for future use as 
fertilizer, or it can be put into the irrigation water. Who benefits?
 
The fairest .yatem is thot people 
 should receive back, ao slurry, what
 
they put in, au dung. This may be difficult to do when putting slurry

in the irrigation water. In thic case, credits may need 
 to be given for 
fertilizer, as well as gas.
 

The maintenance of the plant must be Planned for. How will the cost of 
maintenance be covered? Who is responsible? The implementors must 
ensure that expert tecbnical help is available, if it is needed, and that 
the people know how to find it. 

Adding Latrines to Community Biogas
 

One benefit of a community biogas system Is that latrines becan added, 
thus improving the sonitatlion of the village, and also the gas production 
from the plant. Howover, the introduction of latrinot adds a further
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villagers.

set of complications, for which planning must be made 

by the 

The defecating habits of the people need to be considered. 
The help of 

as a community health nurse, is useful in this discussion a woman, such 
with the people. The people need to be convinced that 

latrines will
 
they must
 

help them, by improving the health of the village. 
Agail 


change their habits, and this is difficult.
 

the plant, th? siting of the biogaR installation
 If latrines are added to 

must be well planned. People demand privicy for using 

the toilet.
 

The latrines must also be well planned, especially 
as there is a limit
 

the water that can be added, to give the correct total 
*jolids in
 

to 

the plan-.
 

a plant somehow 'taints'
use of night soil in
Some people feel that the 

the gas for cooking.
 

Latrines need to be cleaned, but who will do it and how will they be
 

paid? How will cleanliness be maintained?
compensated or 

latrines,


One night-soil biogas plant has been built in Nepal, with 1b 


for an urban community as a sanitation meatare. Many people 
used the
 

a
 
facility, so it scon was overloaded. Cleaning the latrines oecame 


as poor quality gas was produced, so it could not be sold to
 problem, 

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 about setting them up. An evaluation of how each plant is 
also to others

working is not only valuable to the implementors, but 

interested in this area of development. The more this type 
of information
 

can be shared, the fewer failures we may have.
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2hapter 1'4. 1IOGA.) &~~G D. Palford 

rhe extension of biogas techinoli;.7y to a larj-ae number .'" people in a 
developing country is a task that man)y planners nave underestimated. 
There are extension programmes in several countries in Asia (Subramanian, 
Eggeling): Korea (30,000 plants in i79), Taiwan (- 500 plants in 1975), 
Philippines (400), Thailand (200) and Pakistan (100) (Eileg7Ard), but 
they have not always been as successful as tne planners hopea. Even in 
China (7,000,000 digesters in 197b) and ini,* (19,d2, plants in 1980) 
(Ellegdrd), the failure rate of the plants Ouil has been fairly high 
up to 50% in China - Tan; 30% in India - Moulik). 

Most of these extension programmes have been started Dy goveirnment 
algencies. The Indian progranim:ne, for example, is organisod mainly by ine 
Khdi and Village Industries Commission, a central government funded 
organisation set up to encourage rural development in India. Some of
 
the state governments also niave their own programQes, such as PRAD in
 
Lucknow in Uttah Pradesh.
 

The Chinese experience has been sligotly different, partly because of
 
tne way in Ahich government is orranised. ?e commune system is very
 
involved in every aspect of people's lives, including tovernment, so
 
the idea of biogas tecnnology was able to spread rapidly and people
 
were able to obtain information -ind help easily. Although the collective 

system has facilitated the fast growth uf biogas technology in China, 
the main driving force has been a new freedom for families to own things 
privately, including biogas plants and pigs (Thery). 

in Nepal, the national biogas progranme 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 l'ission 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 (Fulford).
 

Organisation of Biogas Extension
 

Any extension programme has several components, all of which must be
 
working effectively for the programme to succeed. The technology used
 
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 puolicity for
 
the technology, via popular newspapers and radio. It is more difficult
 

to persuade customders to purchase a technolog,,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 job 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 visits to customers who have purchased biogas plants, to check
 
on problems and to put them right.
 

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. Supplies must be purchased, stored and transported to the
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different 3i tes where 2inmas plants are being ouilt. Close links needto be set u aetween re sales staff and customers and the loan officers
and construction staff, to 
insure that the customer gets what ne pays
for, and pays for wn-at ie gets, in good time. Yeirly plans must be
realistic, taking into consideration pntential markets, installation
capacity, material supplies and 
bottle necks, transport problems etc.,

as well as the past year's achievements. Ex-tension programmes often
 
grow more slowly than planners forecast.
 
These various components have different demands. Good, well proven

technology requires research and development, which is expensive and
Dest organised and financed by national research or academic institutions or by international aid agencies. Research and development workers need

good access to 
the work of field staff. Good puoli ,ity also requires

national 
or central direction and eranisation. Journalists and sales

staff are 
better at publicity than researchers.
 
Loan finance is best provided by a national or regional bank, as it isspecialised work and requires a good supply of funds, ver, good admin­strat orI 
and a high degree of confidence, both from the local people
and the government. If subsidies are to be given to cover part of thecost of biogas plants, as in 
some countries, they should be administereo

by government, although the banks car, act as agents. 
The work of selling to customers and of constructing biogas plants shouldbe organised at 
a local level. Eaoh aroa of a countiy has its own

peculiarities and problems, that are best understood oy the people ofthat area. This is especially true of techmiogies, such as biogas, thatrelate to 
rural areas, which -re far more diverse than urban ones.
If the construction programme is organisec centrally, many different
local offices are 
required, which is expensive to administer. If several
different sales and constriction teans arp set up, which can act
independently, but relate to the centre via a licencing system that 
ensures 
quality control, the administrative overheeds can 
be reduced.
 
ioilow-up should be organised centrally, especially as it should relate
 
to 
the work of research and development. it is best done, though, by
people who know a local area, such as by the construction or sales
 
teams. These people may be reluctant to report failures caused by their
 
own bad workmanship.
 
Thus the organisation of a biogas extension programme is very complex

and may involve several very different types of organisation, such as:
 
a university, ,apublicity agency, a bank, several small construction
firms aid a government department, The work of such diverse groups needs
 
to be coordinated and monitored.
 

Planning an Extenjion Programme
 
Careful planning is ani essential "Pature of any successful programme.
The senior management and technical staff, who 
are to be responsible

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.
 

The aims of the programme must 
be stated clearly, in terms of measurable
quantities: eg. the number of biogas plants built each year, the numberof construction workers trained to what level. The assumptions behindthese aims must also be clearly stated: eg. "Biogas is an acceptaole
source 
of fuel to rural people", a.nd 
in a way that can be easily tested
during the programme. All developne:t programmes are based on a series 
of assumptions about the environment and about the feelings and

attitudes of the people who are 
to 
be helped. If these assumptions are
 
incorrect, the 
success of the programmi is at risk.
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Each comonent of the progr;me: technology, finance, publicity, 
manawerneht, foilow-up etc. eeds tn be care, 1ly plared, Loti, as u 
separate feature, by people exper-ence,1 i!. rese ireas, mIid[:-relait o!, 
to eacn ec.,:nic,,ians, ' tr ann agentsother. Mvanagers, Ki:c. .. publicity 

need regular coordinatint, planninp, eetiugs ";o ensure all the different
 
sets of plans fit together well. Phe forri, of maiiage:ueut structures,
 
especially the clear denarkation of respoisioiiitie- for decision
 
making, need to be decided early it. the planning process, so that each
 
member of staff knows exactly what they are to do and how to do it.
 

Plans need to be practical. rite early part of the programme should inclule 
feasibility studies, market surveys and economic analyoes, oased or, data 
from the areas where biogas plants are to be sold, to ensure tne pr'ogramme 
is .eaiistically designed. A pilot progranmne, Duildi , a small number 
of tiogas plants in a limited aren, is a valuable way to give ins.ght
into possible problems for tne future. It also provides training for 
staff and the testing )f mai.rement structures and technical approaches. 

Plans need to ue flexible anJ :onstantly reviewed. Regular evaluation 
is an essential part of the programme, so that achievements can be 
tested against targets and reasons for poor performance can be identifit.i 
and corrected. If some previously unidentified circumstance arises
 
(eg. a change in political emphasis), the plans need To oe chanried
 
quickly enough to allow for it, so the running of the programme is not
 
adversely affected.
 

The planning process snould not oe rushed and it needs to be adequately
 
funded. Adequate spending of time and money at an early stage may save
 
mistakes that could be very expensivc in terms of both time and money
 
later oi. 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 be available for administrative and runnings costs. Staff
 
must be paid while .hey are being 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, but also be well proven in the 
field. Therefore, in setting up the technical component of the programme 
research 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 biogas plants by actually doing the job themselves,
 
with guidance from trained staff.
 

These requirements suggest tnat a pilot 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
 
used 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), adequate guarantees
 
and compensation must 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-ahead 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 of them.
 
If a pilot plant fails, it must be repaired, or replaced by a new one,
 
paid for by the programme. As a last resort, the price paid for the plant
 
may be refunded to the customer, with an extra fee, to compensate for
 
the trouble caused.
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The budget for this pilot prograirune should 'bus include a 100% guarantee
fund for each plant built under it. Also provision should be made for
 
regular visits (eg. 4 visits in the first year after the plant is built)

by research and development staff, to discover any design or construction
 
faults that need to be put right. This pilot programme will be relativel&
 
expensive and cannot earn a profit. It will give 
a good indication of
 
the real costs of building 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 reliable, 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 to reoai r olant 
 failures. A
proportion (5 to 8%) of the price of each plant should be set aside in
 
this fund as an insurance against faults caused by bad workmanship or
 
errors by the construction staff. If the guarantee period is made the
 
sawe 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 is best organised on a local level. As the
 
extension py'ogramme moves into a new geographical area, staff should be
 
recruited from 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 established 
in an area (within 4 years), it should become self-financing: salaries 
of staff and other overhead costs coming from the sales of biogas plants.

This commercial approach to bi jgas 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 zo 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 
build, therefore construction
 
staff must spend much of their time in the field. Field allowances must
 
be paid to these staff as compensation fo:i living away from home, even 
though the customer will often provide food and lodging free to them. 
Good training and planning are essential to keep these costs low, as 
they can rise very rapidly if the 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 oe trained in customer
 
relations and in sales techniques as they spend much of their time
 
among customers and their neighbours, who are also potential customers.
 
Quality control is an essential part of the exteILs1ont 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 construction 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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Sales and Follow-up of Biogas Plants 

dhile salesmen, can be par, of the commercial area construction progrmmes, 
plant expensive tothis approachn increases overheads arid makes a biogas 

De to use agricultural extension
the customer. A better approach may 

from a central government or
workers or specialist salesmen, paid 


same applies to staff responsible for
international aid agency. The 

the salesmen,doine both jobs.follow-up, who could be the same staff as 

encourages sales andSome form of incentive scheme is required that 

follow-up staff to do their job properly. This type of field work is
 

sLaff must be paid on provt.n reslt.s.Aimpossible to supervise, so 
sells a biogas plant, such as aDonus can also be paid to anyone who 


constructior. worker or r- loan officer at the bank.
 

iiiofas Extension in Nepal 

In Nepal, DC has discovered some of these principles by usinig them 

and proving that they Aorked. Other orincioles have bee-1 fou:.: by tryinj 

th-e opposite, which dic not work. DC) effeutively starTed with a pilot 
within 50 kr. of Butwal.extension programme oy uvilding 95 biogas plants 

This was done under a nationJ! programme organised by HHG/N in the 

Nepal .w:ritultural Year of 2033 (1375/76). 95 plants were too many for 

the first year of a prog7r;nmme, as techunical faults did arise and funds 
The steel drums started to corrodewere insuffiuient to put them rignt. 

and DCS's first attempt to repaint them did not solve the problem.
 

half of These corroded drums nave now been replaced, but not all
About 

of them, as funds have been difficult to obtain for this work.
 

first 6 tunnel plants built
 

for customers were orovided with 100% guarantee funds, although most
 

of the design faults proved to be minor and inexpensive (mainly leaking
 
gas taps).
 

The first i2 concrete dome plants and the 


Aother 100 biogas plants were supposed to have been built by the 

Department of Agriculture; HMG/N, 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 masons to build the plants and to arrange loans from UDB/N.
 
received much training in the building
Neither the JTAs or the masons 


of biogas 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 Agricultural Year, the DCS biogas extension programme was
 

formed into a private limited comp;ny, which started selling and 

constructing biogas plants on a national scale in 1976 (2034). The 

sudden expansion from an area programme to a national one put great 

strains on the new company, which was already tnder-financed. The Gobar 

Gas Company has had to 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 coordinating 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.
 

that staff from the Butwal area programme had
The sudden expansion meant 

to be promoted and sent to take charge of other areas before they were
 

properly trained or had gained sufficient experience. Technicians were
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19ternational I epali Pla.ts BulIL by: -,


Year :e>r Gobai , s Oo/DCS Utners S J !
 

1974/75 2031 3 - ­
1975/76 2032 95 i5 Ic - ­
1976/77 2033 r70 -L5 
1977/78 2054 131 
 - 131 - ­1978/79 2N35 12b 2 126 ­
1979/80 2036 111 91 20 
1980/81 2037 149 - , )3 lib ­
193 /82 203b 234 
 - 31 199' 4
198 2/83 2039 2LG 
 - 26
1-383/84 20,+0
 

Total 10 years 11 -4 
 lOb 714 5','2 b
 
Table 13.1 
 Biogas Plants Ruilt in N -41
 

made managers with no rianagement traininp a, aill. 
 As staff hav gained

experience and receives some on-the-job training, 
as time and work navr
permitted, this weakness is oeing overcome, Out only slowly.
 
Other problems faced by the Gobar Gas Comrany 
nave been linked with the

supply of materials, especially cement and steel. Since there is often
 a shortage of these supplies in Indi-i, a licencing and quota system nai
been introduced for the export of 
them to Nepal. This means that care­ful planning and management is required to ensure that the correct 
quantities of materials are available at 
the right time. Money is also

required to pay for these 
supplies, when they become available, so
 
good cash flow management is essential.
 
Considering the lack 
of management training and experience in tne staf!
of the Gobar Gas Company and also the high demands on management made
by the economic environment in N.epal, the performance of the company h;.t 
not been bad. 
The follow-up work of the company has been effective. The f rilure rate
of biogas plants in Nepal by the Gobar Gas Company is estimated to beonly 5%. All of these failures are steel drum biogas plants, most buill
in the Agricultural 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 biogas technology can offer to the countr,':­economy. The Dcpartmei.; of Agriculture has started offering subsidies 

faimers, as they recon.ise that bioFas plants can 

.
 

improve the fertilizer

value of cattle dung, especially if that dung, is not 
being burnt as

fuel. As artificial ferzilizer becomes more expensive and difficul" tc
 
obtain, this aspect is gaining in importance.
 

13.6
 



D. Felford
Char.er 14. FURTHER IDEAS FOR BIOGAS IN NEPAL 


No research and development programme is ever really complete; there
 

are always new ideas and improvements to be tested. The programme
 

described in this book has been finished, as far as DCS is concerned,
 
but the work is 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 their research is given.
 

Alteniative Feedstocks for Biogas Plants
 

A dependence on cattle dung alone as a feedstock 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, so experiments are continuing with the
 

use of raw vegetable matter as a feedstock for dome type plants
 
(Devkota).
 

Feedstocks being tested include: water hyacinth corn cobs, banana 
leaves, rice straw and a weed called 'banmara' (Eupatorium species),
 
which grows widely in Nepal, but which few animals will eat. Four
 

CDiO biogas plants ar3 being used as batch digesters for these tests:
 
loaded once every two or three months. Between 10 and 40% of slurry
 
from a working digester is added as a seed to supply the populations
 
of bacteria to start the digestion process.
 

The results look fairly hopeful, especially if the vegetable matter is
 
mixed with cattle dung and the Carbon:Nitrogen ratio is kept betwaen
 
20 and 30. Banmara, especially, has a high nitrogen content, for plant
 
material, so gives reasonable 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 feedstock
 
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
 
the top of the slurry. Finely ground materials
forms a scum layer on 


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 fre6h vegetable matter were introduced 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.
 



Scum format:.on can also ue ruuced oy incre i,3ng tit 1VIJ..Udi'j tneslurry. If the solids content of the slurry is increased to around130 kg/cu.m at 25 C, the mobility of scum and other vegetable matterin the digester is reduced %Jewell), so it is less likely to float
to 
the surface. However, a thicker slurry is more difficult to mix

and to introduce into a biogas digester.
 
A design foi! an Archemedes screw 
type slurry pump/mixing machine is
shown in Figure 14.1. A model of this pump has been made, but a full
size prototype has not yet been made nr 
tested. If it worked, it
would offer a solution to all of the above problems. It could be fitted
 so that the outlet of 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 tUe dige3Ler. 

Use of Latrines with Biogas Plants
 
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 some 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,
so 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 ilabove ground
level. The night soil plant in Tansen (Chapter 2) was sited on a slope
 

-- 0------- Inlet 
Screw Blades (2opperExtra 

(2 plate)Outlet B e - 00- - - l a
Hdes- ,, : = =.N ylo~n 

Pump Body Chopping 30x5Sectional View (6 GI) Blades
 

Outlet &les (30A 40)
 

_j.- - - ____ 

0 
1/ 

earing 1"; Shaft(680x 1 
End View Housing(30x 2/2) Top View 

Figuire 14.1 A Suggested Design for an Archemedes Screw Slurry Pump.
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Figure 14.2 Use of Slurry Pump to Introduce Feed into Biogas Plant.
 

so 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
 
solids 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 bottom and form a sludge layer. The excess water
 
can be wasted through an overflow in the top of the tank into a 
soaking 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 used 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 (Figure 
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, whiuh 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 

14...j
 



Figure 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
Blurry outlet.
 
A better solution is the Extended Dome design (EP), which is
between the dome and tunnel designs. The gas storage vqlume is made
a hybrid
 

as a partially cylindrical tunnel (4 m wide) closed by domed ends
(each effectively half a CP20 dome). While the roof could be made in
 a way similar to 
that of the dome designs, by casting it over a mud
mould, the digging of a large chamber underneath the roof wouldlaborious. If several plants be 
are to be made to this design, a steelform (Figu~re 14.4) should be made,after the digester pit which allows the roof to be castis dug and lined with brick masonry (in a way
 

similar to that for the brick lined tunnel plant).
If the central tunnel section i3 made 4 m long (Figure 14.5), the totalinternal volume aboutis 54.6 cu.m (EP50 plant). This tunnel sectioncan be made differentform, to give a range lengths, by including more or fewer sectionsof sizes of biogas plant (upto EP95 or more).of 
For these lager 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. 

Construtonsttn Details for the Extended Dome Desi y 
The principles of construction follow the same lines as for the domedesign (see Chapter 3). A suitably shaped hole (depth 920) is dug,
with the guidance of a template (Figure
ns.6). The edges of the holeshould be lined with bricks (placed at 45 ), to act as a foundation forthe dome. If the ground is of questionable quality, this foundation
should be bricks, or even 2mdbricks, wide (Volume II, Chapter 7).

The dgester
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 bricksat the base of the walls, helps to spread the load on the floor andanother full row atte theop acts as a ledge. The metal form is bolted 
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PiLn L ( ) 3 (i) 3 (o) ?o~al 'le j iges,3 orkig 
0 

Vol m Vol In Vol , Vol mEP20 
 0 
 2 320 22.944
EP35 5.439 17.505
2 000 20.225
1 000 
 1 800 38.748 10.043
EP50 4 000 2 000 28.705 33.727
1 400 54,552 14.647
EP65 6 000 3 0OO 39.905 47.229
1 400 70.356
EP80 19.251 51.105
8 000 60.731
4 000 
 1 100 86.160 23.855
EP95 10 000 5 000 62.305 74.233
1 !00 101.964 
 28.459 
 73.505 
 87*135
 
Table 14.1 
 Dimensions of Different Extended Dome Desiglis
 
together in place on this led're and 
the gas outlet pipe (Figure 14.6)
is put in place. The surface of the 
form is coated with a paste of
mud and water, so 
the concrete does not 
aQi:e'.re to

The whole roof must be cast at 

it.
 
one time, within one
labourers, masons and materials must be available and prepared to do
 

day, so enough
 
this. A small cement mixing machine would ease 
the Job for larger
sized olants. The concrete (1:3:3 mix) should cure
kept damp with for at least 7 days,
sacking that is regularly wetted. The form canunbolted and removed, once bethe dome is strong enough.

The inside of the dome is 
carefully cleaned of mud, dampened with
Water and plastered with mixtures of cement, sand and acrylic emulsion
in the 
same way as dome plants (8 mm 
of 1:2 
with 2% paint + 3 mm
cement with 4% paint). of
If the bricks and outside soil 
are likely tobe porous and leak slurry, the inside of the digester pit can also be
plastered (1:1:6 
of cement, lime and sand).

The cover over the digester pit is made in 
the same way as 
the
digester pit roof, except that the inside need not be plastered. For
these larger plants, a mixing machine should be used to mix the slurry.
A conventional mixing machine 
(see Chapter 5) or a largtr version of
the Achemedes screw machine could be used.
 

Pat Wck Re.1:1 Nix I Mz
 
Type Vol
 3 Time Dung Water Gasin3-da Dung Waterm'3 lit M 
EP20 20.2 78 130 130 
 4.02 
 90 5.3EP35 33.7 '77 220 

170 
220 6.78 290EP50 47.2 79 150 9.03300 300 9.31 400EP65 60.7 76 400 400 200 12.4112.29EP80 74.2 530 270 16.3874 500 
 500 15.26 67 30EP9 8.7 20573 60 
 600 18. 24 10 
 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,
Z50 biogas plant. The steel mould an
 system 
for the roof worked vll,
the roof proved easy to make and the mould could be removed without
too much difficulty. The inside surface of the roof proved to
little 
too 
smooth for good plastering, so 
be a
 

brush and roughened with a chisel, 
it was scrubbed with a wire
to 
provide a key for the plaster.
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Figure 14.6 Steel Template and Gas Outlet for Extended Dome Plants 

This plant ,)ill 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 is kaow 
to work well (that of the dome plants), the staff of the Gobar la 
Company do not expect any problems to occur in these plants.
 

Niterials E?20 Plant 2 m Tunnel EP50 EP95 
, (T) B20 + 2T) (EP20 + 5T) 

Bricks 
Cement kg 
Sand lit 
Gravel lit 

3,000 
950 (22) 

2,400 (70) 
1,400 (41) 

1,100 
700 (16) 

1,500 (44)
1,200 (35) 

5,200 
2,35Q (54) 
5,400 (156)
3,800 (110 

8,500 
4,450 (100) 
9,900 (285)
7,400 (2) 

Steel rod 
Gas Outlet 

130 m (6mm) 
1 Mi 

- 100 m (6mm) 
m 

100 m (6mm) 
I m 

Inlet Pipe 2.7m - 2.7m 2.7m 
Mix machine 1 - 1 1 

Table 14.3 Material Quantities for Extended Dome Plants. 
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Chapter 1. THE DEVELOPMENT OF BIOGAS TECHNOLOGY D. l ford
 

Biogas technology has not had a smooth history. While the idea of
 
producing a fuel gas from cattle dung and vegetable wastes has been
 
<rnown since the end of the last century, it was regarded or-e as a
 
scientific curiosity tnan of any use, The exception has been during­
times of war in Europe, when energy fr m other sources was limited.
 
Otherwise, supplies of oil and electricity were cheap and plentiful,
 
especially in the West, so further work on the development of biogas
 
was considered irrelevant. The few small biogas programmes that did
 
start in Europe, in France, West Germany and Italy, in response to
 
energy problems during and after the Second World War, quickly faded
 
away (van Brakel).
 

I:. the 1950s and 19o0s, as part of a growing concern for tre environment
 
:ini for conservation on the part of a few enthusiasts wno were
 
nuestioning the fast growth philosophy of the Western nations, oiogas
 
again found a place. It became almost a symbol of the new "zero growth"

approach to life, as a non-polluting, renewable energy resource, that 
could free men from their dependence on centralised energy, and its
 
control on people's lives (NAI).
 

Unfortunately, the enthusiasm of these conservationists for biogas was
 
based on the work of very few practical pioneers, who happened to
 
publicise their results. L.J. Fry had built a plant is South Africa,
 
-h.t used the dung fr'om 1 ,000 pigs to produce gas 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 ,shere biogas technology remained a set:rmui interost was at
 
tne Indian Agricultural Research Institute at Del,.i (Idnani). Research
 
and development work was inspired by a new sewage treatment plant near
 
Bombay, in 1937. The work at IARI inspired Jashbai 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 IARI,
"Delhi", and Patel, "Gramlaxmi", desitns used a counterbalanced gas 
drum, which was supposed to increase gas production by keeping the gas

under ne;-ative pressure. This system jammed easily and was potentially 
dangerous, as air could enter the gas holder and cause an explosive
 
mixture (Singh).
 

The oil price r:ses of the early 1970a made the rest of the world begin
 
to take the ideaq of the conservationists more seriously, including the 
use of biogas ,nchnology. Unfortunately, they discovered that this "ideal" 
energy resource suffered from many problems (Pyle). Biogas enthusiasts
 
had not considered the technical and other difficulties in setting up
 
an unfamiliar technology. Early attempts to popularise biogas technology,
 
either through small commercial concerns in the Western world, or through
 
ievelopment programmes in the less developed countries, provea less
 
successful than expected. The result of over-selling an idea that does
 
not live up to expectation is disillusionment. Government planners and
 
a;d administrators became rather suspicious of biogas technology and 
%ere less willin g to give it strong support. Even in India, where the 
bioga3 program-ie has usually had good support, there was a period in 
the late 1)60s and early 1970s, when the programme had reduoed priority 
and emphasis. Only in China has the early failures, apparantly, not 
stopped its enthusiastic adoption by large numbers of people (Thery).
 
This may be 6hanging (Tam).
 

Despite these initial set-backs, several groups nave been prepared to 
face up to the practical problems of getting thin anpropr.ate 
technology from the stage of being a "good idea" to one in wnic:h i t. 
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has the potential to help people in developing 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 inthe Knadi and lil3age Industries Commission, Bombay (F:;atankar) and in
the Planning, Research and 4ction Division (PRAD), in Lucknow and
 
Ajitmal (Lichtman), have been given i new impetus 
 by the Indian 
government, and new programmes have 
started elsewhere (Reddy TATA),

Elaewhere in Asia, Taiwan has 
a research programme (Chung PoJ, as does
Korea, Japan (Subramanian) and the Philippines (Maramba). The Environ­
mental Sanitation Information Centre of the Aisiarn Institute ofTechnology in Thailand has a keen interest (ThA). The United States
 
government has sponsored several research programmes (Jantzen) and
efforts are increasing in Britain (Meynell), Germany ( I3ORDA) and
 
other developed countries.
 

biogas is now being recognised for what it is: a useful new 
technology

that is still under development, not a magical solution to the eneri,,

proolems of the world. As this development work progresses, and newdiscoveries and inventions are made, biogas -vill have a small, uut 
growing impact on 
world energy resources, especially in rural areas of
developing countries that 
are not easily served by centralised power

supplies, such as electricity.
 

