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!<URAL ELECTRIFICATION IN INDIA: 

BIOGAS VERSUS LARGE SCALE POWER* 

Wally \.'.£YD~r . 
Cornell University 

by 

John .,Adams 
University of Maryland 

One po$sibq:e .m$a11s 1of providing· electricity to India's 

SSOl 000 yil~.9-g~s is by 1,1sing animal, human, and possibly some 

forms of vegetable waste to make methane, a fuel ·that can be 

employed i11 srnall genera-t;ors located in or near. the cornmuni ties 

to be served~ Th.ismethod is oftl::!n called the gobar gas process 

in India since "gobarll-,-c9-tt1e dung'.""'-.is the main ingredient. 'l'he 

principal alternative, and the one that has been pushed ip recent 

drives fo£ iriraf elec.trffication, is large-scale power works, 

using coal,.hydroelectric potential, atomic el1ergy, or now poss:i.biy 

.oil or>gas. Reliance upon the large-scale system mandates an 

. extensive power grid, vth.ich the local system .aces not. Tl}e Indian 

government is· ¢bnsidering a commitrnent to zj. sizeable small-scale 

power program, posstbly ifspisted.by multilateral fpteign aid. 

The economic basis of this decision and its ramifications for 

rural s.ociety>have nqt, however, been systematically assessed. 

In> this pap~r we will undertake a cost analysis of the two · 

major rural powe;t'.op{j_ons: Central power facilities and biogas 

1.mits. We wilr:coritra.$t OUr>findings with the estimates of the 

major previous,ptudiesof biogas ~lectr:i;fication. In our judgement, 

------------------
*The Center for.Internabional Studies, Cornell University, 

provided pc;;1.rtial s.upport J.:or the research upon which this paper 

is based. 
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. . . 

--_·'their cost estimates have been· ~u!St3t:arttfii.j_1y bias:ed'. towards lodai 

_units. Our conclusion is tha:t, on average, centralized power 

produ9_t:.io11,::<:p-nd a{st,;;r:fbution ijave: an · ~ppr,.eciabJ~. cd$t adyantage 
. . ,•,·· '· ·' .... _ , '• ' .. ", .. ,·,.•,· .. · . · . . :• " ,,,.. . . ' . . . ., . . . 

. o~er,local units. Where villages. are remote ':from -transm,i$sion> 

lines, however, -small· ·s'cale units may provide a -cost savings-. -

There -are thus numerous ·;locati:onJ: -~'.Q rur:a1 •· Indi;;,:i .whe:fe gobia.r gas 
. . . . . . , 

__ ,faci.li.ties Ill~Y '.$ .. erve .a:t .l.ea~t, as a transitional source of power. 
• • c, • • •• • • '• 

We will comment upori the administrative. problems associated with 

providing cind servicing . the~.e decentrali:Zea generators arid mention -
. . . . 

some q.:f}tt:ne- .i~plica~fqris o'ft 'impl~itfng t:his new technolo9y, _ iil --

-tli~ :ridia~r-v{tia~i'~f setting. 

That biological· materials cap, l,?~ us~d to g.enerate comb~stible 

·- ga·s~s '.has. been knpwn f9r 'some J;:irne •. _ In nort~e:rrilt~ly ip 1776, 

'Ales.Sandra Volta .recognized 'the co~resporidence betwei·n the vol_un;ie 

- ,pf combustible· gat;J g¢:nerate_d .:.by la~e '.,s~!li1'1imt,~ -_ and the an1ount of 

1,·lailt':~a~~ri~l in :the\,,SedimenB. - iiJ\~:ling -· th.e ;$~,conc.'l _ world ~ar a 
· >,',";>, . •:::-•{~~ ·c1··;•· • 

. numb~r .9:J vehicle_s in Germa.)f!y were,.i;conve,~ted.tp, m~thane Operation. 
. ... . ".·. : . ' . . .. ._, . . . 

R€s:e~~cll.-;;in Ind~ia -,~,gall at the Indianfi:Agri'¢ril turaj. Research 
. . , .. ·'. , ·.• ·, ' . . . 

- Insti.tute· in 1939.·: Althoqgh c1,num.l5er 0:t\t~~:rim~rftal pl.ants 
· · ·.· · . · ;· ·, :-,ttr/·-_,,..:--,-:· -

were 

. ~01¥~ili,~f!-~' -_-,_·a·1.;::~_:v~·a".-_:_:_rl..-_fal'.;-_"_:_·as.•_,_-_~_•,ib_._;},rl,:,,_,e?_;~-·f-_,:.-_--Ou_•-_,_-nr.J .• _·_; •. ,._-f1_: __ 11_·_·e;._'ttlhd_.,:_e-~ .... _.uts_ .• et~ __ ,ir 
ci~s.i~n~i:was _ 

.- , The prin'cip:il: en~~9Y ingre:gient 4wil:>.i~g as i~ methane~ C{I4 , -

. ot-Vhatu~al)-1g,as .'- B.io<j;#s ts .. !p$ed in Orne ,of·-. two \~ays: ; .· (1). -When 
·(· /:/'y,•· ._ . . . . : 

. organic, mate:ri~l is left:>..eipo~ed to· th~ aix,· the ·~aseous -byproaUcts _- .·. 

··•of decay?,~scape .. •int(?•the· a·tntosp~fr~J ~n~">fh~:,~e,s.£d;ue<.is_-_cortlp~st~;, 

·_This ";deCi:ty prod"~~S.:is \:t;?;~J;d aerobic becau~e · it is-·enabled by 
. ::::·.'1(·~· :··.:j:_-:,_. 
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haCteria that work in the presence of oxygen. (2) The .process 

of forming useful biggas is known as anaerobic digestion since· 

it Qccm:s in .the ab{;l.ence of oxygen. During the first phase, 

sludge matt2rials. are brokent:aown into smaller molecule.s. Organic 

compounds·are oxidized to acids or.alcohols, the oxygen in the 

material fed to the digester .is used up, and large amollnts of 

carb,on d.io~tde .ar:e for:med. In the second phase, bacteria convert 

the acids and alcohols into methane and carbon dioxide. Generally, 

60 to 70 percent of.the gas formed is methane. A