Challenges of Biogas Technology
 
The problems tnat faced the early 
 attempts to popularise biogas were r.ot 
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 biogas systems to any one of these
 
areas.
 

Tne process by which biogas is made is microbiological As it uses
methanogenic bacteria. The biochemistry of anaerobic fermentation is
 
very complex and the details are far from fully understood (Zeikus,

Wolfe, Mah). The practical problem of making cheap, but effective bioi-as

plants is o:e of civil and mechanikal engineering. A container must 
ce constructed to hold the slurry of bacteria and feedstocks, and a 
system devised for catching and storing the biogas, 
as it is given off.
Once biogas is produced, suiLable, cheap gas appliances must be desirred 
to use it.
 

The economics of biogas technology is very important; people will rio0i
 
use a new technology, however good, if it costs more than the altern­
atives. It also has sociological implications: biogas is called "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, although the gases produced from
 
them are the same.
 
Since biogas plants use animal dung and agricultural residues as feed­
stocks, and produce a fertilizer as well as 
a fuel gas, it may belontg

properly, to the subject of agriculture. The main users of the technol­
ogy are lirmers. The use of the effluent of a biogas plant brings in
the subjects of soil science and horticulture. In China, where compc t­
ing of all agricultural residues, including human faeces (nirht 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).
India and China, i r example, large numbers of biogas plants have 

In
been 
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built, but the failure rate has been high. Over 90,000 biogas plants

have been built in India (Elleg~rd). There were reports of about 30%
failure rate in a survey conducted in Gujurat state in 1975 (Moulik).
Phe proolems of organising larger scale community and institutional
 
plants seem to be even greater. The above study showed that only 6
 
out of 25 institutional plants, 
 built for groups sucn a.! asnrams,were working, a failure rate of "o%. A major reason for failure quoted
was a lack of interest by the concerned heads of the institutions.
A muon publicised community jlant by (with frombuilt PRAD money UNICEF)
(PRAD) has run into problems of organisation (Roy), and the people

have stopped using it.
 

4nen an organisatiol: 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'Aith them. A biogas team cannot employ experts to cover all the fields,
so those involved in biogas technology must be "generalists", with 
skills in various fields. 

Economic Challenges
 
Lne economics of is area which has much
biogas an received attention
(Pang, Barnett, Prasad, Makhijani etc.). While the running costs of - biogas plant are low, 
the capital costs per unit of energy produced

is fairly high. This is a factor common to most alternative energytechnologies, because the energy density in biomass, or wind or sun­
light, 
is much lower than for coal, oil, nuclear energy or even hydro­power. The physical dimensions of a plant to extract that energy must
De largel' per unit of energy produced. Conventional energy plants also
rely on economies of scale to extract large amounts of energy in large
centralised units. Altenative energy technologies tend to be diffuse;

plants are very small and scattered, and this also increases the
 
capital cost per unit of power produced.
 
Example 1. 1
 
Approximately 0.33 litres 
of oil is used to produce I kW.hr of electric­ity, either in a diesel generator or in an oil-fired power station. The 
same energy requires 667 litres of biogas 
 from 60 kg of cattle dung

or 
120 litres of slurry (miyed with water). The biomass occupies 360
times the volume of oil for the same potential energy. 
The cost of an oJl-fired power station is roughly $1,900 per kiloWatt(19*2 prices), :" r medium scale units (around 5 VW). The capital costof a similar: of hydropower station is about the same.
 
A biogas unit, oroducing 2 cu.!n 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 above example doe2s not include the cost of distributing the powerfrom central power stations tG rural areas. A biogas plant can be built 
ii,a rural village, where the energy is needed. If the costs of power

transmission to rural areas is included, the capital ecomonics of
Diogas look much better (Prasad). In a study in South India (Makhi~Jani),
it is suggested that a biogas fuelled generator set 
could give electic­ity to 
villagers at 6 to 8 cents (US) per kW.hr, while electricity from
 a central coal-fired or diesel generating plant would cost B 13 cents,toat 1973 prices. Government subsidies, for both electricity and biogas,
tend to upset this type of analysis.
 



1.3 Technical Challenges
 
Economics puts a severe constraint on technology. It is relatively
 
easy to make 
 a biogas plant ;hat will produce biogas and fertilizer;

there are many designs available. The more difficult task is to make
 
a 3esi;w of iogas plant that is both effective and cheap enough for
 
poteti.3] users to afford. It may be possible to make one or two low
 
cost plants, oy using scrap materials, but the technology used in a

national biogas programme must be reproduced for thousands of plants,

and must be made by workmen with suitable training.
 
AL tne present time, it seems easier to make a complex technical unit
than a simple one. Specialised materials, devices and control systems,
including microprocessors, are available that allow units to be designed
to do almost anything. Information on these new ideas is oecoming moro
easily available. Most biogas units designed in the deveioped worid,

especially rSA, Europe and Japan, tend to ref'lent 
 this nom'len 2Tpproann,
with the addition of slurry pumps, temperature control systems and the
 
use of specialiced materials, especially plastics. While some a theyt

Queigns are for researen plants, w. are different parameters .,.ed io i,

mutomatically monitored, this whole design philosophy is irn'ipproprito

Or rural areas of tne developing world. Sijplicity, low ,:est and t:n
 
use of locally aval:uj~e materials are toe priorities.
 
!he !esiwn of appropriate technologies for rural farmers III I develor, iili 
ounry derands al 1 ck of sophistication. An approprial.le 6 in WOK.tWe "
 

nip to ve made from a limited selection of maLerials, which are ls ,

variable quali. and difficult to fit to defined specifications. Y
 
necomes difficul. for designers and engineers to rely on design data
 
and principles leained in a developed 
 country. It is necessary to go
unck to oasic scientific and engineering principles and start again.

It can oe argued that simple, appropriate technology demands more
 
knowledgeable and better skilled scientists 
and engineers than the 
more sophisticated, but routine, technology of the developed world.
 
Appropriate technologists not only need a wide knowledge, they als,

need a Food understanding of the basics of their subjects.
 

1.,: Organisational Challenges
 

Ine advocates of appropriate technology tend to be engineers, so the

"ecnnical side is often emphasised to the neglect of other areas,

especially those of organisation and mana ement. In the enthusiasm to
 
develop a technology, such as biogas, and prove 
that it does work for
 
local people, the management of a programme can be left to chance. in
 
the words of a management consultant, who once visited DCS, the result
 
can be a "crisis management situation".
 
In this approach to management, decisions are made only when they have 
to be, such as when problems occur. Since these problem solving decisions 
are not well planned, they can ;ive rise to further problems, which 
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 is a series of 'crises' 
that become more difficult and frequent as the programme vets tigger 
ans more complex. The neglect of well planned management in the early

stages of a biogas or other appropriate technology programme, a.n piv,

rise to administrative problems later on in the programme.
 
A well organised, well planned programme car work well, even if thO 
technology is inadequate. The fast expansion of the progrmnme in Chin,,
despite poor technology, is an example of this (Thery). The early 
Chinese biogas plant designs (van Buren) were poor and difficult to 
- ake gas tight, but the highly orgnised commune system allowed the 
programme to progress rapidly. 

I.ell) 

http:approprial.le


Fcr an effective programme, both the technology and the organisation
 
must be good. Ultimately, however, it is the organisation and manage­
ment of a programme that determines its long-term success. A biogas
 
programme, whether it involves only research and development, or
 
extension as well, should be carefully planned in the early stages, 
as
 
the programme is set up. The managers and technicians~who .,'e to be
 
involved in tne running of the programme snould be appointed and trained
 
early on in the planning proceso:, so tney can do the detailed planning

of the programme. Technical ani ,xtensaon staff should be 
trained in
 
administration, book-keeping ana personnel management, as well 
as in
 
the technical aspects of biogas, 
so they know how to run their various 
sections of the prograin, . 
n)ce a good orvTmisatior, has been set up and is running well, attention 
,in be devoted to other aspects, such as the introduction of new 
: 'hnology or tne settin " up of new areas of work. Bad organisation
:eins that administrative crises are always taking attention and energy
 
a.ay from other matters, so 
or even destroyed. 

the progress of the programme is slowed, 

1.5 Marketing 

An "appropriate tecunclo,)y" 

Chall

must 

enges 

be appropriate to the people who are 
to use it, hile tecn:.clogyn new may seem impressive to the engineer
'L, is developi:q it, tne attitudes of the people who buy it are far 
more iminortnt. Marwy new technologies can be "solutions looking for 
ornblems". 

Biogas has been publicised mainly as a domeatic fuel, especially for 
cooking, but many people in a developing country see biogas as too
 
expensive to be suitable 
for this purpose. ThL fuels that biogas replaces,

such as wood, agricultural residues and dried cow dung, have a very

low ,irect cash cost to the user, even thoagh the long-term "cost" may

be very high, in terms of deforestation and reduced crop production.
If a local farmer uaes biogas in place of these fuels, he cannot save
 
the money, in cash, required to pay for the biogns alant.
 
?he use of tnese traditional fuels has a hirI, long-term cost to the 
nation, hs deforestation leads to soil-erosion and flooding in the
 
monsoon, and drought in the dry season. Vegetable matter and dunr, that
 
should we returned to the soil to uphold fertility is being burnt
 
(UNESCO). This national effect has been recognised by the Indian
 
government for -'.y years, in terms of 25% 50%, subsidies for
or even 

biogas technolr;. His Majesty's Goverpment of Nepal is also recognising

the problem, q- is giving subsidies for biogas as part of a programme
 
to increase P: production.
 

An alternative approach to the extension of biogas is emphasise its
to 

relevance for economic development in rural, areas. Biogas offers a
 
supply of enerEy 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 uioOas plants, which can be used to pay for the capital cost 
of the tioras plant and other equipment. This approach has oeen shown 
to work :. practice (Volume I, Chapter 11 and Volume 11, Chapter 9), 
even whe:. some of the gas is being used for cooking. 
The difficulty of this semi-commercial use of biogas is that a large
size plant is needed, which requires the dung of many animals, or ;
lerge quantity of agricultural residues to run it. The majority of small 
famners in developing countries do not have enough animals, or have 
access to enough suitable feedstocks, to set up sucn a plant on their 
Own. The smallest size of dual-fuel engine th. 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 bc positive that they

will gain from having and using it.
 

Qommercial Biogas
 
Phe use of biogas as a fuel, within 
a commercial operation, 
is not new.
Many sewage processing plants collect the gas given off by digestion
and use it to run stationary engines and 
to run vehicles (van Brakel).
This approach has been extended in China wihere wastes, collected from
cities and the surrounding countryside, are digested in cer 'raldigesters and used to run electricity generating units (Chen, UNIDO)

Over 600 of these units have been 
set up (ITDG).

2',other approach i, to use wastes 
 from processin i ndustries;, tiat canbe digested to biogas to 
fuel the operation of that industry. This is
-,:ing done in 
China; for example brewery wastes are bei:,. digested tor'>,m biogas to fuel the brewery (FAO). 
Research is continuinp in Japan,
USA and India to 
find ways in which wastes from paper mills, food
processing units and other such industries can be used 
to supply energy
Irstead of causing pollution (Ashare, TATA).


Integrated 'farming systems, that use biogas as an esseitial part oftheir operation are a fairly new 
idea, although Maya farms in the
Pi'nLlippines have been doing this for years (Maramba). In this system,
i 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
be used to can
feed fish and ducks in ponds, as well as algae, which can
be harvested as animal feed. The 
water from the ponds, containing the
remaining effluent, 
as well as the waste 
from the fish and ducks, is
allowed to 
overflow, to irrigate and fertilize vegetable plots and
crops 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, aehusking 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. Biogas may be used to partially or wholly replace diesel or

other fuels for these jobs.
 

Biogas Development in Nepal 
The way biogas technology developed in Nepal, illustrates the multi­disciplinary 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 Kathmarndu valley. He built a demonstration plart in
about 1955, 
run with dung from 
a small herd of cows owned by the school
(Saubolle), as well 
as a smaller plant in his own 
home. It proved an
attraction 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 Indaz.:ries Commission 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
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University to advise 
 IG/Nplanners on energy issues, recommended that

biolas 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
Nepal (ADB/N), made a programme to build ?50 Viogas plants during the
"Aricultural Year" of 1975/76 (HM('A). The Nepali 
financii! year goes
from mid-July to mid-July, while the calendar year is from mid-April.
Phe Agricultural Year was the Nepali financial year of 2031/32. 
Phe Department of Agriculture orranged for several workshops to makeblogas drums accordin to the KVIC design of biogas plant from India.The extension agents (unior 
Technical Assistants - JTAs) of thelepartment were to act as sales agents, persuading farmers to buy theseGiogas plants, with a zero interest loan from ADB/N. The A:Y i]so hadlo find local Ouilders to build the plants and outain the Sie I a

1rums from the manufacturers.
 
: 1974, the Development and ConsultinL Services of the United MissionL:; Nepal built 4 biogas plants to the Indian KVIC design. They werelooking for new products that could be made in the Butwal Technical7"stitute's Mechanical Workshop (now formed into Butwal Engineerinf;Aorks, Pvt, Ltd). A small demonstration plant, that was also made, wasborrowed to be shown at an exhibition held to celebrate the Corona tien 
of KinF Direndra in 1974.
 
Durin, the Agricultural Year, PTI and DCS were asked to be contraors t, make DioFas drums and also to install biogas plantc umnder the
 

n.rartmaet of Agriculture's programme. Other drums were made by S"00aj1
YAtra Shala in Kathmandu and the Agricultural Tools Factory in Pir-unmj.
 
In the A:ricultural Year, a total 
of 196 plants were built, according tothe records. DCS built 95 of these, and helped with the installation of
14 more. Durinr 1976 a joint 2-year programme: "Studies of EnerVy Needs
in the Food System", was set 
up by the Department of Agriculture andAmerican Peace Corps, with funds from USAID, which included a stronemphasis on biogas (Karki). 4 Peace Corps Volunteers were involved,

mainly with the training of Nepali personnel in biogas and in the

sett inq up of community biogas plants (se Chapter 9).
 
In 1977, DCS and ADB/N agreed to set up the Gobar Gas tatha Krishi YantraPikash (Ivt) Ltd. (2034), together with the Fuel Corporation of Nepal.
U.H had a policy of setting up private limited companies, an organisation­al model that w.ould allow local people to continue technical programmeson a self-suppowtin basis. The Company organisation was based on theDCS extensio ;r mramnme for thp Le :ini zone of Nepal, of which Butwal
"ns at the c ",.e:. The Gobar Oas Jompany set up Sub-Branch Offices and
Sales and Serv; :e Centres in about ) strategic places in Nepal, mainly

in the Terai (plains).
 
The first few years of the biogas pro ramme had shown up some technicalweaknesses in the Indian KVIC design uC biogas plant, so a Researchan:i Development Programme setwas up u:ijer DCS to try to improve biogas
plant designs (see Chapter 2).
 
,,the time of writinq (December 1983), o',er 1,300 biogas have been built
in Nepal, 
 mainly by the Gobar Gas Company. The Company is continuinr to
build pla-nts, at the rate of about 250 per year, although this number
should be increasing. After a time of apparent disillusionment withbiogas technology, the Department of Agriculture is offering subsidies
for some uiogas 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.
 
As in other places, biogas technology proved 
to be much more difficult
to develop than expected, but it is now finding its place in hepal. 
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W.Iundanertais of iioq5',rocess 

2.1 Th" Sloa: Mecrfloar 

:h rCe,t .'tr' Lerdous effort has been initiated in the 

c.oustr1ct in ' biogas oystems in various developinp countries. 

;uwver., .:-,rtiu.nte attention has been ,iven to the ultra-structurf 

ani1I :,t I ti. 1. plants while th :t udy of the Interral process 

in much P:uh.et,.alatt ] y becau-se the latter is less straightforward 

, , ' aikhulwn factors. oiitheens, a prooer understanding 

or r !',I ! 0 .]W,:v .r:, nit.ritional requirermunts, bio-chemical 

zv,'l.I ii4 t c:of th; ;rcces; is a pruquis itu to the choice 

of . V uiOu:.' jorat !ra'ueturs ( e.r. retentLon time, suIrry solid 

cont+:nt) for" nuy.i:isn, otlt.I 

Alttian g'-n'rLIr f:rom. insoluble onr.Jlexs can be generulised into 

the to. iLA4r ,u: 

.,lr :..: hr M'tfn t unu ,un, WirLt., 

., I'', I1t,, , CIc I"Tr'OUfl](1 

(e.r. I n,',1i,,, oly'accLarid,:, carbohydrates, lipids, proteins) 

HND:It CLYS IJ 

Mig. .- :L '.iu:3, l,oflosILc.arides, short chain fatty acids, alcohol) 

th ,"2 anii1hiMOdw 

AC 11)i;'.EL2IJ 

V l i i !'at. It.. a- id s A 

at.n.1pe 



(mrainly acetic and propionic acids, With soMe formic and butyric acids) 

acetic acid
 

formic acid GH COOH 
]1COOI IIETHANCENESIS 

3 

C , >lip Mathane 

,rauerohic digestion reduces the bulk of waste and sewage by nolubilising 

tOe ilsoluble polymric substances. The whole process can be visualised 

as a relay: 

1. Hydrolysis performed by the first team of bacteria e.g. Clostridiumj 

thermocelltusi notabolises cellulose to glucose. 

2. Acid formation by bacteria from the saeme or another group eg. 

Cloutridium thermouceticum converts glucose to acetic acid, 

3. And fisa~ly methane production from carbon dioxide and hydrogen. 

lhe.i. ar! thrxic distinct stages and each group of bacteria has its own
 

p!I Jfu vurice: neutral 
or sliphtly alkaline for hydrolytic and
 

methanojenic bartcria, 
 and acidic pH (h to 6.5) for acid formers. 

A fere~ritin, slurTy develops its own buffer and it usually settles down 

to a cou.j.romishii ph between 6.5 and 7. In peat bog where the ph! is 

low (aroend h), inuthane can still be detected. 

Microbial Interactions : 

I'vthancogens thrive in mixed cultures but are difficult to isolate 

into pure cultUti . This Pay be due to their strict anaerobic requirement, 

and probably to thir need for microbial interactions. 
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Hydrulytlc and aciid bacteriia can be facultative (live in the 

presence or absence of" oxygen) or an aerobic (live in environment 

witholit, oxyl.eln), whereas twthanopens are obligate anaerobes which are 

kil]ed ulpoi contact witi: oxygen. Aerobic and facultative organism 

both uItil.isi• u>cn iv; terminal electron acceptor. In the absence 

of oxyg,,en, the latter can also utilise nitrate or sulphate (in the 

case of shl[uha-rod ;clti bacteria). In a digester, these bacteria 

ass;i:;t at.ia.o.eIA by exhausting oxygen from the environment. The 

iethano.'enr cre at tho .gd of the relay and in return remove the acidic 

end pr(gtw,'ts by convurrting telioto riiithanto. The interrelationships among 

these micrio-ioraiiwri;,; In the biogas or ucological systeiia are thus 

jt. ;,tit, 1:;i tt.at for the first few days after start-up, 

the ti,,e:it,:" wo l: have a negative pre'sure inside. ierobes and 

faci.It:ttivo: org i:1m tiirst deplete the'oxygenyformLing carbon dioxide 

wY !h i; ,'orn! :.(,],:: oxygen the Thus presutreL. than in slurry. the is 

re(lll 	 o. it.; Ih mon, :;low j:rowin' rrwtharogers thrive, they convert 

hW C:','It sthane., As isoluble substratesI, t.o and more carbon 

are '.t,!. !i:;,.,i .a .:low procs as wll), nore nethane is found. 

di.., po:;i!!v prez ure i. built up in the digester. 

J n,'hvc:,.t. int:ractioris were observed it the presence of complex 

1ibst i and carbon dioxide arert:. :orlly1,tt..,ctte 

Pot-nd a-;'t.h,,il pi'cxucto. 11ut in the presence of simpler substrates, 

fr.c hydrgei, carbon dloxtte, acetic acid, and other end products such 
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as forilut.e, succinato, lactate, and ethanol are formed, indicating a 

reducut ,',.Iu of ,rthanogen in the interaction. (Zeikus, 1977). 

!'xperhjtrt:; huve been perfomed tn methaneinhance production
 

with microbial interactions. A rixed culture of 
specific bacteria
 

and enzyms has been claimed to decreasa the lag phase and hydrogen
 

sulphide cuiitenrt of the gas produced, 
 with gas production rate and
 

muthane cuntert (over 
 87,4) notably higher than other processes
 

(Cuaber Irdijwtrkes, 
 Canada, personal communications). In China
 

(Liti, etal, 1981) hydrogen-producing bacteria of the 
families 

,nte r &a e teriacea and Hacillaceae have isolated andbeen studied.
 

.Jhen t1Ky -Are inoculated with an enriched culture of methane 
 producing
 

bact.cria, the 
 r ; anu content increased remarkably to 8C% in 1 week,
 

whereas u cuntrol withuut the hydrogen bacteria 
had only 65% methane.
 

The CO2 also decre;s,,d to a level too low 
 to be detected by gas
 

chromatojrahy.
 

t uittugun ic uacte ria 

, tlariopens -ritstrict anaerobes (killed upon withcontact oxygen), 

non-spore formrs; and their habitat includes garden soil, lake 

sediment, mud swump, sewage sludge, ruminant feces, as well as 

gustroinstindl tracts of animals. Thermo~hiles have been obtaint:d 

from therml sprin:'s in Yellow Stonethe National Park in the Lnited 

States. Siince ,uthanogens are obligate anaerobes, indiscriminate exposure 

of digester slurry to air can seriously reduce the methanogen population. 
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Iroi physlo]opical an., nutritional point of view, methanogens
 

co e from very diverse nrioins. It appears that they are linked
 

Loj:0t?,:r ort.v by their comjon 
 a.-thane energy-generating mechanistr.
 

,fIi raud.haoo rws can utlize hydrogen 
as the sole reducing agent in the 

erru~rj'y cc Io in. step of methanogenesis arid in cellular synthesis; 

sU:e cali Wuie furirate and oLhers eg. (lethanesarcina barkeri) methanol. 

in the en, yrygenerating: process, oxidation of hydrogen is always coupled 

witt. the roduiort L of carbon dioxide, the terminal electron acceptor,
 

to rT-tI:aun. tI1 species can use carbon dioxide 
 as the sole carbon 

sw.rce Cor cellular synthesis, Soire can use carbon dioxide, while others 

3e inoripraic compoumd for energy. For example, 1,,ethanosarcina barkeri 

and som.c 1,ethanobacterium car, uie carbon monoxide as energy substrdate 

b.yf'ir.!;t convertin' it to carbon dioxide. 

The itiLer.,enus 'IC content is highly variable, and even within the 

genus luthanobacteriin, it varies from 27.5% of I. arbophilicum to 52 

ol' I.... rr,,,, 'tophic,,ur. They do riot have cytochromes for electron 

trarnslor1, :t ail co:ntaiii Goenzyre M (2-irercaptoethare - sulphonic acid) 

adi 4 I'l. c:,nt p trigent Factor h2u, fluorescense occuring when its 

oxidiold Iri i.,uxcited by iltraviolet. r',ys. Owiig to their diversity, 

.I~than~oi',. are c1is!;ified according to their ultrastructure into four 

genuzus ( ;'eiiu and Bowen, 1975 ). 

2-5
 



Taxonoim of tethano,'ens Family: ILathanobactereace 

Genus ?.:rpholoay 	 Substrate for energy
and growth 

Fathanobdcterivu rod shaped, often curved 12 , C02 , formate 

fethanococcwS cocci, in pairs, single, H2 , C02, formate 
or chains 

1,ethanosarcina irregular cell packets H2 , C02, methanol, 

acetate
 

t:Athanospirillun 	 curved, forming helical 120 C021 formate 
fila;Lnts 

2.2 Nutrient reQuireirents of methanogens 

Cait on, hydrogen, oxygen, nitrogen, sulphur, and phosphorus 

(C, H, 0, N, S, 11)are basic elements essential for the building up 

of cells and metabolism. In methanogens, carbon serves the additional 

purpose of being an electron acceptor (Cog - CH). Nitrogen is a 

constituent of protein, enzymes, and nucleic acid, and is usually 

lack Li,' in ligno-cellulosic materials. 

Lp mtil now~survwuys on nutritional require,ents of methanogens 

are limited Lo orly a few speciesand the role of vitamins for moat 

species in larguly unknown. For those studied, the effect of vitamins 

can be nil or stimulatory, required or not rtquired. Yeast extract 

( 1 e/l ), I'ulic acid (0.2 ,l), Vit B6 (0.09 mrg/l), and Vit B12 

(0.001 ,g/l) were stimulatory when acetate was ud as substrate for 

methane Veneration (Parkin and 5peece. 1980). 



k' thariopeiLs invariably use only am,.onium as a source of nitrogen, 

and nitroLnr g:, amino uc~i, and other nitrogeneus compound cannot 

tale itu place. Amino ac2ids can be stimulatory for some species like 

et LnoritLct riun ruiinantium and lethanospirillum hungatti, but not 

f'or itt),anob,.ictturitun thermoa itotrohicwuri which is autotrophic. If 

uirea i'i:;ilp in feed, hasi oid~ren.ed the it first to be broken down 

by otherr ,icrrl~t.es to ammonium before it can be utilised by the 

iF thato'.,e . 

.;lphtur at O. 35rdi is esLentil for the degradation of cellulose 

tu t .;ulphide or cysteine can be utilised by some species 

wheri:.. uLhnoju'ina harkeri needs both. sit 9 allW,; of sulphur, 

irrt,.:ir i,: 1;'Iur compounds except sulphate inhibit both cellulose 

dd,ratiat iwu a,! irkthane fornraition. 1 Khan and Trotter, 1978 ). 

It ws nLut in some studies that etable rethane generation was 

not maintained orl an acetic acid - mineral salt iedium until solids­

free dipestett sludge was adaed. The sludge presumably provides sone 

undefiu- : growth factors for the ethanogens. CoM, 2-ethylbutyrate, 

and 'art ticisli-.e acetate are essential for ruren methanogens. 

(Zeik, ,,t.], ]u7".). 
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2.. biochemical!leaction and Kinetics 

In jireoh.ne forratiton, carbon dioxide is reduced by hydrogen and 

the reaction common to all mthanogens is 

C 1 --- 2112 
0 + CHL2 

In the course of fermentation of complex 3ubstrates, volatile 

f;ittly aiids :sch as acetic, propionic, butyric, and lesser amounts 

of furic, lactic and valeric acid are produced. The higher carbon 

icid arm initially brokcn down to acetic and propionic acids which 

become tOt procurso s of about 85% of the methane generated. In an 

unbalarwed process, these are also the acids that prevail (Tappounrii, 

197). In scwue sludge, 70 - 86C of methane arises from H2 - C02 
and acette. Interestingly, gaseous hydrocarbons such as ethane, 

-ropane, indi butane are not produced, indicating that all metabolites 

aro :'robuhby cowvrtud ti the same precursor of methane. 

The d,.tails o thu mechanism for the redudtion of carbon dioxide 

to miethan.t still reaviin to be elucidated. The discoveries of Coe.zyaM 

14or Co?. and F4 20 did indeed shed some light on the understanding of 

the muclnism. They seem to be unique in methanogens. Tetrahyrofolate, 

12, and Coll have beaun sugt,ested as candidates for methyl group 

transfer (Stanier etal, 1976). However, the levels of forqritetra­

hydrofolate synthetase and methylene tetrmhydrofoate dehydrogenese 

were too low to be of sirnificance in the species studied (Stadman, 1967). 

't-6
 

http:jireoh.ne


'itaiin: j h e (about 3000 mcp/k, dry sludge) and it 

Was ipc;;uit!d tP i? acts a': mithy1 carrier for Coil for cells 

ruJi: Oi imtlariol, witi: .. '1l providing the energy. .ore work is 

r :c-J(:d t-, cjt'i, tlis (Daylock, 1968). 

F 1mv,)2.lv(.A in hydrogen , tabolism. Zxtresi sensitivity 

', ',;tilu:|J: t,. ',:-gon iiy be due to the oxidation of F1420. In 

:(;t :oh.I..- '.W*.. r .lut liu., I120 facilitates the oxidation of 

drm.n. 'in !,:..,t coupled with thu reduction of NIADP to IDDPHi. 

ia rtnr ,v ,opo., a unif%,iz mchunism for the reduction of 

i~tLLI,,. jh L-rite. instead of being reduced by I.) directly, 

ttou. ! t- r, c ,,orm carriers and roduced to tethane with 

rul,cIerit on, (1: .he carrier. Litter o,, Col.. was proposed as the 

• 2H 
'2'F CO X 0CHO 2 X CH2 OH 

C.rri,~'r-11220 
+ 2H 

- H2 
0 

S3P * -120 '­

M'ethanol 
- ."il IXH 

CE3 CUOJ * X1! +2H
0acet 1c acid 

X11 + Clii 

Carrier m)than 
regenerated 

Col i the carrier, Gunsaliu (etal, 1976) proposed the 

n'f iut.l vitrsion which is similar to above, 

+ 2H + 2H CoI 
+ Il! - Coll -- 0- , - CoM -- Hl-C - S - CONC 2 

1120 
Ol 

+2H 
-H20O 

CH3,-S-CoM 

' 2- CoM ('HItC011 reg~aricrted 



1Thuriophilic digestion enhances methane production rate since
 
thermophlus 
 have the fastest g.rowth rates. I'ethanobacterium
 

thermo:,iLt,.rophicum has 
 the shortest doublin,'.-tim ( the time taken 

for cell population to double) of than 3less hours at temperatures
 

above 70 
C .rovm in :an inorganic mineral salt medium. Isolated from 

ucwael nludl-u, iL grew well up to 80°C ( Zeikus and %,olfe, 1972 ).
 
Doublii,-Li lfor Methanobacterium a 
 0 icuM culture grown in
 

miriral .:Llt pdium supleumented with vitamins is 10 hours j for
 
rtt athu:Irirwbln hunh'ti 
 in a complex tedium it is 17 hcars. Under
 
opt iirul c:a;t,;inu and sulphur concentrations, the generation tize of
 
lethno.accjna barkeri 
 is 7 - 9 hours. At masophilic tevperature 

-3,r tAC), dui liin-time for mthane feriwntation of acetic acid
 
is 33.) hwr,,. 
 In high solid or dry batch fermentation of corn stover, 
the rate i; 1.75 atid 3.5 tirms faster at 550C than at 35°C and 25 0 C 
re.|pctivuly. The difference for wheat straw is not as drmmatic 
(Jwwell etal, 1981). The usial retention time of 1 month for digestion 

at zusOuhiiic temperatures can be reduced to 1 weuk at thermophilic 

tep prature:3. 

rinetic studies help to determine the rate limiting step in the 

sequence: 

Hydrolysis, acidogenesis, or methanogenasis. The specific growth 

rAtes, Jjiwx, and generation or doubling time d, (d - 1n2/9 Max) for 

various phases and substraes were reported as follows: 
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Talle 2.1 l, nutic Constants for different stages in anaerobic digestion 

substrate Phase hr -itux, d,hr Temperature o.. 

glucase t. acid 0.30 2.3 36.5 

sewage :;ludgu ac id 0.16 .3 36.5 

cellulose v 0.07acid 9.11 35.0 

acetic acid fruthane 2.02 33.9 36.5 

g I couie acid 0.33 - 30 0 C, pH6 

1 'lucose h' acid 0.51 
 37 C
 
(Optimuri mesouh ;lie) 

luose ,ac id 0.71 52°C 

(Optimum 
the rmophilic) 

* Jource - ghosh arid Klass, 1978 

h Jonrce = Z'oet meyer, etal, 1979 

acid forui,.rs sich as qtreptocooci and Bacteriods are more fast growing 

than mTthanhu'::. Thus for a balanced process, acid forvation should be 

in step with 'L: conversion to irt.ha~u by the slow growing methanogens. 

In digestion of simple carbohydrate:; ch as glucose, sewage sludge, 

and cellulose, muthane fornution from voli: ;le fatty acids is limitingrate 

since the corresponding specific grorth ratu is lowest, at 0.02 hr-

For hihly lij,,nocellulooic compounds which are resistant to degradation 

by enzy mt: and limited in exposes surface, hydrolysis step can be limiting. 

2. 11 

http:forui,.rs


Howevor, if the iethanogen population is scanty and lacks viability, 

acid will accumlate and irEthane forration will be limiting instead. 

.onetipes, thick slurry or scum formation at the surface can 

prevunt rapid rlease of gas from the slurry. Studies are needed 

to ctmfiru the rate of release of gas to the rat')s of reaction. 

.L ] ol' hiogas processes 

A cla;o unulolgy can be drawn for fermentation in a biogas 

,,:u;tu: ~and in ruinan a The gastrointestinalthat the of ruminant. 

tract. oi a true ruminant is a complicated affair. it comprises 

thu r'mri-eticulun wherc feed is fermrented, aborasum where 

erzymic digestive procesnes similar to that in Pionogastric take 

placu , oir~ar where water and some nutrients are absorbed, and 

the irnte:tinus. The ruwn microflora i3 similar to the biogas 

microloru, and ruminant feces should therefore contain the set 

ofr ricrobea required for rethane generation. 

Ono notable difference between digestion in a digester and 

digestion in a ruminant is that the living animl can regurgitate 

lonjg pieces of fibrous feed, chow them down to a propr;r size 

for enzymic actions and reswallow them in ball-like boluses. 

0h;ereas fibrous substrate for a aifester has to be first ccmminuted 



artificially before feeding. '11e rum.on is stratified into three
 

layers - the top hardpack layer of lonp fibrous rmterials, the
 

interidDliate layer with ruminated feed, and the fluid layer of fin'ir
 

particles . Ferirentation takeL; place in the itermediate and fluid
 

layer. i, Liogas digester, which lacks the discrimination and co­

ordinated ictions of muscles in a ruminant, -would be in serious
 

troiubl if it is stratified as in a rnimen. This nevertheless can
 

occur if loni, pieces of straw are added as subqtrates or the slurry
 

is too diluted.
 

AL Lhe ;tart-up of plants, a lag phase is almost inevitable when
 

the ic:ol'lora attempts to establish itself. In a batch process, in
 

which no material enters or6. 	 oer&-ecc 

leaves except for gaseous 

rt A, IA 

products, the lag phase is 

followed by a period of 

I ap < Aea,±rbe maxinun growth (j4 ux 

'"7 Icalled the exponential growth 

phase. Thereafter, the population 

declines an the death rate 

3 exceeds the growth rate. The
 

Ytae lag period can be shortened if
 

1. 1&1) the batch is inoculated with
 

2, e.%poiei4-tL growvrh phile Arms~
 

3, ctOnary pha. . the proper microbial culture.
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Uther procesies include the contint-ous stire tank reactor
 

(CTU) which is 
 highly popular in fermentation industries, and ipLU 

flow reactor in which mixing is restricted. In practice, the 

biota: ;:.steiu encountered in laboratories and research stations are 

modified versions of these reactors. For the plantsgas built in
 

Mejal, l'euling of substrate is semi-continuous, usually once a day,
 

and miyiji, is nut uniform since agitating devices ray be absent
 

or nlut 11
n IS. 

The iipplication 
of fiLcd film reactor or anaerobic filter for 

n,thane yeiiurtion has been a recent develnpient. These reactors 

art bai.Scally vertical clumns filled with materials with large
 

surface arveas 
"or the adherence of bitcterial film. Chunks of glass, 

pla:.;tc, clay, rLuiie or even bairioo .ngs have been tested as film 

ad1.uritg iaterialb. Clay pipes excellentprovide surface for film 

est,ijbi;hrent. class gives 
the lowest rate and highest variability, 

and the fiin, once removed, was difficult to re-establish (Von Den 

Berg and 7,entz, 1979). Lubstrate is pumped in from the top of 

dowiflow reactors, 
or pumped up in upflow reactors which act partly
 

as fluidized bed. 
 The rate at which the bacterial film is formed
 

on 
the surface is variable, depending on the 
nature of the support
 

material. 

In ore expuritrLtnt, dilute pig slurry (below 2' total solid) was 

fed to an upi'low reactor filled with limestone chippings. 90r biogas 

per day was prnduced from the 9.6Mur digester at a low retention of O.5 

to 5 dayn and te ijurdturm 30-35 0C. Corstraction cost was low and 
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cioggii'g was rot a problem aLs long a!; the feed was low in solid content 

(liewell, 197). it Thailand where baleboo rings (1P inch d b-n.ter and 

1 Iinch Lungi',) were ad,, bacteria developed as a thick black zlime on 

rings and .i! j'lucs in the interstices in upflow reactor. iig dung 

was J'irst oilutud and scirened through 2mn sieve before feeding. 

After teh mrItAiS U!" o|x1r.,tIon, there was no visual signs of degradation 

in the -inags :tn.I thvcr o' ect,:e 1ife is 2 - 3 years, One significance 

is that tbu low rettntion tim (average 5 days) allows a sruillur volume 

of dige;ter, falf the size of conventional on3s, and construction cost 

was 3CY%ow:r (Chavaej, 1980). 

In :jwruiriy, the advantages of fixed filin reactor are that agitatio:i 

i's riot rmquird, the rates of methane genertion is high, and the 

rzteritio: tim- i;: low jervittir the construction of a smaller and 

chuaie r ri: Lor. 

As for aisadvaritagus, this process is only applicable to low 

solid wa::t (ks than 1%). ifigher solid waste requires dilution and 

aettlro11 . aUlide -;ievig throulh Unless; or screens. this 

proce,:um- -; piotrily observ i, the chance of clogging in the spaces 

between the spf~orting vaterial is very high. A plant installed in 

Chin t wa.: clogt,ef up after severa.l months of operation (,-SmT, 1981). 

Another rwason for the requirement of' liquid feed is that 

dif'fision of sib.st rate to the bacterial fili, is more effective for 

soluble mtters than solids. .lionocellalosic residues have low cell 

soluble matter ( about 10 to 15% ) and degradation proceeds more 

rapidly i microbes are adhered on it. The proxi.ity decreascs the 

Lina re(id for diffusion of hydrolytic enzymes to the fibrous 
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sub~stratc and dliffusion of products back to the micro-organism. The 

low rtention time and adherence of the microbes to supports in 

fixed film reactor are therefore unsuitable for highly insoluble
 

li.nocellulos ic niteri2!s.
 

1h(. Iue; of fixed fiLra reactors are also limited by the life
 

expectancy of the supporting Puterial's 
and the
 

stability of the bacterial film. 
 Filue are usually slow to
 

develop and difficult to reestablish after failure.
 

Two I hasu .,oat'rubic flii'otiun 

,s itthan v'erior-tion frori complex substrate is mediated by two 

gros of' bacteria that have owntheir environmental preferences,
 

seperitinj' them in 
 two phases can optimise conditions for both
 

acidogei;iiL and t;ethonoenesis. 
 icid formers lhave a faster growth
 

rate th-,n mthanogens and the 
 retention time needed to maximise both 

stapes differ greatly. At 5% glucose the generation time for
 

acidific ation and rethanat-ozn are 3.6 
hours and 36 hours respectively; 

that of Cullulose hydrolysis is even hi,,her,, at 1.7 days. .& higher 

flow rat,e to ratisfy the acid formers can therefore result in 

total wa.fhut of the nithanogens. 

in a two phase sy:;tom daily methane production per kg VS is 

11irst h tiries that of a one phase system and rrthanogens can cope 

with shock loadings of acids better in the second stage. Because of 

the slow growth ratio of methanogens, recirculation of biomss in 

necessary ( Zoetemeyer etal, 1979 ). 
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I'hau,;e suepration can be simulated in a plug flow system, which 

theoretic.ally allows no mixing of contents in different cross-sections 

of th,; "iongtudinal reactors. This process enables acid-forming 

bectt:ria Lo be unriched in the initial section of the reactor and 

mathkaroget:it in P.he latter part. The tunnel design operates only 

partially on the plug flow principle, since mixing caused by 

displacement o, slurry destroys true plug-flow effect. 

2.5 Effluent as 1'frtil~z.r 

The f'ertilzing value of effliient from biogas plants has been 

couruwnted f'requently in the literature, although field trials of 

its effectiveness copared to chemical fertilizer, .anurom, and 

compost have riot yet been properly performed and documented. In the 

choice of' plots for trials, care should be taken to note the nature 

and fert.l!ty o!' the soil, and avoid plots that have had a history 

of' fertilizer application. Organic fertilizers tend to leave their 

residual e'focts in the soil; nanurx., biogas effluent, and compost 

can have effects lasting for two to three years. 
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During fenrentati(n, c-rbon in the substrate is consumed. Part 

of it is incozporLtted into the microbial. cells as building material
 

and remains in the slurry while the 
 rest i3 metabolised to methane,
 

carbon dioxide, volatile or
fatty acids, other soluble metabolit es.
 

The gases escape from the slurry, leaving it more dilute with 
 less 

carbon and solid matter. Citrogen, on the other hand, is assimilated 

into cello but rarely reduced to nitrogen gas in the system. 

,,ithou'h niLrogen fixitg, bacteria have been detected in some
 

system (Il-Ialwagi, 1980) 
 the total amount of nitrogen remains
 

fairly corwtarit. Its concentration in terrm of dry *,atteractually
 

increases, 
 not so much because of production by nitrification, but 

because of the net decrease in sol'd matter as fermentation proceeds. 

Table 2.2 lists sore typical NPK values manureof and effluent obtained 

from our biogas plants ;ANL ; note that the concentrations of nitrogen 

is almost LC% hi,;her in the effluents. 

Table 2.2 NPK values ofnanure and effluent, 
% by weight of air dried materials 

Material 1 P205 K2 0 ash 

Buffalo tianure, 1.01 1.11 0.92 
 26.43
fed on grass arid (n=3)

rice husk 

Bffluent. Frn,, 1.4l 1.18 l.h8 28.6Ldone-type plant (n-6) 

Effluent from 1.39 1.0% 1.08 28.6h 
tunnel-ty|e plant (nr4) 
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While the net amount of nitrogen fluctuates slightly, the foris 

it takes vary considerably. in most cases, there is more ammonia 

( 20 to 50%) and less orgunic nitrogen in the effluent than in khe 

mnure siubstratc. in a report fro, E6pt (El-Halviagi, 1980) the 

quintity ler unit volumn of volatile fatty acids, phosphates, and 

anumonia increased. In fact ammonia doubled becoming 25% of total 

nitrogen. Lrgaiiic nitrogen decreased by 20 but the amount per 

unit dry ,vatter increased owing to the concentration effect described 

above. In- other circumstances in the U.S. ammonia increased 

from h to 16 whereas organic nitrogen was reduced from 3/4 to 1/2 of 

the net amount. n India, ammonia in the effluent was found to be 

between 15-10%of total nitrogen. (Subramanian, 1977). 

Similar to nmanure, gas-plant effluent loses nitrogen in the 

form of ammonia if left outside for long before application. If it 

is tuo wet, leaching of soluble compounds especially nitrates will 

occur, arid if too dry volatile compounds such as ammonia and 

volatile., tatt: acid will evaporate more readily. Furthermore 

rnicroorganismiact on the urea and protein converting them to 

CO (:112) 2 + 21120 --- (Nt4) 2 CO3 ammonium carborate (1) 

Ca3 21M 3 CO3 t H20 (2) 
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The second reaction is accelerated by high temperature and 

alkaline conditions. 

In the Philippines, effluent from biogas plants fed with 

livestock waste' such as hog tranure are treated in aeration lagoons 

for about a month. The purposz is 'to allow toxic compounds present 

in the t fflueent to decompose in the ponds before being applicl to 

crops. ( MNrarba, Jr. 1978 ). 

Toxic coriqounds inclde hydrogen sulphide and their successful 

removal can be indicated the attraction of insects to the treated 

slurry. In !erul,where cattle and buffalo dung is the common feed, 

this procedure is not a necessity. We have encountered cases where 

frogs dwell happily in the effluent in the outlet pit and plants 

sending their roots down the inner side% of the outlet pit. 

2.6 Effect of' anaerobic digestion on patholen:s 

Another side benefit of biogas plant besides the prevision of 

fertilizer is iewa.getreatment. In biological treatmeBnt of waste, 

the initial step know as primary treatment- involves settling out of 

solids. In secondary treatment, suspended matter and soluble organic 

matte- can be regoved by one of the following methods i 

Z.zo 



1. 	 Stabili.Ation pond 

2. 	 Cxidatton ponds or aerated lagoons, some with algae for providing 

oxy, on. Cost is low and al propriate where land is available. 

3. 	 ,ctivated sludge or continuous-flow aerated biological reactor,
 

un!ially -:ith rvcycling of sludge.
 

4 . Iiyed film reactor with downward or upward flow (see 2.4) 

Trick]lin., or percolating biolopical filter is a special ease 

witt. d, t,&ur flow of substrate. 

.	 I~'~~%n&4, tc or without recovery.dlj:tion with methane 

6. Conpics t jilk'.. 

Titi, and teriperature are the two important parairetere governing 

the sue-cf:r of waste treatmnt. Fii:. 2.2 depicts how the survival 

of Oififruitt ':ind:; of patholuns are related to these paramsters. The 

upper rj'ht Land corner is the slifety zone, where at a certain 

combination of temiperature and time, all pathogens. are virtually 

i] iinat,.d. The iiost resistant pathogena are enteric viruses and 

ascurts oj' ,3; t:ey are tho last ones to be eliminated. In anaerobic 

dipis!tiol, at 35°C and ait a retention ,eriod of 20 - 30 days, the 

population of Ascurii erI-:.; is sub-Lattially reduced but not totally 

destroH,,:,. At. 40 - 500C , cornplete destruction is almost ensured. 

In a well-druined pit, storage for one year essentially eliminates 

,Li) pktho,',;nn at low temperatures. 

Ini i biogas digester, where the temperuture is usually below 

30OC ard netintion time between one and two months, removal of 
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puthoge.ms from, nitht soil is never complete, and caution must be 

taken to treat the effluent in stabilization ponds before application 

to crops as 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 anid have lonrer retention periods. Even so, it was found in 

China that Ascaris or round worm eglgs only loses 53% of their
 

viability after 100 days.
 

:;alitonel]la is another pathogen renown for its resistance to 

waste treatncrnt. Studies done on A-aILJb" indicated that 

retention tim and not so much]'I is the crucial factor for extermination. 

There are conjuctures that comletition with other organism in the 

digester threatens the survivul of Salmonella. However, when 

Salmonella was inocnIated into sterilised effluent from digestera, 

the viable counts dropled from 6 x 105 to 102 in two cases and zero 

in another, indicatinF compounds in the effluent 'itself are prubably 

inhibitory to their ,,rowth. ( Anaerobic Digsstion Poster Papers, 1980 ). 

el\
Iv 
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Figure 2.E. Influence of Time and Temperature on Selected Pathogens
 
in Night Soil and Sludge
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L 5 -65 
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h, .E lrnoela 

S.. 

25 -	 .25 

0., 1 10 ionj, 1'uoo n.ooo 

Time (hours) : 

Note: The lines ispresente conservative upper boundaries for pathogen death ,
 

that is, estimates of the pathogen time-temp. combinations required for
 
pathogen inactivation. A treatment process with time-temp. affects falling
 
within the "safety zome" should be lethal to all excreted pathogenti, with
 
the possible exception of hepatitis A virus which is not included in the
 
enteric virusaed in the fig. at short retention timaes.0
 
Indicated time-temp. requirements are at least: 1 hour at i)62°C,
 

1 day at : 50°00, nd 1 ueek at .> 460G.
 

Sourte 	 R. Yeaohea and others, 1981.
 
Reproduced with permission from World Bak.
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2.7 I'ropurties o' biogas 

Biogas usually comprises 50 - 70 % of methane, Clih, and the 

rest is roinly carbon dioxide, COcp In the Indian subcontinent, 

biogas ,entrated from gobar (cattle or buffalo dung) contains only 

.C - 55% of imtharie. Small amounts of other gases such as nitrogen 

are also present. Hiydro,.n arid carbon monoxide may be present, 

usually below 1. The corrosive gas hydrogen sulphide 12S is also 

produced irn trace quantities by sulphatereducing bacteria. 

Both %btharie and hydrog~urj aro combustible, though the contribution 

of hydrogtrn tu the calorific value of the gas is negligible because 

of its small quamt.ity. Removing the incombustible carbon dioxide 

would increase the calorific value of the gas. 

.2 



Methane is well-known for its property of forming explosive 

rixture with air between 5 to ].4h metane or 8.3 to 21.3. biogas 

(assiuning 6N%rmthane content). In enclosed space, violent 

explosiorL can occur.- Accidents are not unheard of, but are usually 

induced by extrere carelessnesL; sitch as lighting a flam inside an
 

anaerobic digester or testing the combustibility of gas at taps
 

sitLted -i smnll I.its. Wiith a bit of knowledge and comiw'n sense,
 

oj ratinn rX bLolfas plant-, and appliances is rmther safe.
 

1.0iig | in. for cockkInt is as convenient as using butane gas, 

tLouph iii iili cases, proper precautions such as adequate ventilation 

shouldt be ob:;ervcd. fliogas contains a minute amount of hydrogen 

suphide, wlich is not only posionous but is also a nuisance because 

of ita corr'odi,- actieri on eng-ines and gas taps, especially those 

that cnira in l-i. Hy.rogen sulphide is characterised by its rotten 

egg oiour and :hould not be inhaled unnecessarily: Above lOppm, it 

starts to irrititte the eyes and above 2Oppmi, the lungs and mucous 

mmtrane:;, and above 6 00pp,, death my occur. "'nfortunately, olfactory 

(sen e of srull) fatigue develops after prolonged exposure to the 

gas and its dan~ero;z prusenceu iay not be detected. 

S3ubH.z Ltr:~~with hijjh amount of sulphur generate biogas with more 

hydroget, --;,ij[hide. The percefitage of [2: generated from cattle dung 

in Nepal i: below 0.001. tested wiLh the lead acetate method. The 

ar ount. :Aiorrld not eceed 0.07/ by volume when used for ongines, or 

el-.(,- it h:as tu be scrubbed. 



Powdered hydrated ferric ovide (rusti reacts readily with 

hydrogen :ulphidd f',r na, f ivde suIp)ide. Upon exposure to 

at',oslhuric oxygerI, feIric oxide in. nyenerated; this reaction is 

very vkoroi. wilt. tXI,'hiuhs heat guhur:tion and admittance of 

air nhoI be controlled cir;vul:. 

2 - 3 ! s-- Fu 2 j; + 3 1120 

2 e2 S) 302, Q2F 93 6 " 

Wet scrubbing cau A,: u ,md, 3 vulwures of ]i S in 1 volume 

of water at, nrno atmosphere and 20C. Carboa dioxide is also jartially 

l.i wd, 
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Chapter 3. THE EFFECT OF OPERATIONAL PARAV4ETERS ON SYSTEM DYNAMICS
 

3.1 The purpose of modeling
 

In order to enhance the performance of a biogas process and to 
prevent process failure, kinetic study of the dynamic behaviour 
of the system is indispensable. A common tool in kinetic study is 
the construction of mathematical models for describing the system's 
characteristics. Successful models enhance understandingof system 
behaviour by shedding light on the role and ieactions of various 
operational parameters for the process. By adjusting the parameters, 
control of the process and prediction of system behaviour under 
differeint sets of conditions can be achieved accordingly. This 
ultimately leads to improvement of plant design and refinement of 
operational practices. 

A model should reflect tne essential features of the real procers,

but not be bogged cown by trivial details. It should also be tested
 
against real data. So far most good kinetic data have been generated

from bench-scale reactors and pilot plants in researon stations 
under carefully controlled environments. ield data, if existent,
usually co not lend themselves readily to analysis. True, tests on gas
plante operating 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 mois;ure content of substrate (eg. animal 
dung) vary from month to month and a true steady state of the system 
can never be acnlieved. Moreover, input quantitien of dung and water 
are not measured out as exactly in the field as in research laborat, 
cries. All tnese factors together contribute to a greater degree of
 
randomness in the data.
 

A simulation model on anaerobic digestion has been developei
by Graef and Andrews for fine process control (1974). In our study 
of gas plaritoperation under field conditions in Nepal, wherc 
sophisticated facilities are lacking and feedback is minimal, 
it is more practical to use a less 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 sectionn simple models for various plant types 
will be discussed.
 

3.2 Parameters Affecting Gas Output
 

In the literature, gas 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 sometimes quite
misleading. Since output is dependent on numerous factors, such as 
temperature, retention time, input quality, concentration of oubet­
rate, slurry water content, pressure, pH and digester volume, it is 
crucial to specify the conditions and Bubjeci them to the same frame 
of reference before meaningful comparisons of dive sified substrates 
can be made. If animal dung is used as feedatook, one must take into 
account its moisture content, which varies for different animal 
species and period of exposure after defecation. In a hot climate
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of low relative humidityr dehydration of dung occurs rapidly, esp­ecially under sunlight, The same applies to plant feedstocks whichvary in water content and digestibility at different stages of

rzturi ty.
 

2i. 3 Modelling the Dynamilcs of Varioue Reactor Systems 
Biogas aystems encountered in research stations, laboratories or inthe field usually adopt one of the following basic designs: 
1. Batch Reactor ­ from which nothing is removed (except gaseous
products) and 
to which nothing is added after the initial
 

inoculation of medium.
 
2. Completely Mixed Continuous Stirred Tank Reactor (CSTR) ­ also
known ac 
Chemoutat, to which substrates, and possibly oells, are
continuously fed and from which effluent is constantly removed,
 
3. Semi-continuous Mixed Reactor ­ similar to CSTR, except that
suistrate is fed at intervals and mixing may be intermittent.
 
4. Plug Flow Tubular Reactor (PYTR) - a 1onqudinal or pipe-likereactor to which feed is fed and effluent is removed continuous.­ly. In the ideal case, there is no variation of axial velocity
over each cross-section. Ideal plug flow can be approximated bythe movement of fluid through large pipes or channels. At eachplane of the channel, fluid moves at constant velocity with nomixing or interaction with fluid in the neighbouring plane.
5. Horizontal Displacement Reactor the- a modified version ofPFTR that allows mixing by displacement of slurry between
digester and outlet pit. Input is semi-continuous. exampleAn 

is the Tunel design. 
6. Fixed Film Reactor or Anaerobic Filter 
- a vertical reactor
filled with supporting material which has a large surface area
for the adherance of bacterial fJ.lms. 
The substrate is pumped
either up 
or down; agitation is eliminated; and it is moreapplicable to dilute non-particulate substrates (see Ch. 2.4). 

Modelling of the Batch Process
 
At the end of a lag period (where t ­ t ), the rate of dieappeiarance
of the oubstrate is proportional to its0 concentration: 

kS. 
 (See Tableda - 3 .1 for notation.)
Integrating, with 
 S - S at t to 

-O ek(t.-to)
 

At the end of the Retention Period R 
S - So e-k(R-to). 

The substrate converted between 
the time: t-1 and t is:
 

S t-1 " 8t a S"0o [e-k( t-to)j k !)e 

This value, the daily amount of substrate converted, is variable anddl*Pftdant 
on tbeing smaller as time increases (Figure 3 .1) 

The gas produced daily (between t-1 and t) is:
 

G = C1 C2 f (St-1 _ St) V 

" 1 0 f V oLek(t'to0( -
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'U 

Ig I ne Time (t) 

Figure 
3.1 Batch Process: Substrate Concent2?ation vs. Time
 

Modelling of the CSTR Process 
At steady state, the substrate concentration S in the reactor is 
Constant and equal to that in the effluent (Figure 3.2). 

Doing a mass balance on the aubatrate in the reactor: 
Mass in - Mass out a Mass converted in the reactor: 

F (s o - Se). kSV -k.eV,
 
or: So -Se - kSeR, since R ­

*• "0 S 
e T ' "" 

Rate of Gas Production (G) CI C2 f (S - Se? F
 

CI0C02 f VS kc 

.0a 

5e=S =S oso 
2
 

LUu 

Time (t) 

Figuro 3 .2 
CSTR and Semi-CSTR: Substrate Concentration in
 
effluent vs.Time.
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Symbol 	 Meaning Units 
-
[s	 Initial Concentration of Substrate: in food for kg.m 3
 o 


batch processes, in influent for continuous
 

processes.
 
So Subetrate Concentration in Effluent kg.m- 3
 

S Substrate Concentration in Reactor kg.m "3 

R Hydraulic retention time day 
F Flow Rate of contents in Reactor m3.day "I 

V Working Volume of Reactor m3 

4 Volatile of (organic matter kgSolid Content Substrate 

f fraction of Volatile 
Solids in Substrate=1-ash frac ion -

G Rate of Gas P;:oduction (usually at STP) m3.day" 
CI 	 Gai Output per Unit Mas of Digostable (VS) m3,kg "I 

C2 	 Pr;a'tior, of digEmstiole volatile solid in substrate ­

p 	 laterval 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 Sbmi-continuous procoss combines features of both continuous and
batch reactors. Substrate is fed at intervals p , and for simplicity
mixing is assumed to be accompliahzd instantaneously. At steady state,
substrate concentration in the effluent Is constant (Figure 
 3.2), but
the concentration S inside the reactor fluctuates with time (Figure3.3). 

S is highest immediately after input, denoted: 
 Sa
 
S is lowest right before input, denoted: Sb
 
Let the amount of input at each period be: 
 V0
 
Retention Time: R a V / Yo or: Vo ­

po 

Input Input 

U 
C 

Se =Sb
 

Figure 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 V0 and of
 
oonceotration Se a Sb ia displaced from the outlet, before it has
 
a chance to mix with the incoming fresh substrate.
 
After mixing of the influent with the reactor slurry, each having
 
substrate concentration S0 and Sb and volume V and (V - V )
 
respectively, the result.nt concentration of the mixture is:
 

s a r' o -	 + S (.1 - ) *so (1)

V 	 R R 

After each input, however, fermentation proceeds batchwise and Sb
 

is related to Sa by the batch equation: 

Sb 0 Sa e-kP ... (2) 

Solving for Sb from (1) and (2) gives:
 

SY i V 0 ( 2 ) 
e - 1 + R .. (3) 

Usually when the period p 
is small compared to the retention time
 
R, the expression (3) for Sb can be simplified.
 

p << R is equivalant to R- 0 ; Since R is finite, p-Q
 

Sk- 1
lim S b .lim so-

p-.O p-O ( 

Applying L'B6pital's rule to lim ( e k p 1- ) gives k, 
p- O p
 

and lim S = -S So-

p>O (k +0) R I + kR
 

This gives the same substrate concentration as in the effluent from
 
a CSTR. Therefore if the retention time is long compared to the

feeding interval p , a semi-continuous process can be approximated

by a continuous one. 

Rate of Gas Production, G:
 

G - C1 02 f ( SO-e.) V C2 f V SO.
 
R R +
 

Again, as 	2-)0, G - - C2 f V k

R 1 + .kp
 

Modelling 	of the PFTR Process
 
A plug flow process can be visualised as a batch process 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 substrate concentration (Figure 3.4) is identical to that of
 
a batch (Figure 3.1). 

t and 1 are related by the relationship: 

t 1 R where L is the total working length of the
 

tubular reactor.
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Ui) 

Length of Reactor (I) 

Figure 3 .4 Plug Flow Reactor: Substrate Concentration vs. Length
 

At steady state, effluent substrate concentration S , is constant 
and is .given by:
 

S0 e - k R S = 

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:
 

G CO 2 f (,.o-=e-) V 
f - k R )C V SO e01(] (-1 2 
 0R
 

R 

Modelling of the Semi-continuous Plug Flow Reactor
 
Derivation is the same as that for the PFTR, as long as there is no
 
mixing of fresh substrate with the reactor contents.
 

4 The Effect of letention Time
 

In the optimisation of a biogas process, differentiation between rate
 
and efficiency is important. Both are intimately related to retention 
time, and in 
a process, one but not both, can be maximised. Rate of
 
substrate conversion and rate of gas production are proportional and
 
either can be used to specify the rate of the process.
 

Specific Gas Production Rate: g = G 0 f ( So-.is)
0.1 2 T_ 

Substrate Conversion Rate: r = o Se- per unit reactor 
• " volume
 

The rates: g and r are therefore related by the constants:
 

CI C2 f which depend only on the nature of the substrate.
 

Dilution rate D and retention time R are related by:

I
 

D -


It can be shown by kinetic analysis that as D increases or R

decreases, conversion increases a maximum israte until reached; 
after that, for a further increase in D, a precipitous drop in
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th* rate follows, plummeting to zero as wash-out occurs (Figure 3.6)
 
Ths efficiency of substrate conversion can be represented by gas
 
pro6uctonper unit volatile solid:
 

daily gas production Q 
g dajy Si SoGR C Sf(: S )~ 

o 	 0 
V V fVS t 

So: g' - f ( Sf e)C1 C2 
0
 

Substrate conversion effioiency: , ie defihed by:
 

E S -S-Se 

0 

Thus: g' - C1 C2 f E and g' and E are related by the 

constants: C C f
*1 2 S 

-For the CSTR and its approximatioIns: S 

Substituting for Se: E - 1 -1iR and as R--0O, 

Therefore, the higher the retention tjme, the grehtir the efficiency;

but then substrate conversion rate is traded off in favour of effic­
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 

x 30.3°C
rT 0 "07 + 2 7"5 C X3 	 - O,.. 24.40C X 	 3.° 

0"06 £ 20.30C 	 _5*C 

~0.05-	 + 0 + • 2e+ 

t0.02
 

0 10 20 30 40 50 60 70 60 90 ibh5610 IPO 130 1.0 15
 
Retention Time (R), days
 

Figure 3 .5 Gas Output 	per unit VolutiJe Solids Input
 
we° Retention Time.
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maximum gas output rate, more of.the substrate can be consumed (ie.

the efficiency can be increased) by extending the retention time.
 
As an illustration, the gas output (at standard temperature and
 
pressure) per kilogram of volatile solids in buffalo dung is given in
 
Figure 3 .5 for different tempertures. The data were collected from
 
semi-continuously fed biogas plants (of the steel drum, concrete dome
and tunnel designs) operated for a period of two years. As retention
 
increases, gas production per unit volatile solids 
and consequently

efficiency tend to level off asymptotically.
 

In Figure 3 .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 r8actor v~lume. The cur yes for
different temperatures, ranging from 20 C to 30 C are convex, reaching
maximum at their respective retention time 
 It-x . The curves 
slope gently beyond the maximum, as retention time exceeds Rmax*
On the other side of the maxima, however, the curven drop
prccipitously, signifying wash-out of the microfiora. At the temperature
 
range shown on the graph, Rmax oncurs between 20 and 30 days. At
 
higher temperatures, R_,_ is lower, so the plant 
can be opex.tted
 

:5,ynbg 

S30-10C 
* 275 0C 

1 o 2440C 
.~ ~20C 
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Figure 3.6 Rate of Gas Production v, Retention Time
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at a lower retention time.
 
The data points obtained from the field trials all lie on the gentle 
slopes of tne graph. The reason is that, for operation of plants in 
villages, the adoption of a retention time close to the
 
rnA&murn is not advisable, since a decrease in temperature can

shift Rmax to the right, resulting in a wash-out.
 

3.5 The Effect of' Temperature
 
The reaction rate of a biogas process is strongly dependant on temp­
erature. The relation can he described using the Arrhenius equation:
 

k - A exp( -Eact)
 
where: k is the reaction rate constant,
 

A is the frequency factor, a constant for the reaction,
 
Eac t is the activation Fiergy,
 
R is the Gas Constant (- 8314 J8 ules.kg.mole 1 .°i' 1 ),

T is the Absolute Temperature (K).
 

This equation can be transformed to:
 

~n(k) -=act + in(A)
 

1
A plot of ln(k) against Y will give a straight line with slope: -E
lact 
and intercept: in(A). These constants can therefore be determined 
experimentally by measuring k at different tempertures. 
For a biological systemstraight-line-relationahip holds as long as the 
temperature is within the normal range that can be tolerated by the 
system. At high temperatures, danaturation of proteins and enzymes and 
eventually death of cells will occur.
 
Micro-organisms can be roughly divided into three catagories according
 
to their temperature preferences:
 

Psychrophilic (cold loving) organisms ua4ally have ther optimum

growth tempertures below 150C, and may still grow at 2 C, but at
 
a much slower rate.
 
Me~ophileo gmiddlo loving) have their temperature optima between
 
20 C and 40 C; most biogas plants are operated in the mesophilio
 
range.
 
Thermoph;Ies (heat loving) usually have their temperature optima
 
above 45 C.
 

If the interval between feeding is short compared to the retention time 
R , the semi-continuous mixed process can be described by the equation: 

G W C C2 f V Sk from section 3.3
1 +kR 
Rearranging to determine C1C2 and k:
 

R a CI C f S - 1 

R and So are adjustable parameters in the process and the dependent

variable G , the daily gas production,can be measured experimental­
ly. The fracion of volatile solids or organic matter f , can be
 
obtained by ashing the substrate at high temperature. The product of
 
the two unknown constants: C and 02 and the kinetic constant: k
 
can therefore be found from gas production measurements by

plotting a graph of R verses the variable f __1 The slope gives

CIC 2 and the intercept (. 1). G
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Figure 3.7 Plot of Kinetic Data as a Straight line Graph 

Data ware recorded for various types of biogae plants, operated over
 
a period of two years and plots were made for 4 temperatures of the

above variables. The value of 
 .V , was taken to be the mean ,slurry
volume for displacement digesters, where the slurry volume vries with
the volue of gas etored. The plots were made or 30.1, 27.5, 24.4, 

and 20.3 C and the least squares method was used in obtaining the
regression equations and unknowns: 
 C1C2 and k. The results are shown

in Table 15.2 and plotted in Figure 3.7. 

T C C2 k r f Regression Equation(0C) (m3 " I/kg dVS) (day )
 

30.1 0.45 0.052 
 0.95 0.73 R - 0.33 X - 19.34 
27.5 0.31 0.044 0.90 0.74 R - 0.23 X - 22.73
 
L44 0.25 0.036 0.91 C.61 R - 0.15 X - 27.78
 

0. .31 0.022 0.88 0.74 R - 0.23 X - 45.45 
Table 3.2 Regression Analysis of Kinetic Data from Field Plants 

X V
 
f is obtained from ashing dung at 55000 for 4 hours. 

The correlation coefficient r is high in all cases and the model,

though simple, can be used to explain the relationship of the rate of
 
gas production and the other factors in most cases.
1 
When ln(k) is plotted against . , a st:aight line regression is 
obtained: Figure 3.8. 
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The correlation coefficient r is very high (0.99), showing the 
strong relationship between the reaction rate consqtant k and 
temperature T .
 

In the southern plains (the Terai) of N~pal, a decrease in digester0 
temperature from a summer maximum of 31 C to a winter minimum of 20 C 
can cause a reduction of k by 60% and a roduction of daily gas 
output by 30% to 50%. 
NotFeha te values of C010 or in factO depend on temperature

andg the athe feed. The higher te lignin content in the
 

feed, thelo e fractin of digestible volatile solids since
 

lignin is hard-ly decomposed anaerobically. The quality of the f~ed

varies all year round, being poorest during the dry season when the
 
animals feed on straw or whatever scrubby vegetation that is left.
 
Thus the values of C C shown in Table 3.2 appear to have no obvious 
relationship with temperature.
 

hon abe3. apartohvenooviu
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3.6 The effect of moisture content in slurry
 

There has been much speculation on the effect of thick Z!Urry (high
 
total oolids or low moisture content) on gasoutput. Experimente
 
performed in India on batch systems ranging from 5% to 12% initial tctal 
molide.- showed that total gas output (ovor a period of 4 weeks) is
 
maximum between 7% and 9% solids (Idnani et el, 1974). Bslow 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 Taexmentation and the corresponding
 
high viscosity prevented rapid evolution of gas,
 

In another study, methane production from mesophilic anaerobic
 
fermentation proceeded relatively uninhibited at high solids content
 
below 30%. In fact, the rate of conversion and efficiency were about
 
equal at 10% and 20% initial solids. Neither the rate nor the efficiency
 
were significantly 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-solid or high solid batch
 
fermentation for methane generation by the Jewell group. Since more
 
gas is produced per unit volume, a smaller reactor ig 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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Ia investigating the effect of mnisture content on gas output for the
3 typen of seei-continuously 
 fed plants (Drum, Dome, and Tunnel), kinetic
 
data were celected and analysed as shown in the preceeding sections
 
where by regression, the st_ of daily gas production, Gest, was found: 

Gost = C1 02 f V So k/ (1+ kR) 

This estimate, Goat, deviatis feom the actual gas production, G, both givenat SIP. It is the purpose of our analysis here to determine whether the deviation 
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 experiments, the
moisture content in the slurry is 1 to 2'j less that inthan the influent.
Because of incoLaplete mixing inside the digester, it is convenient and adequate
 
to use So as an indicator of moisture content of digester slurry.
 

The deviation of G as measured, from its estimate Gest as calculated fromthe regression equation, can be due to the effect of slurry moisture content,
randomness, or other unknown factors. If moisture content alone causes any

appreciable effect, G may be expressed in the form:
 

G = C1 C2 f " So k/ (1 + kR) x f(S o ) 
= Gest x t,30) where f(So) is some meaningful function of So . 

This gives f(so) = G/Geat 

Another likely possibility for the relationship between G and Gest is: 
G = Gest - g(So) where g(So) is some meaningful function of Se. 

This gives g(S.) = Gest - G 

An intelligent guess of the shapes of f(So) and g(50 ) versus So is given
below. They are exponentyl functions within a certain range of SO, and con­
ceivably they vary with temperature. 

9(8so 

Thus, if slurry moisture content exerts appreciable effect on gas production,

we might be able to determine f(So) or g(So) for different temperatures, by

plotting G/Gest versus So and G-Ge t versus So. The graphs for the four tempera­tures ranging from 20 to 30 0C are lepicted in Fig. 3.9 and 3.10. Using curvili­
near regression on the data points, the regression equation for each temperature,
the corresponding correlaticn 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(S 
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At 30.10, 	the exponential regression equation for g(So) is;
 
g(So) = 0.793 x 1.004So - 1
 

r = 0.58 non-significant at the 5% level (d.f. = 7) 

The regression equation for f(S ) is:
 o

s ° 

f(So ) = 1.14 x 1.002­

r - 0.66 just non-significant at the 5%level (d.f. = 7) 

At 20.30C, regression analysis gives 

g(S o ) = 0.624 x 1.005So - 1 with r = 0.39, non-significant at 5%. 

f(S o ) 1.245 x 1.0025- S°  with r = 0.40, non-significant at 5%. 

For the other temperatures 24.4 and 27.5 C, the correlation coefficients for 
both g(S ) and f(S ) were even lower (as obvious from Fig. 3.9 & 3.10) and 
not worth reporting. 

The highest correlation occurs at 30.1 0 0. It appears that G/Gast = f(S0 ) 
give a better description of the relationship since r (0.66) is higher than 
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that of the equation g(So) = Ge - G. However, it Ull does not (barely) sake
the 5% significance test. Even !i it does, 56% (1-rl in %) of the variation of 
G/Gest cannot be explainei by its relation with SO. 

In athbr words, at the. influent mcisture content between 6 to 14.5%, and 
temperaturae range 20 - 300 c, the deviation of G from Gest 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 parameters,
such as daily random fluctuation in substrate and water input, dung dry-matter, 
and digester temperature. 

In the Steel Drum, Concrete Done, and Tunnel designs of biogas plants, move­
ment of slurry caused by semi-continuous feeding, and in particular, by displacement
of slurry in the latter two designs, probably fecilitate the evolution of gas 
bubbles in the slurry. This would make the effect of slurry thickness les 
pronounced. 

3.7 The Effect of Pressure
 

The effect of pressure is two-fold: it can alter the composition as 
well as the total output of biofas. Carbon dioxide is soluble in water readily
while methane is not. At high pressure, the solubility of cafbon dioxide 
increases proportionally riuch more than *iaat of methane, with the consequence 
that the gas will contain a higher percentage of methane. 

It was postulated that given the same conditions, drum hype plants,
which opera'W at a lower pressure (between 60 and 90 kg/m or mm Water 
Guage) would deliver more gas than a displacement type plant, the pressure 
of which is variable up to 1200 mm WG. 

How high does the pressure has to get before it can exert substantial
 
effect?
 

3.15
 



Teate were performed at different times on displacement type plant. In 
the first experiment with a tunnel plant, gas was allowed to accumulafe 
for one day before being released for measurement. In this way, pressere 
could build up to as high as 1100 mm (WG). This was compared with the 
gas production from the plant when it was measured twice daily, 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 gas produced would run through the meter and pressure
would not build up above 40 mm WG). This result was compared with the 
gas production when measurements were made twice daily. The results are 
given in Table 3.3. Interestingly, pressure within the testing range

has negligible effect on gas output.
 

Plant Type Gas Measure,.ent Pressure T mp. Gas Prod. No. 
(mm WG) (8C) (m3 Reads 

Tunnel Once daily Variable 20.5 1.53 2 
nax: 1100 

Twice daily Variable 20.5 1.63 2 
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 Fixed 24.5 1.67 6 
max: 40 

Table 3.3 Effect of Gas Pressure on Gas Output
 

According to ;,,e study in Egypt (El-Hal%-.1ge, 1980), as operating 
pressure was elevated, the percentage of carboa dioxide decreased 
while that of methane increased, reaching a value of 75% methane at 
a constant pressure of 37Jmm (WG). There was also a concomitant decrease 
in total output of gas, but the total methane output was hardly altered,

On the other hand, our experimT-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 these 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 consumption,

dissolved gas in the slurry is also released and the resultant average
 
gas composition would turn out to be similar to that of low pressure

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 Discusision of Results
 

Field tests on the three types of semi-continuously fed biogas
 

plants (drum, dome,and tunnel) built in Nepal indicate little diffe­

rence In their kinetic behaviour. This result is unexpected as they
 

differ in their positions relative to ground level, in the digester
 

configaratio- uid in the mechanism of slurry displacement (used
 
in the some and tunnel types, but not the drum), These factors
 
should exert considerable effects on slurry agitation and 
mixing. Lacking the displacement mechanism, the drum plant
 
has the least amount of mixing, although some manual mixing
 

is often sone, by rotating the drum. In the tunnel plant, mixing
 

by displacement is limited by its Longitudinal shape, so that thore 
are obvious gradients of the percentages of methane, carbon dioxide, 
hydrogen and gas output along the entire length of the plwnt (Figure 
5,11). Temperature graclients in the slurry and daily inflow of feed 
also contribute to mixing, but it is far from uniform in any of these
 

designs. Despite the apparent incongruity, however, analysis indicates 
that all three processes can be described by a simple unifying model ­
that for a OSTR - provided that the retention time greatly exceeds the 
feeding interval. The intrinsic differences between the three processes 
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 steady state by
 
the process. However, owing to seasonal fluctuations in temperature 

and dung dry matter content, the systems can at best attain only
 

quasi steady state. To taka this into account, refinement of the model
 

is possible (by careful daily monitoring of varioue parameters and 
computer simulation). For 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 of each parameter: 

Ph: when the process is it full swing, the slurry produces its 
own buffer to maintain the pHl between 6.5 and 7.0. Adjustment is 
not necessary, unless the phi drops below 6.5, indicating imbalance 
in the process. 

Variable High Pressure: variations up to 1200 mm (WG) appear to 
have little influence on total gas output or methane content. 

Solid or dry matter content: variations between 6 to 14.5% in 
the feed (or 5 to 13% in the slurry) do not reard the evolution of
 
gas from the slurry. However, to facilitate flow and mixing in a
 
semi-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 decrease bg 60% an 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 larger plant, 
but to economies on construction cost, digester temperature should be 

maintained at at least 2500 throughout the year (see Vol. 1 Ch. 10
 

and Vol. 2 Ch. 6).
 



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 (Rmax) depending on the temperature and the
 
nature of the substrate (Figures 3.5 and 3.6). The higher
the temperature, the smaller is R : being 15 to 20 days at 3000 
and 36 to 35 days at 20 C. max Operation at a retention time 
equal to Rmax is conceivably ideal, but it is also precarious. A drop
in temperature will shift Rmax to the right, causing a 
sharp drop in gas production rate and possibly a washout. 
Total washout will not occur when cattle dung is used as a substrate,
 
as methanogens are always present. However, at high dilutions, these
 
slow growing organisms would be unable to proliferate.
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Figure 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 gas0output for a drum 
type biogas plant with 7.1 m
 

digester volume at 25 0, 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) First find the retention time: R
 
Di ester Working Volume V
 

R D- y nput Volu4 me
 
The density of the slurry is about 1 kg/litre.
 

Input volume - 60 : 2 = 120 litres,
 

R = 71x10 = 59.2 days. rg
 

b) From the graph 3 6 , the rate of gas production can be read from
 

the interpolated curve at 25 C: A
 

At R = 59.2 days:
 
" 
-
rg = 3.0 x 10 3 m3.kg(VS)'1 .day at 25 C.
 

c) The daily gas production G is given by:
 

g 0 Substrate Input (kg) x Dry Matter () 1 
where S 2Total Input Volume (litres) x 10 ...(2) 

"5
60 x 20 x 10 kg.m = 100 kg.m-3 

f = 0.74 for dung from grass-fed ruminants, 

Thus: G = r S0 V f = 3.Ox 10-3 x 100 x 7.1 x 0.74 
= 1.58 m3 gas (STV/day or 

3
1.72 m gas dt 25 C.
 
3
 

rg = 5.6 x 10-

At 300C, the same calculations would give: 


and G - 2.95 m3 gas (STP) / day.
 

If the influent dsy-matter is increased from 100 to 130 kg.m

7.1 x (less water Ls ted, but dung 

92.3 = 76.9 days, input remaltns unehangea) 

rg = 2.55 x310 at 2500 and
 
3
G - 1.74 m gas (sTP)/ day. 

Thus, vhen ; thidc<er slurry is used, the retenton time 'tS longer and 
more gag LS produced. 

2. A smaller plant can actually be built to yield the same amount of
 
3 
gas 1.58 m daily, at 2500 by using a higher dry matter content in
 

3
the tiifluent, say: So = 130 kg.m- (13% dry matter).
 

Assuming only 60 kg dung is available:
 

Total input = 60 x 20 x 10 using formula (2),
 
130 3 3 

- 3 3 .
 = 92.3 kg or 92.3 x 10 m


Now r is a function of R , say f(R):
 

r .158 = f(R) using formula (1).g 130 x V x 0.740.178Since V v 92.3 x 10" xR rg f(R) - .7
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R can be solved graphically from this equation by plotting the
 
curve Y = 0. on the same graph and finding the intersection
 

with the 25 °C r curve. 
The curves g intersect at R = 58 days and V = 5.4 m3 . 
Alternatively, the graph r = f(R) can be estimated by regression 
analysis and R can be g solved numerically. 
By increasing the dry matter content of the influent, the retention 
time is reguced from3 59 to 58 days, the digester volume is reduced
from 7.1 m to 5. 4 mIand water for mixing is saved, S is increased 
from 100 to 130 kg.m-ar 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 economised.
 

3. Now 1.53m3 (STP) of gas is not usually enough for the daily consun­
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 recurrinfg cost of
 
dung is relatively insignificant in affecting the economics of
 
the biogas plant. However, in practice, gobar is a limiting fac tor
 
in most village situations.
 

Now, given a daily gas requirement G, to meet this requirement,
 
Daily gas production G = rg x S. x f x V = f(R) x So x f x V 

= f( V x 103 x S o ) x S0 x f x V 

W x DMg 

where W9 is the dung input in kilogrammes and DM its dry matter
 
content in % (20% in this calculation).

Dung input Wg and digester volume V are the two independent variables
 
that can be manipulated. 
Consider the two situations:
 

a) 	 If the availability of dung is unlimited, one would build the 
smallest size of bio as plant that could deliver the required 
daily volume of gas (say 2.8 mrnat STP) at the lowest temperature 
of operation. 

If the plant can be maintained at or above 25°U throughout the 
year, the maximum rate of gas production is:
 

- 3 1
4.5 x 10 M3 .kg<VS)-1.day- at R days.
 
Applying formula (1): '= G
 

So f rg 



2.8130 x 0.74 x 4.5 x 10- 3 

6.5 m3 (minimum digester volume) 
The amount of input would be:
 

VF - = 260 litres/day
 
adW R F S 260 x 130.


andW = 10 =IO 2 0 = 169 litres/day(169 kg/day). 
If the plant can be maintained at 300C throughout the year:
 

rg = 6 .?5x 10 at R 20 days-- 3 
when rg is maximum 

V = 4.3m3 , total input = 2]5 litres/day, dung = 140kg/day,
If a retention time of SO days is used r = 6 x 10-3: (30-C) 

V 
 4.85m3 , total input = 97 litres/day, dung = 63 kg.
Since the difference in the volume of notthe plant is great, thelower dung input would be prefered.

b) 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 S
the calculation proceeds as in 2: 

= 130 kg.r"3 

r 2.8 2.8
 g = 0X .74_xV =130 x 0.74 x R x 92.3 x 104 3 

R- o.2 =F(R).-
Solving for R graphically gives:
 

at 250C R = 135 days and V 135 x 92.3 x 10- 3= 12.5 m3.at 300C R = 55 days and V = 55 x 92.3 x 10-3 = 5:1 m .
Therefore if the plant can3 be maintained at 300C all the year round,a digeeter volume of 5.1 m is sufficient. 
However, if only 25 C
 3can be maintained, thV 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.
 

TemR. Di ester3 Vol. Mass Dung 
 Ret. Time Gas Output3
T) (V) "3 (W), kg (R), daysa. 25 (G) In3­6.5 
 169 25 2.8 
30 4.3 140 2.820b. 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 ­ digester volume smallest and 
r maximum.
b. Substrate limiting (60kg gobar/day) g
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Appendix to Pig. 3.7'
 

For each temperature, the type of plants and the number of readings are given
 

in ascending order of dL,.ta points along the x-axis.
 

30.1OG Plant type 

No. readings 

C 

19 

S 

6 

S 

6 

C 

24 

T 

19 

S 

23 

T 

25 

S 

13 

C 

12 

27.5 Plant type 

No. readings 

G 

13 

T 

10 

C 

13 

S 

10 

S 

4 

S 

3 

S 

12 

T 

13 

T 

15 

24.4 Plant type 

No. reading3 

S 

2 

T 

18 

G 

6 

C 

7 

C 

28 

S 

2 

S 

2 

20.3 Plant type 

No. rea 'ings 

S 

2 

S 

2 

S 

3 

C 

37 

S 

17 

C 

24 

C 

11 

The codes are: S -

C -

T -

Steel Dru

Concrete 

Twmnel 

m 

Doe 
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Chapter 4. EXPERIMENTAL APPROACH TC BIOGAS TECHNOLO D. M1foi4 

The initial biogas extension programme in Nepal was based 
on tne
 
standard KVIC steel drum design of biogas plant (ESCAP). Several
 
design weaknesses were quickly discovered in the 
course of the
 
construction of the first 95 plants by DCS in 1974/5 for 
farmers in

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 the top of the drum became brittle
 
after a few months in the strong sunlight and had 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 olants 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 b3 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


sign only became a problem where the water table was high. These
 
1cwo 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 testing 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

work well in the severe economic and environmental conditions in
 
Nepal.
 

Follow-up
 
The first 95 biogas plants built by DCS were visited 3 times by DCS

research staff (Finlay). 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 cf 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 tae 95 main gas valves, which were gate valves, were broken
 
because the farmers tended to 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 feeding with too little dung, were also noted and 
the
 
correct proceedures expiained to the farmers.
 

One major problem revealed by 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 iinous
 
paint (high build black). This reduced the rate of corrosion, but did
 
not eliminate it.
 

Adaptive Research on Gas Storage Systems
 
Several attempt8 were made to develop a floating gas drum made from a

material other than steel. 
A drum made from high density polyethylene
sheet (3 mm), hot air welded together, was made for DCS by a company
sq:illed in the process. The drum was damaged in transit, and cracked
 
again, while in use after being repaired. HDPE tends to flex when it
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Lr.e 'lrum was nade 
the 

by welding two sneets in dirfferent Planes togetner,
assheets cracked they attempted to flex in differerit 'lirections.This drum was more expensive than steel. nlquiries about tne cost ofdrums made from glass fibre bonded with polyester or epoxy resinssuggested that this type of drum would also be more expensive than asteel one for a customer in nTepal.
 

Another approach was to use a floating drum 
 made from ferrocement(Raman, Fulford): a sand/cement mortar (25 mm thick) reinforced withwire mesh. The first design that was made: a hemispherical shape(Figure 4.1) 
proved to be the strongest and most successful. Other,
squarer shapes tended to 
crack ,more easily, especially near thecorners, where stresses are 
concentrated. One very interesting design,
which unfortunately did not work, used a trarezoidal gas container,
which was hinged at one end (Figure 4.2). It 
 proved difficult 'o seal
the cor.era 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 hoist were required to lift them over the
digester pits. Lifting and transporting these drums put 
severe strains
on the ferrocement walls and Heeral cracked before they could be 
used.
 
Another problem was the sealing of the inside of the cement structures
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 work, but it was difficult 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 in an enclosed space, such as inside a gas drum.
Labcurers were quickly affected by the fumes and could work only for 
short periods. 
The alterniative designs of gas holders were made for farmers in the 
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Figure 4.1 A Design of Hemispnerical Ferrocement Gas Holder.
 



Figure 4.2 Hinged Trapizoidal Ferrocement Gas Holder. 

field. The customer was told of the experimental nature of the designand usually paid a reduced price for the plant. They were not at all
happy if the experimental design fThiled, 
as most of them did. Usually

the ferrocement drum w'anreplaced 
 ith one made from steel, at DOS
 expense. 1n one place, , whole new conventional biogas plant had to
be built. In anoather 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 an approach was not helpful t;o the rc'ptation of biogas technology
in Nepal. Although new designs mus t be fiel.d tested, they should befirst tested at a prototype level, before being offered to customers..A test site was therefore Bet up, where futher prototype designs ofbiogas plant could be built and thoroughly tested before field tests
 
were started.
 

Displacement Type Biogas Plants
 
Alongside the attempts to make 
a floating gas holder from ferrtocement,

consideration was also given to the idea of a fixed gas storage
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 gav'c many problems: the

slurry in the large reservoir tended to dry out in the sun,
and- usal(adardcdpiefr1h eenta or became
ln.Te l
diluted when it rained. 
The use of a plastic tent 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. Internal gas pressure liftedthe roof slightly, so it flexed at the corners and cracked the cement 
plaster seal. 
The design of biogas plant that eventually proved successful when testedby DCS, was based on the dome shaped displacement digesters, also

developed in China (SPaIBD, van Buren). The first was 
built of brick
 
masonry, including a brick dome, 
but it proved expensive (Fulford).
The use of a concrete dome cast in-place over a mud mould was adopted
as the standard DOS design (see Volume I, Chapter 3 for full technical
details).
 

The seal. ;5of the concrete continued to be a problem. Bitumen spread
over the uurface of the dome tended to form pin holes, if the concrete
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Figure 4.3 Flat Roofed Displacement Digester.
 

was even 
slightly damp. Eventually the idea of 
a plastio emulsion
oainl, was tested (Chen). Advice from paint manufacturers (Indofil)
sugge'sted that acrylic paint was more stable than vinyl emulsion in
a damp atmosphere. A locally available acrylic emulsion paint has now
been-used very successfully in 
over 550 dome type biogas plants. As
 an emulsion in water, does give off strong andit not smelling toxicfumes. 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
 
appl! ed.
 

Field Testing of Dome Plants.
 
Once the prototype dome plant worked on 
a test site, DCS was able to
make careful plans for the field testing of this design, based on our
previous experience. 12 plants were used as test sample, built for
customers 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 aside a 100%
guarantee fund for each of these plants, 8o 
that failures could be
put righIC quickly, if they occured. Several members )' 
staff from the
Gobar Gas Company helped in the building of these plants, so they could
 
be trained.
 
Two follow-up visits were made to these plants by research staff, as
well as 
the normal regular visits by the Gobar Gas Company extension
staff (Shrestha, Devkota). The second visit also included 11 
plants
built by the Gobar Gas Company on a normal commercial basis (with a7% guarantee charge, paid by the customer). All the olants were workingwell and there were no signs of leaking or cracking in the domes. The
major problems were leaking from the main gas valves, which were not
designed 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 was not overflowing from the plant in the
volumes it same
 was put in. While the plaster lining of the dome was gas
tight, due to the plastic emulsion, the plaster lining of the other 
parts of the plant was not water tight.
 
The problem of slurry blocking the gas outlet is related to tne 
first
problem of gas leaks. If the dome is filled with gas each day, slurry
is displaced into the reservoir and overflows out of the plant. If gasleaks mean that the dome is not full of gas, the plant can be overfilledwith 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
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.:7uLd be cieaveo ea3LI.y in Later modeLs, 't'Ie l1'e I )- , Ir.'y
reservoir floor relative to tiie 
 op of -he dome eias al.do _Itee] ,later design drawings, so that the chance of the slurry level in tihedome being too high was reduced. Work was also started on the designof biogas valves that would not leak at the pressures produced by
displacement digesters (see Volume I, Chapter 6):
 
The regular follow-up visits by Gobar Gas Company staff also pointed
out some other problems. Some of the dome plants built in 
one area
did not appear to store enough gas. One plant was 
emotied and the
inside of the dome measured and it oroved 
to be the wrong shape. Themetal template, used to shape the mud mould, had been wrongly placed,
so the dome was 
too wide and flat. The template was redesigned with
vertical and horizontal struts 
that could be checked against a plumb­line or datum string.
 
The problem of slurry leaking through the plastered walls was repeated
in a few other places, mainly where the soil was sandy and porous. This
has not fully been solved, although the use of a cement, lime (Calcium
Hydroxide) and sand mortar (1:1:3) 
should be effective. Water Glass
(Sodium Silicate) could also be used in the plaster mix (McGarry).
 

Tunnel Plant Experiments

The tunnel plant design was inspiied by work done at Cornell university
(New 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 most 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 is horizontal
mixing as the slurry in displaced by the gas stored or being used from
the gas storage volum' iee 
Volume I, Chapter 4). The results of a
year's tests on this e...erimental tunnel plant and a dome plant on
test site, indicate that both designs behave in the 

the
 
same way, when fed
similar amounts of feed (see Chapter 3). Biogas was produced along
most of the length of the tunnel, except near the inlet, where the
populations ol bacteria were adjusting to the feed. A reasonable amount
of biogas was still being produced from the slurry coming into thereservoir, indicating that the tunnel should be made longer, not
 

shorter.
 
A second tunnel plant was built 
on the test site, to test the construct­ion techniques. Various methods for fixing the plastics sheet lining
to the gas storage volume were 
tested in this plant. The length of
this 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 z,tzned in the plant.
 
A test sample of 6 plants, built to a design based on 
these test
results (see site
Volume I, Chapter 4), were constructed for customers in
the Butwal area. DCS set aside a 100% guarantee fund for each plant.
The roof sections were all made 
on 
the test site and transported tothe sites by rickshaw. One design weakness was discovered: part of thearched 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 li:Li-.. staff of the Gob~i' G s 2o[!p3ay, c.iv.r , qcest r. thucommercial viability of the tunnel olant. If the roof sections aremade in a central place, they would be difficult to transport to aremote site. 
If they are made on site, a mason and 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 warrant 
a change from the present emphasis on the dome
deoign, except in special circumstances. 

Future Directions
 
The work of development 
 of the tunnel plant has suggested anotherdesign of biogas plant that could help to 
fill a gap in the oresent
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, lip 
to EP95 (95 cu.m internal volume), producing about 20 
cu.m
of gas a day from 600 kg 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 wastoo weak to support a dome plant, or where deep pits could not be dug
because the water table was too high.
 
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.
 

Lessons 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
for their unit, but finance must be availabl to provide properguarantees and protection to them. Close and careful follow-up is
required, 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 extension organisation.
 

Once an effective design is complete, extension staff must be trained
to make the units, so they can 
be sold on a commercial basis. Close
cooperation between R & D staff and extension staff assists and speeds
up this operation. An over-emphasis on either side, on 
R & D or on
extension, can lead to weaknesses in the progress.
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5.1 TOTAL GAS OUTPUT
 
The amount of gas produced dail by a oiogas Plant Qan
bi 	 deduced if both the volume of 	thQ! gas in the gas folderand the gas consumption of the appliances are known. Thelatter can be conveniently measures by commercial wet-typegas meters. These meters operate at low gas pressures (less
than 200mm W.C.) and therefore are suitable for steel drumtype plants. For the Cement Dome and the Tunnel Plants,which operate at higher pressures, i pressure rejulator c7L­be 	connected in series with the meter to prevent gas leakage
and inaccurate readings resulting from high pressure. DOShas made its own design of wet gas meterc thit 1*)!re

iligher oressureq (see lol.?, ,h.5) 
rt 

Calculation cf the Volume of Gas in the Gas Holder
 
) loating Steel Drum (see Fig. Sm.
 

,a.-urensnts required:
 
= hei: Lof -.hp .'teo&l drum above e.irry in 
 the digester, 

12 	 = gas pres-ure aq indicated by; water manometer, mietre WC 
Palat diinenioni require:l:
r internil diameter -f seel ru ,, :etre
 
:tnce iie dru i, 
nar ,ei, h, the gas pressure inside isabove at:mospheric pressure, and consequently the slurrylevel inside the drum is slightly lower thm- th-ia )utside.The lifference, I , can be measured witn a water ,anometer0co.nnected o,n asc- nine outlet It il assumed natthe specific gravity of t:e slurry is roughly eriual to
that of water, since the difference is less than11 10%

(Table A.1).
 

Volume of gas V 11 r2(l1 12)

The unti of 2 a'. cubic 3
u xe ,.z,,. , m

2) 	 Cement Do.ne ksee Fig. a.?)I, is less straigh't forward to calculate the gas voluiieof 	masonry plaits ouilt underground than for steel irwr 

e'easure-,en ts r- nu i r=t,
 
!, == txa pressure :nte-sure jy water
Jen'th -,Lu'y in -2-M u,;r, L e P.i;ometer,e.vi nietre1"4 of 	 , 
Plant r iwensio- reauire: 
13 	= :lept or nde:e .. o," from. the soil surface,

Tetre
 
15 = ertical ista:.c: between 
 the soil surface and tae 

edt~e theLf s-.:!unt ra.erv.oir, metre. 
of" ,he ic..je, metre. 

Fc!oj these 
 L ze verLical distance oetween 
axoa' 'e do: e .1 ., . "4 ''ace in t.-ie digester, 
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11 2 +4 --

Volume of gas V TI. 11/3)

Unit of V in cubic ,neter
 

3) 	 Tunnel Plant 
All measurements are iailar to that 3f tie Cement Dome p~a.t. 
drose-Mectional Are-i, ', 	 S: is 

A = R2 cosl(1 2 - l1 /R) - (R - I) (21 - 1,2" ),i1 

Since the plan; >.ai L:, .-ar.e cros3-ncic Jlong its
 
longitudial nxi! (length 1),


Volune of gan : 1 . (-ni; in c.
 

Conversion to Sta.dos. __________ , riure.. ('"" 
ior compari3on of ga,- )oduct.on at di>,-ffVcr... , ' . e ...

• ... i......y to use the sat e.. tandar-; r2" reference,
such as the Standari Te'nprature (?25C) and Pressure (0 .tnos­
pnere) or in brief SIP. One -. cc >nhe i.' -K '. " metre 
WO at 250C. Assuming ideal ga law hoid3, 

Pt 	Vt! it TPVi!*1
 

Where the subscript t dienotes tie SIP staze an d the ,ubscr.i)t 
euotem the state o' che gas in the gai holder'. P 10 1T can 

be measured. Pt = 10.363 m'U, T 29801. Therefore, the 3J 
oluMe, Vt, can be easily calcutited: 

Total Outpu
 

It im beet to measure the gas volume at certain fixed time 
every day when the gas is not being used. The STP volume, V ,
of the gas in the holder is measured and calculated as shown
above. V+ i5 used to nubtract the STP volume of the previou*
day (sayt Vt.). The amount of gas used by appliances (say VR)

is obtained Prom the meter reading and converted to its STP
 
value as well. Therefore,
 

Daily gas output = Vt - V + V 

Note that Vt - V can be negative. To get a reliable estimate,
daily ,neasuremen 1should be taken over a period of time, for 
at least a week, during which variables like feed i.iput, 
temperature, and retention time are the same.
 

If 	 a gas meter in not available tco .rea1:ure tne gi3 consumption
of 	appliances, a rough estimate of the gas pro,'ucs=on can be 
obtained by measuring the gas volume at the Deginning and tne
 
end of an interval during which gas in no used. For !xample,
if the gas polui e measured at 8pm is 0.8, , and at Sain the oext 
day is 1.91n . The gas produced in the 70 nour span is 1.1m).
Therefore, in 24 hours, the gam prod-ction is roughly 2.6M 3
 .
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54.2 GAS OOMPOSITION
 

Biogad comprises a variety of gases. Methane ie the main 
combustible component, varying from 50% to a high of 80%. 
The reot is mainly carbon dioxide, with traces of hydrogen 
sulphide which is corrosive. 

The most accurate method for determining the gas composition 
is by gas chromatography. A gas sample is passed throughi a 
column packed with material with different affinities fo2 the 
different gas components. The components are thus seperated 
and emerge successively with the carrier gas. 4 detector is 
located at the outlet of the column to m:easure the physical 
property of the gases. The time and 9equence in which they 
emerge help to identify them, .n-d the pea.k areas i..dicate their 
concentration. Two conmonly used detectors are ther-mal con­
ductlvit' an'd flame ionization detectom. 

The ORSAT Aparatus 

The ORSAT Apparatus is used for determiningtne percentage 
of COp, 09, CO, anid *-,, in flue gas and furnace gas. It is 
less expensive than gas chromatograph, mort simple to main-. 
tain, and reasonably iccurate for measuring the compositior 
of bJ ogae. 
The Apparatus consists of: 
1) A 10Oml moeasuring burette with *.-iaer jackec, connected to 

a levelling Dottle filled with an acidic solution (2M 
HPSOA, sulphuric acid) saturated with salt. This solution 
prevgnts the absorption of water soluble and acidic gases. 

2) Absorption pipettes with 2-way stop cock (see fig.54):
 
For the absorption of carbon dioxide, the solution required
 

!i36 sodiur,, hydroxide (240g NaOH/1O0Oml distilled water). 
Potassium hydroxide can be used instead but it is more 
exoensive. 
Oxygen is absorbed by an alkaline pyrogallol tolution 
(lOg plrogallol/20ml distilled water and 19g NaOH/"'Oml 
distilled water) prepared fresh every time.
 

3) Absoaption pipette with spirals of copper wire: 
Carbon monoxide, CO, is aL'sorbed in an a;umoniacal cupn'oas 
3nloride solution. Since the presen,oe of CO ze egl iile, 
it is not measured. 

4) Slow combustion tube, for -6he determining of hydrogen and 
meth-ne. The tube Is fitted with a platinum spiral heated 
with a maximum of 4.5V at the two terminals. .4 rheostat is 
used to adjust the voltage and thu the te,rer-!ture of the 
wire. The gns volume inside he comustiou cube -.'9 ontrolled 
with a levelling reservoir of iercury. 3efore the lyis, 
the tube is filled with -nercury to a fixel level. 

Procedure:
 
1) Leave the external control tap open and the taps of all
 

the pipettes and combustion tube closed.
 
2) A gas sample of 10OT.l is passed into the burette by lowering 

the levelling bottle A tnat contains the acidic salt 
solution. Note that before any reading is taken at the 
burette, the meniscus inside should be adjusted to the
 
same level as that in the levelling bottle.
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3) The external control tap is closed and the 2-w2y tap of 
the C02 absorption pipette is opened to a 'Y' position. The 
levelling bottle A is raised until all the gas in the burette 
is bubbled through the sodium hydroxide solution in the 
pipette. The scrubbed gas is then passed back .nto the 
burette and the reading is noted. his steP iB repeated I or 
4 times until 2 consecutive readings ar, identical. Call this 
reading CI. 

4) 	 The scrubbed gas is returned to the absorntior. pipette. The 
burette is flushed with air several timet by raising and 
lowering the levelling bottle A.
 

5) 97ml of air is passed into the burette, followed by 3ml of
 
residual gas. The mixture is thei, passed into the combustion 
tube by raising tne levelling bottle A and lowering the 
mercury bottle. Note thit the explosive limit of air-methane 
mixture is 5-15% metnanme. It is imortant that not more than 
.3ml of gau (to be on the safe side) is allowed to mix with 
air or else explosion may occur. 

6) Switch bn the battery and adjust the rheostat until the
 
platinum wire glows red. Maintain this for 2 minutes. As
 
reaction occurs, water vapor forms and condenses on the
 
glass of the uubistion tube.
 

7) 	The reduction in vclume I after combustion is measured at the
 
burette, and the carbon dioxide formed (C2) is determined as 
described in step (2).
 

Calculati or, %: 
During combustion, methane and hydrogen react with oxygen

in the folloing reactions-

CH4 + 202 -4 002 + 2H,04.
 
x 2x X
 

2H2 + 02 -4 2H20
 
y Xy 
x and y are the number of moles or volumes of the gases as 

indicated. 

Reduction in volume after combustion :!V 2x + l.y ..... (I)
Since x = volume of COV in the gas after combustion=J 2 ml 

The volume of hydrogen, y -Il, can be foui' from (1) above, 
therefore, y = (V - 2x)2/3 ml 

In the original gas, the composition is:
 
Carbon dioxide = 0p'

Methane (x ml in 3 ml rtsidual gat before combustion)
 

= 02 
(100 - % 

hydrogen (y ol it, 3 El residual gas before combustion) 

(V - 2x)(130 - C )2/9 % 
The sum of theme three gases may not add up to 100%. The 
difference, which is usually smiall, is nitrogen or other inert 
gases.
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Electronic %as Ar.alyser 
This is s portable device for estiaating the methane contentin natural gas aid 4'or c;ehekizig gas leaKs. 2he principle oehind'e8es- use ff re iffere.:t thse-r.al conductivities of xethan inthe sample cell and air in the comparison cell. Since the gasanalyser has been calbrated for *ethane.-air nwixtures, itnot suitable for deternining the composition 

is 
of biogas whichcomprine carbon dioxide and hydrogen. The thermal conductivityof the former is lower ;han tnaz of methane while that of thelatter such higher. With only cethane and zarbon dioxide in
the sample gas, one can recalibrate the aytalyser with mixturesof varying cocposition of -.ethane ind careon dioxide. However,hydrogen is likely to ut present, and since it has a high thercalconductivity, a low oercentagi 
can affect the reading signifi­cantly. *1ecal).oration i i e sihce t here is more thanone unknown (hydrogen and car,n dioxide) involved. 

Measurement of h o nom 

Hydrogen sulphide is accurately determ.ned 
 by gas chromato­graphy. An inexpensive metiiod for estimating its concentrationis the use of lead acetate paper. It cannot be datermined by
ORSAT because of its minute azount, and if a lead acetate solu­tion ia made, it reacts with cgrbon dioxide as well forming a
white precipitate of lead carbonate.
Lead acetate reacts with hydrogen aulphide to form lead
aulphide, a dark brown precipitate. Stripa of filter paper
aze 
soaked in lead acetate molution (11.1% wt./vol) and driedo
The strip of paper is then suspended in a bottle and a fixed
volume of gas (1 litre) is passed through it. The paper darkeuae
and its intensity is a rough .ndication of the percentage ofhydrogen sulpaide in The gas.(Houue, 1978).
 

5.7 

16 

http:thse-r.al


.5d.3 QUANTITY AND COMPOSITION OF INPUT 
The feed or input invariably contains a certain amount of 

moisture. Its wet weignt, Ww, can be easily measured by a 
spring balance or scale. 

The dry matter, Wd, or solids content is obtained Dy drying 
samples overnight in 3 forced convection oven (oven fitted with 
a fan for drawing moisture out) at 1000C. A higher temperature 
will cause evaporation of volatile solids ech as fatty acids, 
and the measured weight will be less than the actual one. For 
good sampling techniques, see Van Soest (19-8). 

Glass crucibles or beakers can be used for holding the
 
sample. Since they reabnorb coisture once outside the oven, 
they should te cooled down in a dessicator before weighing.
 
Another reason for coolirng i,side a dessicAter is because 
weighing hot objects with a cold balance will aid to the 
inaccuracy. If an electronic ba]ance is available, weighing 
qan be done more expelien.tly and the hot weighing iethod is 
preferred, thus obviating tre need for cooling in a dessicator. 
(Van Soet, 1978).

A desoicatoi can be :!ade witin a: '4ir-Light tin with a thick 
layer of silica gel at the bottom. ,n indicator of cooalt 
sulphate can be mixed witn the silica gel. The blue cobalt 
sulphate crystals turn pk when hydrated with water. When 
the pink colour anuears, tnp silica gel should be regenerated 
by healing at 1500C for several hours until the tlue colour 
returns. 

When the samples are cooled to room temperature, they 
should be weigned ;uLckly in the balance. Triplicate or at 
least duplicate samples should be made to give reliable results. 

Volatile solids
 
o atile solids or organic mntter can ue neasured by ashing 

the oven dried .-aU.ple in a furnace at 550 0 C for 3 hours. The 
ash that renained is weighed in the manner described above.
 
It is inorganic matter sucn as silica or chemical salts.
 

Calculation:
 

IVoisture content =(I - wd/Wiw) 100' 

Solids content or dry matter =(Wd/4w) 100% - fd
 

Volatile solids or organic matter -(1 - Wa/dd) 100%
 
(as percent of dry inatter)
 

Where:
 
Ww = wet weight of sample
 

Wd a dry weight 

Wa = weight of ash 

Water to gobar ratio
 

having determined tiie dry matter content f of the feed, 
the amount of water reauired (1.w ) to make a s..urry of a 
desired moisture content can be calculated. 
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Moisture content in slurry = fdWw/(Ww= MS +tMw)
 

The amount of water required is therefore
 
Mw - fd Ww/ Ms 
- Ww 

Moisture content of gobar 

In Nepal, the cc,,mon feedstock is gobar (cow or buffalo
 
dung. Since the moisture content of gobar varies with the
 
climate, it is 
impossible to give workable recommendations of 
the water-dung ratio unless the moisture content of gobar is 
known. 

In the Terai (southern lowlands), the dry acatter increases
from about 15% during tne monsoon to 30% during the hot dry 
season from March to June. To maintain the same moisture 
contenc in the input slurry, the amount of water required
during the hot dry season should therefore be twice that during 
the monsoon. 

Other workers hi,7e done eYn-ri'(nts to ,aorrelate the solids 
-ontent Witli the specific gravity reading on a hydrometer 
(Idani, at. al. 1974). If the correlation is high, plant 
operators can be taught to add water to the feed until the 
desired reading is reache"i. However, in practice, we observed 
that the responve of the hydrometer became erratic beyond 8% 
solids content, because of the presence of particulat* matter 
in the slurry. 

Since specific gravity increases with trie solids content, 
another method to determine the latter is by measuring the 
weight of a known volume of slurry. Since a large variation in 
.olid5 content only brings aoout a small change in specific
gravity (Table1), the weight has to be measure"' fairly accu­
rately and would not be practical in a village situation. 

Table5A1: 
The specific gravity of slurry of different solids
 
content
 

Sample Soeci fic Solids content 
Gobar Water gravity % 

9.25g (75ml), no water 1.19 24.2 
same 
same 

62.5mi 
120 ml 

0.99 
0.9¢ 

14.2 
10.32 

same 125 ml 0.)7 9.0 

After tefecation, 
the aniaill uunrg is eXoosed :: "he
 
atmosphere 1.t loses water at a rate depending c. environ­
mental factors such as the humidity, tecperature, and rain­
fall. Thus, one can probably pre iict the solids content by
knowing -these clim-atic ir:iieators. 2o :ne.tigae This 
hypothesis, rhe solids content of buffalo i.1g (leas than 
one day old) was determint- twice ,weekly from duplicate
samples over a period of 2?i j.ontne in Buzwal. Zor correlation, 
climatic data were coIlected from a neiroy aetereological. 
station (Table 52). 
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Table63.2: 	Dry Matter Content of Gobar and CI'.Iatic Data of
 
Butwal
 

Month Gobar dry- Relative Humidity (H) Temperature (T) Rainfall 
% 8:30 17:3C Mean Max i4ezn (R), jm 

3 	 29.6 49.7 42.2 46.0 31.2 18.5 2_9 26 
4 	 25.3 51.4 49.5 5).5 34.0 22.4 28.2 45 
5 	 18.9 58.5 51.9 55.2 35.) 24.4 2_ .7 110 

S1.1 63.2 54.6 58.9 37.2 26.' 32.0 345 
7 	 15.7 S3.5 79.4 81.5 33.4 25.9 29.7 1101
 
8 	 16.1 82.0 81.6 61.8 33.1 25.9 29.5 1090
 
9 16.8 75.4 78.8 7"1.1 32.7 24.9 28.6 487 
10 20.1 5.9 66.9 t6.4 31.8 21.7 22.o 0 
11 20.2 61.1 67.7 64.4 28.4 17.F 23.1 34 
12 22.9 61.7 68.7 65.2 25.9 14.1 20.0 a 

Yea r 	 1932 

1 24.4 b?.d 63 .1 2 8. 14.9 . i16 
27.6 70.4 59.7 65.1 24.4 13.2 18.8 2 

5 28.1 58.5 52.0 55.3 2j.1 21.7 25.4 83 
4 25.1 50.5 37.6 44.0 35.5 " 29.2 19 
5 23.v 46.4 30.4 42.4 " .2 .. 3 31.5 47 
U 18.3 81.0 12.6 76.8 .4.4 2:. :,, 547 
7 	 14.5 81.4 75.5 ?8.4 3. 29.825.; b83.5 

7.,.14.5 .. ,. " 5.9 29.8 513 
9 14.b 78.0 77.5 77.8 >2.0 24.2 28.1 426.5
 
10 16.9 64.3 67.4 65.9 31.6 21.) 26.8 14
 

Using the above data, the correlation .coefficients, C, were 
calculated for all the ombinations of any two of the four 
variablex: gobar dry-matter (Y), relative humidity (H), 
temperature (T), and rainfall (R). .ll together, there are 
six correlation coefficients, and their values are given 
below: 

C Yfl -0.685 C(YH) = -0.762 OJ(YT) = -0.533 
C(RH = 0.734 C(RT) = 0.501 C(HT) = 0.04b 

The correlation between Y a:,d any of the three climatic 
variablesie quite appreciable. The correlation between H and 
T is low, therefore these two variables must be included in 
the regreasion equation for the prediction of Y. The correla­
tion 	between R and H and betmeen R and T are both quite 
appreciable, so if the acAtion of R does not add much 
accuracy to the prediction, it can be omitted from the
 
equation for the sake of simplicity. The teat of the signifi­
cance of R in shown oelow. 

From graphs, Y can be shown to He inversely linear to T, 
and roughly proportional to I/IH and to it.:,regression equation
for Y in thus obtained with tne three climatic variables. 

A 
.
 

Y - 23.19 	+ 3.51 x 10-3R 4 1267.01/H - 0.883T
 

r2=0.8"7, r=0.93 

The overall correlation coefficient, r, is high, being 0.93. 
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T-tent showed that both 1/H and T are significant beyond 0.1%,

but R is only significant at the 10 to 20% level and is 
therefore not aa important as H or T. 

If R is omitted, the regression equation becomes:
 
Y - 23.29 + 1033.82/H - 0.7126 T
 

r 0.85, r = 0.92
 
Since the overall correlation coefficient r decreases by
only 0.01 (from o.93 to 0.92), it is safe to omit R in the
 

equation.

Thus for prediction of the dry-matter of dung, we can use: 

Y - 23. 1034/H-C.71T
 
According to 
climatic records, there is no appreciable


variation in the average conthly temperature and relative
 
humidity over the last ten years. This equation is thus

applicable in the Terai and places with similar climate.
 
Extrapolation for Kathmandu which has a temperate climate
has resulted in prediction of a wide error margin. However,

this method can be applied for different climate and animal
 
species provided that the appropriate data are known. Our
 
experiments showed that the dry matter content of buffalo
 
and cattle are similar, but that of the horse in higher

(Ta bl- 3). 

Table &3: Drjimatter content of animal dung in Kathmandu 
Species Month Dry-matter, %
 

Horse Nov 28.2
 
Dec 26.6
 

Oattle Dec 15.4
 
Buffalo Dec 15.1
 

Measurement of NPK 
The fertilizer value of dung and effluent slurry can be 

measured in terms of nitrogen, phosphorus, and potassium
 

Ammonia and organic nitrogen are determined by Total Xjeldahl
method (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 these procedures will not be presented here,

since these are 
standard methods with numerous references.
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Cho 5 METH)DS OF 14iASU41N0; 3AS F'I0DUCTION 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 DOS, but the tinplate housings
and the steel movement quickly became rusty and made the meter unusable.
A wet type gas meter, with a rotary movement, was purchased, which has
worked better. The brass counter movement of this meter, too,
affected by a slight leakage of biogas from the main 

was
 

became covered in shaft seal. It
a black deposit (lead sulphide?) which interfered
with its operation. The rotor, which was
be inspected to 
also made of brass, could not
see if it also was affected. If the rotor was
together with solder, which has held
 

attacked a high lead content, it could be
by biogas, 
over time, resulting in degradation of the solder.
The wet type ,gas meter i ,iesi)7eibut there are limitations to be an accurate laboratory tool,on its use.gas pressures, 150 to 2:00 
It is designed to work with lowmm WG.
froir a lome When the DCS meter was used with gasplant, , solder seal at tne back cracked.type meters tend The normal wetto be expensive, but not very robust.


It was decided in DL(S to aesign a versionwould not be corroded by niogas 
of the wet type meter thatand could also takefrom lisnlacement digesters. Thie type of meter uses a rotor that has
 

the higher pressures
4 seperate chamnbers it: it (Figure 5.2). Gas enters(I) from a central the first chambergas inlet pipe, and water ig displaced
'chamberinto the body of the meter. The opposite 

out of the 
more chamber (3),water in it, then hasso is heavier and the rotor rotatesimbalanoe of weight. Water Then 

under this
 
central enters this chamber (3),
water passageway, disolacing through a gas into the upper half of the 
so no gas can 
leak between chambers, the meter will accurately measure
the volume of gas that passes through it.
 

meter body and into the gas outlet pipe. If the rotor is made carefully,
 

DCS Plastic Gas Meter
The DCS metcr (Figure 5,3)

glass), which 

was made of acrylic plastic (Perspex, Plexi­can be solvent weldedthis meter did not have to 
using chloroform. The accuracy of 

dimensions were not 
be very high, so the tolerances 
on the
tight. The main bearings were made of nylon, which
is self-lubricating, especially if 
 immersed in water. Allowance had to
be made for the nylon swelling when it absorbs water. The sealing of
a rotating shaft through the walls of the meter proved difficult,
a magnetic drive for so
a revolution counter 
was chosen instead.


Acrylic plastic sheet can
temperature, so 
be softened by warming it to the correct
it can be moulded to shape. If it is made too hot,
surface will tend to bubble and craze. 

the
 
The curved walls Of the rotor compartmentsof softened plastic are made by Placing sheets(2 mm) between two shapedthe sheets cool, they reain in 

forms made of Wood. whenthe correct shape.can be Two acrylicwelded by holdinE them together and sheets
running chloroform betweenthem with a brush or dropper. Chloroform is very volatile, so the
Joint dries quickly,

shoula be used in 
It is also strong smelling and toxic, so ita%well ventilated place.dissolving A glue can besmall pieces made by.,f acylic plastic inHoles should a bottle of chloroform. 

glue, as 
be filleci;y spreading several thin layers of thison a thick layer tends to 
trap air bubbles, which leave holes
that can leak.
 



LrRotor rotated et.e' B~odyby imaalanc 

of weight "Gas leaves third
chamber 

(1) aschamberenters first 

". . . . .. "":"as Inlet Pipe 

Water enters 
---- -:---. . . . .third chamber 

7.- -.. - .­

ater leaves first 
chamber 

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 to crack under internal gas pressure. A cylindrical
body was designed, using a long mm) sheet of plastic, which(2 had
been heated and wrapped around a cylindrical mould, and fitted into
 
R 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 widtr, of the meter.
 

The meters were calibr;ited, usin air from a small compressor, against 
an accurate commercial meter. The volume of gas passed for each

rotation of the rotor proved to 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 large effect on the calibration. The
 
water level that ensured 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 points. 
Some of these meters were used in field trials of dome plants and 
seem­
ed to work reasonably well. They were not completely reliable, as the
 
counter sometimes missed count. The 
counter arm was mtde longer, to 
increase the torque or the courier mechanism. A better type of counter 
was also found. These improvemerts are shown in Figure 5.3). This type
of meter is useful for experimental work, but it is not relaible or 
robust enough for commercial use.
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Figure.5.6 Slurry Sarjpiing Device.
 

Measurement of Slurry Temperature 
The slurry temperature was measured in DOS 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 maasured. 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 these 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. 

Latar DCS was able to purchase a recording thetmograph, with two bulb
 
type temperature elements, 
aid 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 oase
 
so that the ambient temperature could also be measured. The chart
 
recorder on the thermograph was driven by a clockwork motor, so it
 
did noi 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. Such a
 
set of pH papers are available commercially.
 
DCS was later able to purchase a pH meter, which could read to +0.05
 
pH directly from a scale. It was run on batteries, so was portaSle
 
and it was fairly robust.
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Enhancement of Biogas Production in Cold Climate M. Lau-Wong 

6.1 The Tempera-cure Constraint
 

Biogas technolopy would have enjoyed a much wider acceptance 
and applicability had it not been limited by a natural constraint ­
temperature, As the biogas microflora ic 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 

alternatg back-up fuel when production of biogas diminishes. 
Below 15 C, degradation of the substrate proceeds extremely slowly, 
demanding a longer retention time of the substrate than at a 
higher temperature. In regions beset by severe winter,, like 
Liaoning in China, blogas plants operate only during the six warmer 
months of the year; in winter, gas production ceases altopether
 
(Eggeling and Steohen, 1981).
 

T:. contrast to aerobic 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, 6F, kcal/mol
 

Anaerobic C611206 3CH 4 + 3CO
0 -102
2 


Aerobic C6 H 120 6 6CO2+ H 20 -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 - 350C). Although higher fermentation rates are obtained 
at the thermophilic range (55 - 650C) (Hamilton Standard, 1978;
 
Zoetemeyer, et al, 19'79), 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 the biogas and as fuel for the pilot light of
 
the boiler for reliat2lity (Jewell, et al, 1981). From economical
 
and practical considerotions, this system is not feasible for
 
small-size plants (3 to lOim digester volume); and alternatives
 
that require low capital cost, mi'intenance and labour should be
 
explored. In the following sections some of these methods along
 
with experimental trials will be discussed.
 



6.2 I-nsulation 

Temperature grada.ent of the eartr 

Since biogas plants are built at or under ground level, an understanding
of how heat flows i,, the earth, is essenti-A to designing for low
tegneratures. From mining experience, it is Ael)-known that temoeratures 
increase with depth in the interior )IL Lne earth. Many deep-driil

holes have oeEn made to ,ieasure thi-s neat flux, a-1so known as

Peothermal Lzradient. it was found to vary between 10 0C to s0°6 per km 
on land Carslaw and Jaeger, ,59). rhe tenmperature profile near the 
surface, however, is :tore o,:omplica'ed. As land near the surface is
exposed to diurnal an, seasonal vairiaions of intensity of vnso,.tion
(solar radiation), iLs temperuture fluccuates accordingiIy and heat can 
flow either in or out depending] on .he time of the day or year. During

daytime, the soil surface is warmed uy insolation, wnile :t night the

absorned neat reradiates back into space, the heat loss Seing more on
 
a clear night. Phis diurnal fluctuat ion of soil temperature virtually
vanishes below metr 17 ) , and exertsone -Ru sse , thus li. ttle 
influencr on the internal temperatiAre of a subterranean biogas plant.
In contrast, sea3onal variatio- of tLemerature has a more profound effect 
on the performance on bOog.as plants. In equatorial regions, seasonal 
fluctuation almost ceases at a soil depth of one metre, but in 
temperate regions, it dimini, shes 3nly below to 8 metres 1964).6 (kcines, 

Apparently, one plausible solution to the problem of heat loss in 
winter is to build plants at 
a depth where the temperature is fairly

constant and agreeable to the microflora. But this may require

ex3avation to below 10 -o 15 metre w.ich is a difficult if not impossible

task. 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 insolation and heat when the cold 
season
 
is over, simply by removing ,.o insulating layer.,
 

Figure 6.1 depitcts a typical set of winter isotherms of the soil in
 
Kathmandu, Nepal. 
 As heat flux vectors are perpendicular to the
 
isotherms, they flow upwards and finally emerge normal to the earth's
 
surface. In 
the absence of heating or insulation, there is little
 
net flow of heat horizontally across the digester to the surrounding

soil. However, with insulation above the plant, the isotherms are

distorted as shown in Fig. 6.2. 
 The heat flux vectors are deflected
 
sideways from the walls of the plant before emerging at the earth
 
surface. It is therefore crucial to insu-ate the plant well at the top

surface rather than at the sides, although ideally, it should be done
 
at both places. Insulation only at the surface has another advantage.

If 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 to dry under the 
sun. Wet ground also
 
loses more heat.
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Insulating with local materials 

Plastics and 	 fiore glass are good insulators but their prohibitive
prices 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 abundpnt at
 
harvest time. They can be erected in stacks above the plant with

sloping sides. 
 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/tM°C
 
Cbncrete 
 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 polyethylene 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 Infrared. 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 reduices penetration of frost in winter, and like insulation,

enables the soil 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.
 



6.3 	Comparison of the Effects of CoERpostirLg _itn Insulation 

To evaluate the effectiveness of composting and insulation in

increasing digester temperature it,winter, experiments were

conducted on three dome-type 
 plants on private premises in Kathmandu. 
(Lau-Wong, 1982). Kathroandu Va-ley is at an elevation of 1324m.

In winter, temperatures iiever fall 6elow freezing but early morning

frost is common and a cold dlamp fop, envelops the Valley and rarely

clears away before 10 am.
 

15m 3 dome plant (S) was initially insulated with rice straw
 
sandwiched between two plastic sheet s at the 
end 	of September;

cut 	 rotting of the straw one month later prompted its conversion into
• compost ile. (Methods for Construction is g._ea in Vol.I,Ch.10). 
Even at sub-zero temperatures, compost can generate significant

amount of heat from aerobic decomposition of organic matter . The
 
compost pile 
 0.0 	to O.Bm high, cover~d an area of 5 x 5.5m. on the
,,,round above the plant. Another 15:n plant 72,)wnjch nad a 15 to
20cm ,rass cover was used as control. A 10w) 'jome plant (K) was

insulated 
 at -he ground surface with rice straw in ] ,e November.

It was 2m high and sloping to .am at the periphery. A polyethylene

sheet covered the straw and was held down loosely at the sides with

oricks. A haystack of 5m height and width was built in 
mid-January.
 

The areas of the compost and insulation were distinguished into 
4 quadrants. Temperatures were measured at different locations at
each quadrant daily by rotation, thus ensuring a more sampling.even 


Table 6.2 showed that installations of compost, straw insulation,

and 	 haystack effectively increased diurnal fluctuations of ground
surface temperature. 
 The 	ground was shielded from insolation, 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 ununiformn decomposition in this case. 

Table 6.2 Influence of compost, haystack, and straw insulation 
on ground temperature (Jan.25 to March 13, 1982)
 

Temperature 0 C 

Minimum Maximum
 

Compost T 
 S n T S n
 
14.1 3.5 3i 23.5 6.6 37
 

Haystack I 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 1 2 0.3 - - ­ - -

Am bieht Temp: 1 3 3.9 - - 19.5 - -

Note- 1. Temperatures measured I to 1.5m inside haystack
 
near ground surface.
 

2. 	Minimum of bare soil surface (Janup'.y).

3. 	Source: Kathmandu Airport Meteor W ogical Station (HMG)

4. 	S and n are the dample standard deviation and number
 

of observations respectively.
 
5. 	Diurnal fluctuation is given by the difference
 

between Maximum and Minimum.
 

http:Vol.I,Ch.10


''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
constructed above ground, the steel-drum plant responded more quickly 
to tempelrature drop ir.the environment. Whereas for dome-type plants,
 
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 average temperature of an
 
uninsulated dome plant was about 3 C higher than that of a s'eel-druio
 
type. Insulation effected a higher temperiire in dome plants in
 
mid-November than other plants which either acquired no insulation or
 
delayed insu ftion. After the straw 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
 
is 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 i:n December with some fluctuations,
until March when production increased in response to increasinE ambient.
 
temperature. Becau3e of the insulating effect of the compost, the
 
onset of warmer weather in March still had no influence on plant S.
 
The increase in gais production due to composting was shown by dotted
 
lines in Fig. 6.4. It rose from about 20c in November to a high of
 
80% in February, 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 south facing

slope is 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 
Passive 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
 
shallower inlet pit of lar~er surface area. This also allows more
 
exposure 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. Plastic is preferred since it is easier and cneaper
 
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, to determine 
-


1) the effect of plastic cover
 
2) the optimal retention 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.
 

6"7
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On a i cvercist day, exposin.S influent in the inlet .it witnout 
plastic cover nardly increased the bulk slurry temperature. With 
plastic zover, only a modest increase is achieved. On a clear day 
when both 	direct and diffuse radiation are incident, the effect on 
influent temperature was oonsiderable, especially when plastic cover 
was used.
 

It was evident from Fig. 6.5 that irradiation had little effect on 
slurry below a depth of 12.5c'n while it penetrated 2.5m Delow the 
surface easily. Although enlarging the inlet would decrease the 
slurry depth and increase itF bulk temperature, the larger area 
(r times the original) and amount of building materials and plastic 
required call for a zomprolising alternative. A 7.5cm slurry depth 
was chosen. One inlet was modified to ai square of 1.69m 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 1.5Om, witn the same surface area and 
height as 	the former. Both inleti were covered with polyethylene
 
sheets when mixing of slurry was completed. 

Before modification of the inlets, the side walls obstructed 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 was under direct sunlight. The fraction under shadow had a
 
lower temperature than that under the sun. 

T'he influent temperatures for the modified elliptical and square 
inlets were depicted in Fig. 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. 

T 	 .: T.dx /7.5
 

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,0Tw, were considerable,
 
being 8 to 90C on a clear day and 4 to 5°C on an overcast day.
 

Table 6.3 	Increase of Average Bulk Temperature of Slurry (T) over
 

that of mixing water (Tw) at 2 pm for modified inlets.
 

Temperature 	 CLEAR DAY KVERCAST DAY
 
C 

Square Elliptical Square Elliptical
 

T (Slurry) 28.3 29.7 23.4 24.7 

Tw (Mixing water) 19.' 20.8 19.0 20.0 

- Tw 8.66.1 4.4 4.7 

6.10
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For testing the durability of the polyethylene ziheets (0.0,nmm,! thick),
 
they were left in the fields even when not in use. Ey(-ent for some
 
lacerations during handling (mainly at the joints), thei suffered no
 
apparent damage from ultraviolet rays in one winter season. These
 
sheets sustained more damage than they would normally have since the 
sheets had to be li-fted hourly for temneratur measurements, At
 
present, one of the polyethylene sheet (2 x 2m , 0.06mm tnic)
 
cost- 10-15 Rs., therefore, the cost for winLer reti:,v" j, about
 
50 Rs. (US 4). 

Similar experiments were perfoned in Katnumandu with "me same results. 
Solar heati.nr of influent under plastic increas~d the, :fl ecct
 
temperature by about 9°C on a clear day and 4.5 C cn cloudy day
 
over that of mixing water, both in the Terai (Butwal 2U>:.) and in
 
Kathmandu (1324m).
 

D)sin. for hilly areas 

Hill areas with south facing slopes can uc exploited uy nuilding
 
plants in the slope. A solar collector at a lower lvel is
 
connected to a neat exchanger inside the plant (Fig. t..). Heated
 
water i th [:lck pipes the panel and"l a H.D.P. in coilecter rises 

circulation is established as it is cooled ft the heat exchanger
 
inside the digester. The plant should be insulated well to preserve
 
the heat inside. In especially cold climate the solar collector
 
must be insulated fro frost and freezing temperature by straw or
 
other appropriate materials. Otherwise frozen water in the pipes can
 
expand and crack the pLpes.
 

This system can also be applied at level ground. As the solar 
collector is situated above the digester, a circulation pump has to
 
be installed to drive the warm water down to the heat exchanger.
 

Other Passive Designs 

Erecting green house over biogas plant is another possibility though 
not 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. Glass 
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 (Anderason, 197').
 

Additional soiar radiation can be absorbed by building a thermal
 
storage wall inside the green house (U.S.D.E., 19'7). 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

convection of di.gester 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. 

http:heati.nr


The engines used are mainly diesel engines Converted to running on a
 

mixture of diesel and biugas by the addition of a carburettor that 

mixes biogas with aii. The consumptlion of biogas is 0.4 te 0.45 m" 

per hour. The engines can be installed with an air-cooling or
 

water-cooling system. If water is used, the warned water can be
 

further heate& at a heat exchanger with the engine ex'haust gas. 

It then enters the digester through another single coil heat exchanger.
 

Water-Exhaust 3as iieat, £cha:ger 

A double-pipe o5:,er-flow exchanger was designed for tie cooling 

water-exhaust gas system (Fig. 6.9). It is easy to fabricate and
 

costs about 400 Rs. NC (US$ 33) for materials and labour. Exhaust 
gas enters the 2entral G.I. pipe before emerging from the exhaust at
 
the other end. Water from the engine enters the shell at the cooler
 

end and flow in opposite direction to the exhaust gap. This type of
 
flow, railed nouNter ourrent or counter flow, results in hipher heat
 
transfer thon pr'ilel Clow design . In case of foulin: (depcoiting
 

of scale in pipew), the efficiency of heat transfer diminishes and
 

the exchanger shM! be ,:dismanule! and cemne tnoroughly. 

If the amount , -o, ng. v ter flowing through the engine is 'ore th..
 
,


required for the heat excnaner the flow can Ae restricted cy two
 

valves at the waer iMe end. in this way, different flow rates 

were adjusted when the -,,hau~ger was tested on a 8 H.P. engine, and 
the uorrespondin,. steaiyV qtate Lemperatures0were recorded. The inlet 
water temperazure at the exchanger was 28.5 C. The outlet water
 
temperature ws plotted mtainsthe water flow rate (Fig. U. 10). 

A pump for circulating Water tUrough Lne neat exchanger is necessary 
when the engine is used for hu]uling and milling, but not when pumping 
water. Heated water from the exchanger enters the plant via 1.D.E, pipes 
which in turn is connected to a single coil inside the digester 

(Fig. 6.11). The whole assemoly costs about 900 Rs. (US$ 70). To 
prevent heat loss, the exchanger end pipe fittings should be insulated ­
wrapping in dry jute bags worked well. 

ThQ overall heat tirysfer c8 efficient for the coil and digester slurry 

was estimated to be 170 w/m C with fouling (Perry and Chilton, 1973), 
and the length of coil required is 11m (Lau-Wong, 1982). 

If ambient temperature is 200C, the plant can be maintained at
 
23 to 240C by iheat gegerated from the engine if run 6 hours daily.
 
But this requires i2n'n ;as for a 5 H.P. engine and a digester ooeratinp
 
temperature of 29 to 70 j. It is therefore essential to apply
 
insulation or solar heating of influent as an extra source f heat. 
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6.6 J.PPENDIX 

Heat lolpA Csalculatjwi 

Heat loss 3from steel dninIplant (34 m digester volume)
Alllenaibs are in meoors:
 
de = 0.23 SEcTioN
 

dm =0O.0025
 
11= 0.70__ J 

12 = 0.35 77,1, ___
 
13 = 1.15 
 I3
14 = 1.22 - I 3 
15 = 1.05 
l= 1.40 4

r2 = 1.68 
r3 = 2.34 . 

Let qj (i = 1 to 5) be -he heat loss from various sections of the 
plant. 

TA = air temperature 
TS = digester operating temperature
Ui overall heat transfer coefficient ab different sections = 
x = depth of soil
 

Heat transfer oofficoina-: W/ 2 C
 
Gan to steel drum, hq 
 19 
Steel drum to rir,'hA 20
 
Slurry to concretoe, hsC 
 581.-5 
ConcreLo to air, hM 
 233
 
Soil to air, hSA 
 5.8 

Therma Conductivity V/ m C 
Concrete, kG 
 1.3
9teel, kM 100.
 
Soil, kS 
 1.4
 

Lssumptionst

1. Tho metal half-way the slurirdrum is above and the remaining half 

has no effect on heat transfer.
 
2. Insolation and radiation losses from the plmnt are negligible.
3. Heat flux in the soil traverse vertically upwads.
 



Jloat loss from 8ection i is given by the equations
qj Ui .Aj (TS _ TA)Sectrion 1: 1 1 

1/(J:, = dO/kM + 1LAGoM + /4ASubstituting the corresponding values,A1 =Lr of tho e Uj , 6.67 .-/m 2 0Ctop and side of the drwM 2= 12.32qI=u1 mA1 (TS - T11) - 82.17 (Ts- T4 ) JIB 

Section 2,
 

Log moan vlue, 
 'C-, ccn be used instead of e
 
= r i in ( ro/ri) Whore r o = outside r.diuo
U2 = 4.80 : 2 C = ri inside radius
 

A2 = 3.44 m 
q2 = 16.49 (TS _T ) j/5
 
Soc tion 3:
 

=U3 / (0.1786 + 0.7143x)
 
q3 U3 (TS -TA, )dA
= 


J~3 U3
1 (Ts- TA) 2 7r 2 d. 

25.46 -T)J/
3
 

Section 4:
 
= 


dA mI (r 2 


U4 U3 

+ r x )dxwhore ml 
 211
2 

/14 = 7.15
 

=
m2 (r 3 - r2 )/0,; = 0.54 

4 0 e(TS - T~A) lai (r2 + m2X) dx
 
= 33.94 (TS -TA) J/
 

Section 5:
 

U5 U3
 = 

=q5 f'15 u5 (TS3TA 2 F1:r, dx
 
0
 

= 33.98 (To -TA 
 ) /
 

= q h6oat required for= 'oating daily500 x 4184 x (T - TA ) J/day influoi-6 of 500 kg.= 24.22 (TS -TA)assuming specific hor,% of JIsslurry to bo 4184 -Tg C 
Total heat l oso = Q 
 qq 216.26 (TS A J/
Q is the upper bound Xor hoat loss sinceSoil was taken vortically instead 

tie pa~h of heat flux in thein Pig, 2.2.2, of bein& doflootodThis mrtom sidemysX smaller as shownand oubaoouently Ui and q i larger. 



Cacula~tion for tho laith -of..______ a jt 1indg-ai 

The dimensions of tho tube are 
Outer dircmo'lr £ 0.035o 
Inside diehne'or 0.031m 
=Let 4V Vnter flow reto 

L = length of coil
 
Cp =hot oapaoity for wator = 4134 J/kg C
 

U = ovcrr, ll heat trpnsfer coofficiont
 
= outer ro&iuo 

Considering an ixLfinotosimr.l section d: of the tutez 
On the wator sido dQ m ww cp dTw 

For hent transfer' dQ - U 2Fr 0 (TT -Ts) dx 

ro 

U O. (T.,- Tos ax , p dT, 
Intogrr.tingz
 

ln,((Ti -T5)/ (TIM - Ts)j = 1 ,21roL/ ;, op 

where T iii Z' out1% tomperaturo of watotavie rM.the inlet tnC 

in the coil roapooivoly.
 

If 4w = 1.2 I/mLn = 0.02 kg/s , Ti = 70*0 from Pig. 3.3.2 

Heat transferrod fro. the water to tho slurry=Qt -4V Oap(Tvr - T ) =o83.68 (70 - Two) 

Prom Appodix 5.1: 

If TA = 20"C, heat los Q 216.26 (TS - 20) Jfs
 
For =Qt and Tvm> T , T, was found to bo 24'C and T. -o b, 28.60.
 

Using these valuos ti oquation (i) amd W0 v 170 V/m2 C, 

Ln 7 1701Ax 0.035 x L / 0.02 x 4184 

giving r.vnluo of L = lo.3m
 



Chapter 7. SHAPE AND STRUCTURE OF BIOGAS PLANTS V. Fut{rA 

The shape of a biogas plant, as well as the wa'y in which it is built,
determines its strength . nd whether it is aole to stand up to the 
stresses placed noon .t. In general, the circlH is the shape in which 
stresses are most evealy di strinlted, so t)iogas plarts are usually
desigrned to be cylindrinil or Dartly spherJcal in shape. 

When a oiogas plant is being desijgned and drawn up, tne interiial
 
volumes of these shapes and the quarntities of materials required to
 
build tnem need to De calculateo. Phe stresses on the different parts

of tne digester need to be assessed t ensure the design is strong

enough. The equations given below srould enarole 
 these calculations to 
be i for most design.;3 of blogas nlant,nde 

7.1 Steel ',rum B3iogas Plant - Size and Shape 
The simplest shape of biogas plasnt is that of the sralghft steel drur
 
digester pit 7.1), is verical
(Figure It a cylinder with interrn.l 
diameter: D1 , and external diameter: D, :-ad heigrht: H{. 

The internal volume (V.) is then: 
Lit D2 H
 

1 4 1 
Tne volume of the brickwork (Vb) is given by: 

(D2Vb = L.(D 2 .tf + 1).i) ,b 4 2 f 2 1 
where t-. is the thickness of the floor.
 

If the thickness of the walls is: tw, 
the total area of the brickwork
 
in the walls (Ab) is:
 

A l.(DI + tw).H . V is then given by:
 
V C = Ab tw 

1 
+ .(DI + 2.tw)bw tf .
 

:'Lale 7.1 gives the number of bricks and volume of mortar to be used
 
for different brick walls, in terns of both brickwork volume and 
surface area. 

The taper type of steel drum biogas plant has a slightly more complex 

T 01'
 

IjI 

' tf 

Figure 7.1 The Shape of a Straight Type Steel Drum Biogas Plant 



I Area Cor tains: 

Bricks 


Type of Wall ( 7m)m I M Volume Contains:
 
Mortar (1) Bricks Mortar (1)
 

Side Laid (70) 357 500 100
X Brick (120) 6;, 18 
 500 150

1 Brick (240) 120 46 
 500 195

1Y Brick (360) 1h0 83 500 230

2 Brick (480) 
 240 110 500 230
Mass Brick 
 - 500 230
 

Table ".I Quantities of Bricks and Mortar in Brick Walls
 

shape (see Figure 7,2). It has two cyclindrical sections (ID: i)I,ildaD
OD: D2 and D4, heights: HI and H3 ), connected ny a trun,;ated cone 
of height : H2 The. 


The internal volume (V,) is then:
 

S .(D. H + Di.H3 i (D2 + 3 + )j) 


Tne volume of the brick;urk (V.,) is:V I + ) 2) 4.1i ­

'
02 :2 1 42-2 3 4L)4D4 2 D3 3 2
 

if the thickriess of tie wal s is: , the area o' brickwork ii Lnewalls (A.b) is: 

Ab N i.((Di + t).,H + (D3 + t).H 3 + (D1 4 D3 + 2t).2.-) ; 
V b + + 2t) 2.tf.;I,b.t () 

Example 7.1 
The volumes of the SD200 straight and taper plants can be found from 
their dimensions (see Volume I, Cnapter 2). 

SD200 Straignt Plant (Volume I, Figure 2.4, Table' 2.2) 
D1 (E) = 2 000; D2 (H) = 2 480; H (A) - 4 ,30.

023 3
i 4 2.0 x 4.63 = 14.54 m (it - 3.'i 159) 

0b 4 x (2.48 x 0.12 + (2.48" - 2.0) x 4.63) = 8.40 m . 

D-, Hu
 
2 

Fig~ure , Tn6. Snapc n!* j Taper ".\In- 3teel Dr'um Bio.as Plant 



Water (lit)
Mortar Mix (0 lit) Cement (kg) Sand (lit) 


1:1 1.00 0.70 0.25 
0.20
1:2 0.68 0.94 

1:3 0.51 1.01 0.20 

1:4 0.4C 1.10 0.20 
1.17 0.201:b 0.28 


1 .22 0.20
S1:8 0.22 

Table 7.2 Quantities of ,!ement, Sand and Water in I Litre of Mortar 

(CAI). 

Ab = T1 x (2 .0 + 0 .24 ) x 4 .6 " == 325 . , 3 

V. = 32.58 x 0.24 + i x 2.403 x 0.12 = ..40 m 

SD200 Taper Plant (Volume I, Figure 2.3, Vable 2.,)
 

DI (E) = 2 000; D2 2 480; D3 (G) : P '00; J (ii) : 3U0;
 

H (B) = 1 270; H2 (G) = 910; H, (J) = -10; t = 20.
 

= x ( 2.02 x 1.2' + 2.9 2 x 0. 1 + (2.0' + P.2 2 .0 x 2.-)V1 
 4 x 0.91/3) .3m= 14.34 

Tt 2¢ 2 2- 2 
- 4 x (3.362 x 0.12 + (2.482 202) I. (33?2 .q2) x 0.11 

+ (2.482 - 2.02 + 3.36 2 - 2 .) 
2 4 3.3t x 2.,41 - 2..) x 2.0)xO.91/i 

3
 = 7.07 m .
 

Ab = - x (2.24 x 1.27 + 3.14 x 0.91 + (2.0 + 2.1 + 0.48) x 0.91/2 

2= 25.60 inm 

Vb = 25.60 x 0.24 + n x 3.142 x 0.12 
3 

= 7.07 m . 

The volume of bricks and mortar required for the input pit, pipe suppor.i 
and slurry outlet must be added to the above figures to obtain the 

total material quantities that are required to build this digester 
pit. 

H1. 

H 

Figure 7.3 mLte snape of i Concrete iDome 3iogas Plant. 
2-) 



olit)h: es e ix t , 0nenete(kg) Sand (-.' g(pi)itre (1) , ter 1.) 
- - 0O 55 0 -3 '8 0~ 6 

1'2 4 0 31 70 i49-'4, 0.. 
1 2: 4."' 0.31 0... e Ie~'~'1:*3:6 0.2? 0.45 0.90 011: 4 :8 

-iI1 - .2 ' 0. 17 0.46 0.9,2spne3ca0 0.16, 0).55 rnen';"he,"o,.".80I n'he:se 
TabI e 7,3 Quantities o Cyement Sand, Aggreinte a-d il -ter ... . . .. e l.......
. . Liteof Concrete (CAI).; r or s h r .. . . ... .-

Concrete ioga ­.. . .. Dome. .sPl.n L ' e .-and ShapeTh.e diester pit of the concrete dome a. plt (Volume , Chapter3
consists of two spherical segments, connected by a truncated cone'(Fi'goure 7,3). The tor spherical ,e.nent,' th; "Dome", inthe'gar, sorneVolume, so it i useful to deal. with 'this sepnrntel ,,,, .

'Phel-P are severz')l narvaneters 'belonging a
to circula-r or .spnerical

'VSe-ent trlt are related o e.ch oth e r (rFi)ure "): the radius of ttnfqrc ( r), thl width of the qe'111d the enclosed angle (2Q): 
n t). u ne e of Lhe Segent (n) 

2r . -h 
2 +(?o r 4.(n' + d2') -ind' h r' r d
 

1f two 'of these parameters are known, tne other 'two can be' found.
 
The internal vo'.une' of the gas 
 i1ome (G)o aius: H and internal
 
neignt (h is':
c ' 

~(11 -- (Iii 

is t e externail !ie~j:gnt andt 


3' t 0R t). 
',c is the 'thickniess of Liie concrete. 

rhe v.olume of concrete in the sonerij.al :)art of thle Somre is tile externalvollime less tile internal volume: 

c C 
7f thle thickn~ess of the concrete 

dome (R1 ) 
(t )is fii' less than tne radius of>tnae then the' above equitionfcan oe sirnplifie-d 

5; 2 r 

55 Lu e 1r-mete
4 1 s 1n o ;ih r "1 eile
 
't11 

VI 
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Go M 2.rt.HI.(R 1 + tc).t c .
 

These calculations do not dllow for the extra thickening of the dome
 
in the region of the collar. The volume of concrete in the collar (G e ) 
ean be found by taking the area (A e ) of the ,.xtrj thicknen in nee 
h-alf of the -ross section (the shaded are i in Figure 7 ,) and the 
radius of tne centre of gravity (G) of this area (R,): 

Ge = 2 .1. Re . Aee 

For the TiCS designs of dome plant, au ipproximation may be made by 
doubling the volume of concrete in the spherical part of trte shell, 
to allow for this thickening. 

The internal volume of the lower spherical ig:;,ent can be found uslng, 
t:.e ;uove for:.ula, with the appropriate inter:il radius (A,, - L ) 1ld 
height ({. - Lw, where t is the thickness of the cement plaister). 
The interLal volume oY the digester pit (V. ), without the gas storattE 
dome is this volume, plus the volume of the t4une.ated cone (iDs: IDI - t 
and D, - t w and heignt: H,): 

V .((H 33 )2 (3(R 2 tw) (H5 -L)
((D 1 - )+ (2 + (D tw)( - t ).T2) 

S1.nce tie plaster layer over the ins.ide of tne digester pit is fiiriy 
tnin,(30 inm), the volime of plaster (V,) can ue found by calculating 
the sur:'ace area of the digester pit ( n) multiplyin. by tw;aid 

n.2R. + 2 +~LD - D 2 ) and:3
 

V = Ai . t w 

The volume of plaster used to seal the dome (V,) is:
 

g T . (H1 c ,
 
where t is the thickness of tlie plaster layer.
g 

The total volume of the bi.oas plant (Vt) is then: 

V = Vi + Gi 

The Working Volume of the plant is defined as: 

A 0 0 0 

2880 

I ,, 4 180 

,gur ' Volume of Cone rete i., kol . -f D-Y,, 
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Vw + ,Vi as 
the gas storage dome is not always full of slurry. In practice, the
working volume depends 
on 

more gas is stored 

the cycle of gas production and usage. If
for longer ii, the gas storage dome, 
the working
volume is reduced6. 

Example 7.2 
The volume of the CP20 biogas plant can be found from(Volume II, its dimensionsFigure 3.2, 
Table 3.2):
 

H, = 920; 

= 8HD 1= 4 000; R = 2 300; 
 t, -80;
H3 = 375; D2 = 3 800; R2 = 1500; 

2 rD 
t W = 30.
 

x O.a4' x 
 (3 x 2.8 - 0.,ai4) 
=5.586 i 3 

V Lt (3.9452 x 
(3 x 2.47 - 0.845) +(3"972 + 3 . 772 + 3.Y7 x 3.77) x 7­
==14.145 rnn.
 

Vt = 14.145 + 5.566 = 19.731 , (le. 20 3 )
,n
 
Vw = 14.145 + 5.5d6/2 = u.3 m3 .
 

The materials qu:tities 
 are given by:
 
Gc = 21 x 9.92 x 2.88 
x 0.08
 

U 1.332 m2 . 
The total volume of concrete in 
the dome is then 
2 x G :
 

3= 2.664 m (ie.2.7 m3 ).
The area of plaster in the digester pit is:
 

rn= x (2 x 2.5 x 0.875 + 3.9 x 40.616+ 0.01 )
 
23,440 m2
 

So the 
volume of plaster is:
 
VP 23.440 x 0.030 3 .- 0.703 m

The volume of plaster (with acrylic emulsion) to seal the dome is:
 
V - 211 Y 2.8 x 0.84 x 0.011 = 0.162 m3 , 

H1 

H2 

ttp
 

tf 02
 
Figure 7.6 The Shape of a Tunnel Fiogas Plant. 
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3 cement with 4% paint),
(ie. 0.12 m of 1:2 plaster with 2% paint + 0.04 m 

The volume of cement in the collar can be found more accurately by 
calculating the area of 3iape! ABC in Figure '.5: 

krea of Priawgle: AOC 'S.(S -OAT(S - OC).(S- t) 

f3.53 x Oh5 Y .> x 9.53 
- 1.425 n ,Im 

where S = !.(OA + OC 4 C), the half-perimeter.2I
 

The angle: AOC is given by: Are-i = OA x CC x sin(A&C), so: 

AOC - sin-1( 2 x 1.425 ) 
2.A7 x 3.19" 

° 0
Area of Segment :AOH = 1 x GA2 x ,\OU (c-fds) 1- x ,-.dt1 x 1d1i -

Area of TC - - 1421.31? = n.11.,
 

The centre of gravi ty (G) iies o." t: jitance between tne top of
 

sziape, :'.int : and the td- mid-print of tne base, line: BC.
 
Ihe radius of this :oint fro: *tie vertic-al axis of the spnerical 
segment, line: 

A[ = 21t x 

OP 

1.945 

is: 1.945 in, so: 

:X0. 11 *. 1 .' ,1 3
'r-

Tne tot;al volume of cnncret e in the roof of trhe plant is tnen: 

= 1.332 + 1.381 = 2.713 m3
 

7.3 Tunnel Blogas 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
 
tunnel is found by multiplying the cross-sectional area (A ) by the
 

glength (L), 

A RI (2a - sin29), 

where: 29 is the angle, in radians, subtended by the circular arc, 
radius: , at its centre.RI 


G. = A .L .1 g 

The concrete in one roof piece (g), which covers one half of the
 
width of the tunnel and is of length: 1 is:
 

S1.( + t )2 R2 ) .. 1 
2 1 c I 

The extra thickness at the edges can be allowed for, by adding 12%
 
onto this figure. The total volume of concrete in the roof (Gc ) is:
 

L 
(1 = 1.12 x 2 x g x L 

There are two types of ii1ester pit, or trench (Volume I, Chapter 4),
 
lined with ei ther brick mrvsonry or cement plaster. The internal volume
 
o tne brick-lined trench: (V.) is:
 

V. = D .H .t
 
V D. 2 L
 

where: ) and H2 aru the widths ani height of the trench.2 


The volume of tne brick walls (V.) is:
 

Vb = (2.H 2 .tw + (D., + 2.tw).tf).L 

where: and tf tre the thickness of the walls and floor.tw 
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11 tne outlet pit and tne end walls are included:
 
Vb 0 (2.H2 .t +
w (D2 + 2.tw).tf).B + (}1 + +i 2 tf).(7J + 2.tw).2t W2where: 
 B is the total length of the brick trough.
The internal volume of the cement lined trench (Vi), 
which has a
 

trapezoidal section, is:
 

V *!.(H 2 -- tp).(D I + 
D2 ).L ;

and the volume of the cement plaster:
 

p+ (D2.t2 + 2. + (H2 ).L.t .
If the outlet pit and the plaster on the end walls are included:
 

Vp = (D 2 + 2.t + 2./ I (L + tp) 2 ).L.t + 

2:.(H I + H2 ).(DI + D 

Example 7.3
 
The Volume of the TP1O biogas plant 
can be found from its dimensions
 
(Volume 1, Figures 4.1 and 4.2, Table 4.2):
 

I 600; D I = 1 130; i 400; L (A) = ) 000; t = 40;
B = 9 600.
 
For the brick lined trenen: t 120;
w D 2 DI; H2 = 800; tf = 'O.
 
For the plaster lined trench: 
 tp = 30; D2 = 800; = 800.12 

From the geometry of a circulac segment (see above and Figure 7.4):


e1 = cos 1(1 = cos (1 - 0.-) 700 
31' = 1.231 rads.
 
62
1
= xGi 0. x (2 x 1.231 - sin 2.462) x 9.0
 

= 2.970 m
 

9o = x (0.6422 0.62) x 1.231 x 0.5

0.0153 3 3


G0.0= 
m or 0.0171 m , if allowance is made for the ends. 

= 0.0171 x 2 : 9.0G c = 0.616 m 3
 .
 

For the brick lined trench:
 

Vi = 1.13 x 0.8 x 9.0
 

= 8.136 m3 ,
 
and 
the total volume of brickwork in the trench is: 

Vb n (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= 3.18 1 m * 

Extra bricks are used to 
hold the tunnel 
covers in place, 
as well as
for the inlet pit and reservoir. Extra concrete is used 
for both thecurved and 
flat covers 
for the redervoir. 
For the cement plaster lined trench: 

V =1 x 0.8 x (1.13 + 0.8) x 9.0 
= 6.948 m3 

and the total volume of cement plaster is: 
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Vp -(0.86 +32 x /' + 0.689) x 9.6 x 0.03 + 1.2 x 1.93 x 0.03 
. 1.050 m .
 

Agair, allowance must 
also be made 
for the Oricks used in 
this design,
as well as Lne 
extra concrete 
for the reservoir covers.

The total internal volume 
 for the two types of' tunnel plant are: 

Vt = 6.13o + 2.970 3
= 11.106 m
 for the brick lined trench, and
 
= 6.948 + 2.970 3
Vt = 9.918 m
 for the plaster lined trench.
 

The working volume is defined as:
 

Vw = 8.136 + 2.970/2 = 9.621 m 3 for the bricK lined trench, and
V = 6.948 + 2.970/2 = 8.433 In3 for the plaster lined trencn. 

7.4 
 Inlet Pits and Reservoirs
 
of the inletMost pits and slurry reservoirs

biogas plant used in these designs ofare of recangular shape, so the internil volume (Vr) is: 

V 
where: S a,:d S,, rare the length and breadth of tie pit and istnC deptA qIof slurry in 
the pit.


The volume of brickwqrk in 
the wails (Vb ) around a rectangular pit is:
 
b= 2.(S 1 + S2 + 2.tw). 2 ,t ,where w
tw is the thickness of' the walls and 
 3,2 toe 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 designed to take mucnmair function is to stress; itsact as a barrier to stop the slurry leaking
the )it. For brick lined digesters, careful backfilling of the 

from
 
between the brick walls spacesand the uncut 
pressures from 

earth ensures that the hydraulicthe mass of slurry in the nit are abso-bedof earth around the walls. by the massA brick wall can withstandstress. The very little tensionmain stress on this brick wall, then, is the weight of therest of the wall above.
 
The plaster lining used in the dome and in one type of tunnel plantiaalso only a barrier and cannot taKe any stress. It must besmooth, undisturbed applied toearth, which must resist the pressures on the 
cement.
 
The pT-rt of a bicSas plant that does have to 
withstand stress is the
concrete roof of 
a dome type plant and the arched roof of a tunnel plant.These must be designed so that all the 
stress comes in 
compression,
Which concrete, and also 
brick masonry, can withstand.
 
If the thickness of a circular concrete shell 
is small compared with
the radius of the circle, and 
the shell is unifornly loaded, the strains
within the concuete can be ignored, and 
the shell treated as if it were
a membrane. 
 As the roof of a dome or tuinelmetre unnerground, the olant is almost 1layer of earth aoove it should spread anyload above it (eg. a livebuffalo standing: on top) uniformly over the wholearea of the roof. The analysis below 
-s not valid for point 
or non­
uniform loads.
 

7.6 Stress Analysis for an Arch 
Taking a section of circular arch (7.7), subtending an angle: 20 at the 
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Figure 7.7 ?orces Actin,' on a Cy.indric!il Arch.
 

centre, the membrane 
 theory 	 can be applied if the thickness (t) is, muchless than the ridius (R) of the arc,' so that higher terms of t ( t ) calbe ignored.
 
The stresses on i length: 
 L of this arch are caused by the weight ofthe arch itself (s ), ' the weight of tne earth on top of it (Nv) and anylive load on top of that (MI). The 
mass of earth of depth: H above

the centre cf the arch is:
 

j = (2.(H + (Rw 1 	 (R+ 2 + t).(1 - cos$)).(R + t).sin$ ­
(+ .(20 - sin20)).,pe.L 

(2.(H + R + t).sinO - !-.(R + t).(sin20 + 20)).p .L.(R + t) ,
being a rectangular solid less the volume enclosed Ly tie rn:tside 

of the 	arch. 
The mass of concrete in the arch is:
 

Ms = Pc.(R + t).O.-.L .
 

The total mass on 
top of 	the arch (M) is then:
 

M = MW + Ms + M1 . 
The force (F = 
M.g) due to this mass, 
can be 	resolved into horizontal
(Fh) and tangential (Ft) components at each edge of the section:
 

F = F 	 F F 
ta
h 	 t - •sin0
 

The horizontal force (Fh) effectively acts as 
a force "pushing" the
two halves of the arch 
 together and is resisted by a strain in the
 
top of the arch (fh):
 

=fhf -7P.F
 

The tangential force (F ) acts outwards from the edges of the section,over the 
area of the concrete at the edges, producing a strain (ft) in
 
each edgu:
 

F 

Taking all these equations together: 

fh h- £L?_"e'H + R + t).slnO - 20) + O.t.A0L.t. tano e(R + t)(sin2O4 '" 

x (R+ )., + MILL 
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- (2.g.(H+t.si$..~D3 .(R + 2j) + " R+ .~~sn t)(sin20 +x ( + 0 .,+ MILE_
at).t,.H+ Uf~~~~~~ ~ ).i$ 

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 stresses on the arched roof of a tunnel plant can be found from its 
dimensions (see Example 7.3 above):
 

R (R1 ) = 600; t = 40; H = 900; = 70' 31' = 1.231 rads. 
-Tne density of earth (pe) is: 1.8 x 1 6 kg/mmS ; 

-

the density of concrete (p.) is: 2.2 x 10 6 kg/mm3 

The acceleration due to gravity (g) is: 9.81 m/sec.
 

Ignoring the live load, the force downwards on 1 metre section of tunnel
 
- 6 

F = ((2 Y 1540 x sinl.?31 - x 640 x (sin2.402 + 2.462)P x 1.8 x 10

-+ 1.231 x 40 x 2.2 x 10 6) x 640 x 1000 x -J.H1 

= 22,317 N1 metre length.
 
S22317
So: fh 1000 x 40 x tAn1.231 0.197 /rn" or MPascals, and: 

ft = 22,317 2__/m = 0.296 or2 x 1000 x 40 x sinl.2 91 or Pa. 

If the values of the horizontal and tangential strains are checked over
 
the range of angles from 0 to 70o, it is found that the horizontal
 
strain reaches a maximum of 0.516 N/nm', at small angles. The tangential
 
strain is maximum at the above point, where $ = 70 31'. The value for 
both strains 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 top):
 

F = 22,317 + 700 x 9.81 = 25,751 N1 metre length and:
 
2 29
 

f = 0.228 N/mm and: ft = 0.342 N/mm 2.
 

Even putting a 1.5 tonne tractor on top, straddling 2.5 m of plant:
 

F = 28,203 N/m; fh = 0.249 N/rnm2; t = 0.374 N/mm2 . 

,
Since the compressive strength of concrete should be at least 10 N/mm2
 

(CAI) the concrete roof pieces of a tunnel plant are easily strong

enough to withstand this level of uniform loading. In practice, the roof
 
pieces are far more likely to be broken while being tvansported or put

in place, by sudden non-uniform loads, such as being dropped on one
 
corner.
 

7.7 Stress Analysis for a Dome 

A section of spherical shell (Figure 1.9) which subtends an angle: 20
 
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 sphere. 

The mass of earth (Mw) of depth: H at the cenLre, 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 = - I)1.H).(R 
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Mw= Pe ((R 
 t)2 -sin2$.(H + (R + t)( - cos)) 

- (R + t) 3 ((1 _ 0os$)2 _ .(I - cs)) 

= #'T (R + t) 2 .((H + R + t).ein2$ 
- (R + t).( - cos$(1 - sin 2 1) + cos 3$))

t.((H + R +t).sin 2$ + .(R + t).(cos3$ - 1)). 
The mass of the shell itself (M ) is: 

Ms = .pe.I.((R + 3t) _ R3 ).(i _ cos$) (V = . .R2 .1I) 

-
2 "pc.TI.f.t.(R + t).(i - cos$) (ignoring terms in t ).

The force on the spherical shell is then: 
F = (Mw + Ms+ M)gand the horizontal and vertical =_+P t" 2.((H +.( 
 + ) . in 2Components are: 3-- 20), .+t. 

htan and: "tXThe horizontal 
force acts 
over an 
arch of the shell, of area: 
A. = 2.t.(R +Fh t).$ , so: 

The fh =2.tTh.R 7tangenta force ;icts over the aree (At) t the edge o the dome: 
4 -2(.(Rt).t.sn3 , so: 2 ------- -

Taking all these equations toetr: 

7,1?
 



f + t).((H + R + t).sinjO + i + t(cosg-) 
h t.O.tan -Rt( -_obL
 

f (R + tX(H + t)sin I t)(eos3 ­

_ o,- -- ,osj) 

Example 7.5 
The stresses on the dome of a CP20 biogas plant can be found from its 
dimensions (see Example 7.2 above): 

R (R1 ) = 2 800; H = 800; t = 80; DI 4 000; 

sin-l(2 sin 1 (-----.-) = ,10 35'i,) O.' r.ds. 
12R 2 x 2.8 

Ignoring live loads, the force downwards on the wholr of te dome is: 

2.'C.x 9.81 x 2880 x((- x 3860 x (sinO.')u) 2 4 1 x 28802 x
3 -((cosO.796) - 1)) x 1.8 : . 2600 x " (1 - x10 .o60.79b) 30 

-2.2 x 10


= 352,174 !",
352,174
 
fn = x 80 x 2880 x O.'7)6 x tanO.796 . J40 N/am or MYPa. 

f. 35,, 1 4 2;/r:n22a x 2880 x 80 x (sin0.796) 2 

If the values of the horiz 8 ntal aB d tangential strains are checked over
the range of angles froT 0 to 45 , it is f~und that the horizontal
strain is maximum at 20 , being: 1.07R N/!am". The tangential strain is
maximum at the above position, ie. 45 35'. Both strains are alway3

positive, over the above range of angles, 
so the strain is always 
compressive.
 
Putting a 1.5 tonne tractor on toL , f the dome:
 

F = 352,174 + 1,500 x = ',., 'O- and:q. 8 1  i 
f. = 0.979 N/mm2 and: f. = 0.511n
 

Again, ince the compressive strength of concrete should be 
at least

10 N/m , the dome of a CP20 biogas plant is easily strong enough to

take c-ven a tractor standing on top of it, as long as the load is
 
xniftjrmly spread over the dome by the layer of earth above it.
 
The tangential component of the weight of the dome is taken by the

soil on 
which it rests. The weight of the dome is higher than calculated 
above, as the edge is thickened, giving: 

F = 357,593 N. 
However, the area on which the rests (At) isdome then: 

At = 2.TC X 299 x (300 + 100 x sinO.OV6 ) x sinO.796
 
2
= 4,986,545 mm

35'. 5")3 
=4 ,45 x siriO.77 0 10():/: 

A medium quality soil has a bearinp capacity of 0.12 N/mm 2 (Khanna), 
so would be strong enough'to support the dome. A poorer soil, assuch
soft clay or sand, may not be able to support this load, 80 the dome
might settle into the ground, or even crack due to non-uniform loads. 
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Figure 7.9 Alternative Desinn of Collar for Use with Poor Soils.
 

The use of brick :llars is one w.ay to support the dor:je (see Volume
Cnapter 3); 
the area under the Dase of the pillars should be at least
6 sq.m. A better way would De to redesign the collar of the dome foruse with poor soils. If the thickness of the edge of the dome is made 
to be 450 :n (Figure '.)), the compression of the soil is reduced to0.067 N/rna , wnicn i within the bearing capacity of even a poor soil
(Khan... hoe volume of ti ollris 2.1 m, iving a total 
volume fc- the Nhole top of ).448 m
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Chapter 8. DEVELOPMENT OF C01,MUiITY BIOGAS IN NEPA-L 
 D. Ailford
 

The concept of community biogas technology is based on three basic

assumptions, which make up the "community oiogas equation". If these
assumptions are yalia, 
tney offer ;Awqy in whicn the restraints of
biogas technology, particularly the relative high capital cost,
be overcome. This would 

can
 
,lhow poorer sections of the community to


benefit from this technology.
 

The 	assumptions are:
 
Scale: 
if a large scale oiogas plant is ouilt, the effective cost
 per 	cu.n 
of bio~as produced is lower. A community of reople can
share their supplies of feedstocks ano other inputs. 
Ecnnoinic: a largrer bio.4 As pian produces more binr;as, which may beuseo for purposes thii generate income. If a 0iogas plant can earnenough cash so that the 	 origional investment (as a loan) can berecovered in a short enough time, lack of money is not a restraint. 
Socioloical: if , biok-is plant is )Iac d itithe. ;o,--i: con:text ofa Primary groutp, it wil1 evoke toe, sime set 	of ?'et, 1.i ous as in thecontext of one owner/user. A primn:ry group is ciiaracterised asnaviri 'fa-ce to face' rel:itionshit:s, snaring close pnysical proximityand naving a :otn;non ijentity (Cooley), so they snculd have a common 
set of responsiuilities as well. 

These risunpLions nee!- to ne tested ir,a real envirorment. This was 	doneby looking at previous attempts to set up community ologaS plants inNepal, as well as setting up our own project. 

8.1 	 A Survey of Previous Attempts 
Tnere wan one prozrame in Nepal in 1JT), sponsored by His Majesty'sGovernment of Nepal and United States AID, that planned 
to build 4
community biogas plants, one in 
each of 'the Development Regions of that
time. Three co'zmunity plants were completed (Karki). The plants drew on
a wide range of possible uses of bio 'as technology in a number of
dlffer;ont soci il settings (Bulmer).
 
Plant uumtner: 1 was sited in 
a settled village envirornent, with cow
dunp as the feedstock, and the baopas used for cooking and lighting
by 5 Hindu tousenolds.
 

Plant number: 2 was sited in a resettlement camp for 26 Buddhist
families, to provide lighting for the 	 work of carpet making. Both coudung and human excreta were used 
as feedstocks.
 
Plant number: 3 was sited in an 
 'irban ,3etting to provide gas for cookingfor 10 low-caste Hindu households. The main purpose of the plant was
to take human excreta from latrines, that were to 
serve as a hygenic

measure for about 300 low-caste women.
 
One year after these plants had been copleted, none were working as 
planned: 
PlanL number I was only ueimg used by 3 of tne f'im lies. Only onefamily really Look interest, in the pvlit, although they complained thatthe 	biogas appliances and the plant itself were in need of repair. They
did 	not know who to 
approach about maintenance. 
Plant number 2 was being used by 5 of the 26 families. Gas was insuffic­ient for all 
the lights; probably because of pipe leakages. The

latrines were still being used.
 
Plant number 5 had been abandoned. There 
were several problems of itechnical, social and administrative nature that proved too complex to
solve. The biogas produced would not burn; 
the 	latrine attendant (a man)
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was not being paid (from 
the sale of oiogas); the initial popularity

of the latrines faded as the system became overloaded and began to
 
smell.
 

Pime main causes of faIiurC in these ,nrj' ,ect,,n were id'erIifiie as oeing

ir, the approa,.,,t sed by t.,e implemen i, or- inisatlio,:, f %.?

communities. Many pronle:":4 reta ted *o t : orkanitm of:e. i i ott these
communities cnly came to IIntL after the bogas pli.s were buil t. Dat.
must be collected about t? corn'nunity in WhiCn a bioa:3 project is to

be built, before any technical work is started.
 
Priority was j,ivp t.o the uiild in if' the biogas p.ant, l tot the
real needs anv priorities of the peoni e :lay have beet) entirely

,iffere.,t. "he real needs 
of a ,mi'ot ty ,ust he :isnseqed ,),je.'.ively,
-Ind i ' bio 'an '1cw .,;y : rtio : , : IStr r "' ieed ,i,;tin then
 
a plan should L:ot .,o there.
 

Peopl e in these co,r,iu 'i.ee e ou, 2,In '. work to,-, tner ':1 well as they
 
ti!oilcht they could. Methods should be 'evised tn :qe neople's ability
 
..o worr to e. , 'el'or(.- they tri-,tO a
committed suchroj'itiv *, exesivle proie't tr: btAio ,1a . 
hese biopas plants were I for tie con:,uni iis, -),:d "or 6y tne 
i ":e:,-y, The people ex nected the id m,,et ';0 rev.• ,ir the plantote,,ey wentL wro *,~:nd ;u.:i ittle co:.,nn tawi, tn erns,;re th~!y were kept 

.If'eowle : ,t:e a 'i:t: jdf ;:otr; t h, "te':..,4..e:', t?! na,',.i.t 
tev I ' C:otre r tc-or ilo elvI . o ,<i :' 

0 i,', 2:e )i-:. ] 'ere i s c -,i- re 1 tc' to :'uo, ,,rna:4 , suC l ds '/2..: iA 'nti for ;.ak: , te usesili c!ruet for toe :.-,gis dJI.,lotearn an inco:te directly. If ouioes i., used dirF',tiy t,)earn money, then

people have a hiit, iricen-, .e to continue to use it,.
 
The i'nole're iti:] ara',. ~ilti on 11eit tr pro cts, once the ',ofa:n plantswere Duilt. 2'a, responsibility for .3u:tl - community proJect does not
end there; c-areful follow-up, traininr7 ;id vintenance are required to
 
nsure sucia proje. t continues working.
 

,1.? .,o.rcher Approacn
 
Three indepenlet institutions here involved in the s'eeond community
bio'[as prograntne in Nepal, each taking on a particular resorisibility. 
The Small Farmers' Development ProgIrawmme works under the Akricultural
Developnent Bank of Nepal, witn the guidence of the Freedom from Hunger

Campaign of the Food arid Aricultural Organisation (RAFE). They help

to organise poor farners into groups that are then asole to borrow money
for development projects. The Nepal SFDP also provides expert he'p for
 
some of thes9e projects, such as pumped irrigation and improved livestock

breeding. 
The ADB/N provides loans for such projects at 11A interest
 
over 7 years. They also had 
a fund from United Nations Development

Programme to pay )0% subsidies for the setting up of community biogas
 
plan ts.
 
The uooar G-is tatha Krishi Yantra Bikasi (Pvt) Ltd was, set 
tip to build
 
biogas plants in Nepal (,.-ee 
 Volume I, Wnapter 13). They offer trailning

in biogas technology for farmers and l'ive a " year guarar:tee for arny
plant they buil.d. "'hey hive network of' sales and service depots in
manly parts of Nepal, -tidmake yearly follow-up visits to customers, is 
part of the guarantee, to do minor man;iintenance. 
Development and Consultinti Services nas Deen continuing a research anddevelopment programme on biogas (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- 7Village District 
 Machines:
 _ holds Huller Grinder P 
1981 4 Pik ega rd Rupendehi 11982 22 hokatey Gorkha1 1
1982 4 rlhu aha Nawal Parasi1982 5 Laxinipur Dan g 

1 1 
I 11982 10 Pokodyia Dhanu sa1983 
 4 Birendra-
 Chitwan 1 1 

nagar
12 Madhi
1983 Chitwan 1 11983 5 Dular i Itaharl 1 11983 37 Madhubasa Dhanusa 

Table *1 Community Biogas Plants Built by (lobar Gas Company. 
m;e Small Fariners' Development Programme had valuablegained experiencew Li~orki'g witn _orf.al..f (4 to 20 houoeholds),r: "coVnmu iy" biofa e ".In't wIs built for such 

so the 
a rouu. Four families,wio lived near to each other, agreed to purchase an SD50 biopas plantby takinc -,'t a cooperative loan from ADB/N (which requires ltisssecurity than an indivldu:il lo 3I). vereSF0P also able to find a 50%.ub311' for the biogas pl jut. Iniriia.ly the biogaa was to be tled
only cooking, vnd lighting, but, :oncerns about finding enough money 

for
 
pay oak the loan oncoura )edI,!e four families to test the 

to 
e'gine driving a ric e huller (see Study 8.1, 

use of aii
Case following).
 

Since tnis fir... "group"

(see Table 8.1), about 7 

bio 'as plant was built, others have followedin all. About 7 more have been ordered and
are being buIlt. The growth of interest in group ownership of biogasplants has coincided wiltn a growth in interest in the of biogas touse
run engines to drive grain mills. At least 6 individually owned SD500f'iogan plants have also been purchased in the same period (4 years),to run engines, and more have been ordered.
 
l'he I'group" type of conmtinity biogas plant be
the "village" bioga plant, 

should distinguished from 
s in which larger numbers of people areinvolved. Only one villape biogas system has been set up, at the time
of 'Yriting, to drive an irrigation pump Case
(see Study 8.2, following).

The difference between a grcup biogas plant and 
a village one is not
always clear, The plant at Chokatey (see Table 8.1) is counted as a
aroup plant, oven though 22 families are involved. A group is acolleetton of people who have 
come

they can take 

together to form a cooperative, sopart in a development project, usually with the help of
the SFDP in Nepal. A group of 22 families is near the maximum size.
The village of Chokatey 
were helped by the Resource Conservation and
Utilization Project of USAID. A group is self-selecting: people onlyjoin it if they wish, and people can it atlea, e any time, as long asthey have fulfilled their commitments to the group.

A village 
normally 

biogas plant includes everyone in a natural community, wholive and work closely together. A village grouping tends toinclude a larger number of families (over 20) and maywho less include peopleinclined to cooperative ventures,are 
or who have littleinterest in project Sincethe (Roy). tensions and divisions are farmore likely in a village, than in a group, a village biogas project ismuch more difficult to start. 

/
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Case Study 8.1: Group Ownership of a Biogas Plant. 
Village : Kusongodal Kusongodai lles 5 km South-West of 
P:nchayat : Tiklegard Balawadi, which is on tne Butwal-

Ward No. : '7 
 Bhairahawa road. 
District : Rupendehi
Zone : Lumbina Plant used for cookitL g /igliti.tng/milling. 
in 1980, the Small Farmers' Development Programme manager (the Group
Organiser/Actioh Research Fellow) suggested to 
SFD Group Number 36
 
that they set up a community biogaa plant. They were having problems
with obtaining fuel in the local area and had seen av Jndividually
owned biogas plant nearby and were interested by it., The SFDP GO/ARF
asked DCS -o make a survey of tne village (Bulner).
 
5 of the houses in the village of Kusongodai were very close together,
 
so the piping of biogas to these houses would be easy. 2 ,-ther houses
 
were fairly close. 
 All the people living in the village (1() families) 
were Brahmins and related to one another. They traditionally worked 
together in their farming ictivities rid had beer, involved In the 
Small FbLners' ,evelopineut -roup. !I 1'O, they were spending about 
Rs.1,500 per household on wood and kerosene for cook'ing and lighting.
These prices were increasing, and would have doubled r3y 1990. 4 of 
these families had approximately equal landholdings -irld livestock. 

Each house (Ito) 5.F y 

has: 1 lamp House No. 
2 ring burners. 

J Cattle Shed 

Occupation 

F Famew 
7.7"] B BrahminCaste/Tribe 

3 - Land Holding
F 17m i Bigha 

3 L Fe-lds - Number of cattle
Road - Number in Family 

Mittir Shed MLL__et.i's 

Gasr Engine 7HP TVI 
Plpelinc K irloskarFields . -Pits Rice HuLler No. 4 

~~ M___~~ Rai.Ry 
*rl n so~j0 -F-our Mitt 12" 

_,_Pn_. Black D iamondI___
- F_._ Totals of_­

~9 8 People 1241261 
Animals 27 121 

Ptan of Kusongodai 

Figure 8.1 Small Farmers' Development. Group No. 36, Tlklegard. 
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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
the opposition of one SD500 biogas plant; and
family head (no. 5), 
who was a respected elderly
prlest, who had influence in the village.
 
The uiogas plant 
was built in April.36, proviiing 2 

19 1, for four fainilits of SFDG No.ring ourners and 1 biogas lamp for eac! o:(see Figure the 4 houses8.1). In February 1I,82, thethese families Gobar jas Company persuadedto install a 5 HP Kirloskar dual-fuelhuller for a 6 -month trial engine and a rice­period. In August 1982,taken back by the engine wasthe Gobar Gas Company, and thedual-fuel engine villagers bought a 7 HPand a flour grinder with a loan from ADP/;, throughthe SFDP. They later purchased the rice huller from DCS.
 

Allocation, of Responsibilities
The villagers have carefully organised
biogas themselves to ensure thatsystem works well. Each thehouse brings 3 buckets o" cattleto feed the biogas plant dungeach morning, and a personhelps to mix the slurry. from the house 
main 

The four house heads have agreei t1) open thegas valve at fixed times, so the gaas can be5.00 to 5.50 am used for, cooking:for early morning tea; 6.00meal; 1.30 to 2.00 pm for 
to 8.30 am for the mainafternoon tea; 6.30 to 9.00evening meal n for *.ht­and for running the gas lamps. The 4 householdsin turn to be responsible take itfor the oversight of the main t7%s valve for10 days at a time.
 

The mill is used for as 
 long as tnere is demand forthe winter months, when its eervlo-es. Inthere is lessto gas, the hoases have to usecook the evening woodmeal. Outside customers tend to come to the villageto have their rice hulled or grain ground towards late morning. If the
gas has all been used, they will run 
the engine on diesel alone.
The effluent slurry is collected in pits at the edge of theEacn nousehold has its own village.storage pit and takes slurry from the
central pit whenever they need it. They must count theof" sllorry that they take and make 
number of buckets 

sure 
that each house has the:1111 . 
sameQ 11Lu 

Tne mill is operated by two people: the driver, who is 'hired from
outside the village and 
a cashier, who is one4 households. of the people from theThe driver arrives for work
hour off for his mid-day and evening meals. 
at 7.00 am an,] is given an
 

however He is paiu hs.300 a month,much work he does. In the slack seasons (eg. the monsoon)may only work for 3 hours a day. In 
he

the harvest months, he may have to
work for 18 hours/day; sometimes all night long. He oftendiesel (20 collectslitres 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 ol 
paper to the people waiting to have their
grain processed in 

argruments about 

the mill. The slips have numbers on, save
who came first, and they also show how 
to 

being much grain ismilled and how much must be paid, in money or in grain. Duplicates
of these slips are retained by 
the cashier for accounting purpo'ses.
The jot of cashier is taken by each household in turn.
Trlie casnier writaes a record of the daily income in ano. 4, in the presence regi ster in houseof the head of the house.and money to house no. He then takes the grain2, where it is again recorded and put away forsafe-keeping. The head of house 
no.
record repayments to the 

2 also keeps a monthly register to
ank for the loan. He also sells grain fromthe stock earned from miliing to people who 
come to buy it.
person Another
from another house must 
be present, when grain 
is sold.
 



The wort of maintaining the engine, mill and biogae 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 satisfied with this service.
 

Effectiveness of a Group Biogas System
 

The villagers are very satisfi,:i with the dual role of their biogas

plant, providing fuel for 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 is enough to finance the cost of the loan
 
repayments, so they do not have to find that money elsewhere. The close
 
cooperation between the 4 householdo is motivated by the benefits that
 
they see coming from effective operation of their biogas system.
 
It has rot 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.:ons are difficult to understand. (See Volume I, Chapter 11
 
for an estimate of monthly income and expenditure.)
 
The villagers seem to have been able to compete with other grain mills
 
in their area, about 5 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 system.
 

Case Study 8.2: Village Ownership of a Biogas Plant.
 

Villag3 : Madhubasa Madhubasa lies 6 kin 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 Irrigationi/lighting/cooking.
 
Madhubasa village people had set up their own cooperative society

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 Farmers' Development Group

in 1979. SFDP suggested the village as a site for a community biogas

project 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 themselves. All villagers are members of this society
and 11 persons are office holders. There are regular meetings at whichminutes are recorded. Tht- ;Dinutes become law in the village, once theyhave been fully discussed and everyone has signeed their numne, or madetheir mark, after tihe minute (Bulmer). 
Madhubasa is rot a typica. village, altnough the Magar tribe are notedfor 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 vilagers.At first, they had little interest in biogas technology: they had not
seen 
a biogas plant, or even heard of the idea; they did riot 
have a
problem with cooking fuel, being so 
close to the forest. They had
main concerns: the yearly monsoon flash 

two 
floods were erodi:-,r the landon whichi they were growing their crops; they wan ted to irri,,,te theremaining land, so they could grow more crops on it.
 

After deciding to work in the village, IY3 defined ,revmrc1 
 rir:ipleson whic h we would work: the identity of the village hL11 t,, Ie respected;the Society with a Little Vision was unique and all the :3" rouseholdsin it had to benefit from any develoDprent work dore In the village.The first priority was to solve the problem of lanid erosion. .After that,a community irrigation scheme could be planned: 
first by diw fing wells,then by installing a lift irrigation pump, that could be driven by

biogas.
 
The land erosion problem was 
reduced by building ga.ion barriers into
the path of the flash floods in 
the dry river beds. About 5.5 ha of
river bed was reclaimed for agriculture, in this way (Bulmer). Severalexploratory wells were dug, as 
local people thought that the Jalad river
flowed underground during '-ost of the j;ar. Two permenant wells, 80 mapart were eventual.y constructed, with an underground plasti( pipe
connecting them. The Japanese 
 funded Janakpur Agricultural DevrlopinenlProject gave much help for this work, including expert tecnrii:al advice
and the usc of digging machinery.
 
The work of construction of tne gabion barriers was done ,nainly by the
villagers themselves, once they had received training in the making
the netting boxes 
from wire. Stone was brought to the site by 

of 
a tractor
and trailer, loaned by J.A.D.P. This gave us ample opportunity

observe the people at work and 
to 

to test their cooperative spirit.

Planning for the community biogas irrigation scheme was also done.economic feasibility study was done (Fulford) in 

An 
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 the village; the members eventually
being the office holders in the Society with a Little Vision. No womenwere on this committee, although advised that there shouldwe be. 

In May 1982, 6 members of the committee went o.. "i3iogas Tour", vsltiln:the Gobar Gas Company office in Butwal, the group biogas plant inKusongodai (see Case Study H.1) and the oiogas irrigation scheme inParwanipur (see Volume I, Chapter 8). The villagers wrote their ownreport on this visit (Madhubasa). In October of the same year, two ofthe young men of the village were sent off for a course in engineoperation and maintenance at JYADP. 
The village were loaned a diesel
engine, so 
they could become used to its use. Tests were also done tosee how much water could be taken from the wells qt different times of 
the year. 
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Figure 8.2 A Hap of the Area around Madhubasa.
 

Decisions 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, consideration
 
was given to alternative uses of the biogas. Irrigation is a seasonal
 
activity, so tho pump would be used for only 150 days of the year. The

villagers wanted gas lamps in the village, so 
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 burners
 
were also placed in the community house, for use in r.W.king tea for the
 
meetings and for guests in the village.
 

Another suggestion was that the engine should bc used to run a grain

mill, as they had seen the one at Kusongodai. S~me people even though6

the biogas plant should be sited at Pushbalpur, near the road, where
 

We l Well
 
Sumpset '- Pumpset
 

Biogas Plant
 
Wiger Dn500 dm Gas
 
closaby Dung carried Pipeline


Carnal
60 rOnCanal 
Fields Fields Water 

We2Alternative1Alternative 

Figure 8.3 Alternative Sites for tne Biogas Plant.
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such a mill would have more customers. This idea was unanimouslyrejected at the next mosting, because the women of the village protested
to their husbands that they would not benefit from such an idea. 

The origina!i scheme for using biogas to run an irrigation scheme has
 
been kept, although the whole system could Ue 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 storage tank for the village.
 

Siting of the Biogas Plant
 
From a technical point of view, we recommended that the biogas plant

be sited near the engine by the well. The biogas would need to be piped

only a short way, and the effluent slurry could be put directly into
the irrigation water. Water for mixing the slurry would be available

from the well, nearby.(Figure 8.3). The only disadvantage would be that

cattle dune would have to be carried from the village: 300 or 400 kg

for 500 m each day. The villagers disagreed: carryinig dung would take
 

Gas Pipeline N 
El
F1 toEngine 

ElEl500m
(site 1)
 
Settlement No.1 19Houses
 

[]
 

--­ ] .[ Settlement No.3 
6 Houses 10 

Community " Biogas r- r 
House 

1 lamp W8 er 
2~~~ rgbunr p M,.22 ring bumers 

Pnt 

site 3) 

Slurry
Pits 

loutside 

(1amp 

r-C] 

F-I
 
Settlement No 2 

Malhr r C] Pushbalpur
" km (site?) 

Figure 8.4 Layout of the Settlements in Madhubasa Village. 
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too lot, each, .i'v, and tne, were r, DreDared tc Kef. ' i, i fI. 'U\,
fruir the village. Phey were concerned about thr set,:wri '. :.I biog:isplant, being afraid -4s much of possible attacks from evil spi 1 I's ;is 
possible human interference.
 
The oiogas' planti was sited in the village. The idea of carry rig the gasto the pujmp each day in a plastic balloon was also re;iected. Such abag, which would have to ue at least 7 cu.mn n volume, would De diffioultto carry arid would quickly fail. The idea of a 500 m pipeline to carrytrie .. iogas was adopted. If the pipe i.s of the correct size (see Vollm',, I, 'hapter 0), tne oiogas should reach the enginle witrout imuch loss it.pressure. 
Juch 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 vilage arose.Most of the available l:and belonged 
to the leader of the community an
his brother, so they wanted to 
put it near their houses (site no.1 ini
Figure 9.4). The otier villagers wanted the plant in the centre
to te

of tne two main settlements of the village (site 3),(site rio.2 at

Pushbalpur had already been rejected). The 
two brothers agreed to
give the land between the two settlements for the biogas scheme. Tie
water tap would also be theon same land. The biogas 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.
 
Tile (,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 g-roup biogas plant at Kusongodai had set the precedent; of giving a
50% subsidy for community biogas projects, so this was followed
the Madhubasa scheme. The rest of the capital cost had 

for
 
to be paid from
 a loan from ADB/N, 
via the SFDP. Not all members of the Society with a
Little Vision were members of an 
SFDG; 28 people were members of
Jroup No. 37, while another 7 formed part of Group No. 
67, with b
people living in Malhator village, about 1 km away (Rigure 8.5).
 

adhubasa Vilager, (SWLV) Malhator Villagers 

Rich 2- 2 
Farmers SFDG No.37 SFDG No.67 

Figure 8.5 Different Groups in Madhubasa Village.
 

The solution was for the members of SFDG No. 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 11% interest. The subsidy was paid from the
 
USAID grant.
 

Irrigation of Land
 
The wells and Dump-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-h6,LsehDms have land in this area; another 10 people have land in
another place, while 5 households 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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Sev'-t:.. idieas were nu, f'orwarc(i, ruL di3(.-USSiO~j!0 ,tCttyear' forcE the n) t %,el was 01,f'or " t IresolI el . One ide;i V,,;I,- IPmiefi I"Gas Hights", whereby tiu , o fthe people using the eiriine wouldthose who contributed pay :i fee i.odung arid labour,
irrigated but did not have lani in thearea. A similIar system of "Water Rignts" was usedplaces in Nepal tr, otnerwith community gravity irrigatior, s'Themes (Martin).This idea seeme(I 
was to buy a piece 

to be too complicated for the villrige. Another ideaof !and that was owned by someonevillage, but from outside tnewas in the irrigated area. The owner was keen to sell,but there was no obvious source of money with which to 
purchase it.

The real challenge to Lrne 22 people
that who had lano can( fro::i the ideathey should be willing to share it. This ideapopular with the was niot at all11 committee :nembers, 10 of whom nad land in theirrigated area. The turning point came when the committee membersasked to imagine that tiney had werechanged roles,had to imagine that they did not. 

the ones that had landAfter an hour of very heated discussion,they all agreed to lease a portion of theiri.n which land on the "Bathya" system,the farmer and the land owner snare tne crop onIhe people a 50-50 basis.in the villape had come to recognise that living in communitymeant that things, ever, land, had to be shared. 
Tile real test of this agreement, which was written in the minutesto which everyone in the village has put 

and 
when their signature or mark, isthey start getting 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
 

Contour lines at 10m. Gas and Water 

" r No.o2 

Water A t..W , Tap 

r Re4ame Lan Setemn 

:s Wel l\.\_ _,,--

Gabion Barriers ­ '.,Road to Village

Jalad River (usually dry) 
 metres: 0 5O 100 150 200 

Figure 8.6 The Layout of the Finished IBiogas System in Madhubasa. 

8. I, -



system. rh- engine has been' ueed to pump water to the drinkir: water 
tank arid for irrigation. The engine runs well on biogas, .aid sufficient 
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 evaluat'ion 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 came from a subsidy: a political rather than an 
economic or technical solution. 

The real value of a community, a group or a villate, biogas plant
 
comes when it is used to run an engine which can ue used for activities
 
that earn an income for the villagers. This concept introduces a
 
vitally important new dimension into tne whole concept of community
 
oiogas.
 

People's commitment to a "ooperative project depends on the benefit 
that they receive from it. If the project is earning a cash income in
 
which all the members of the 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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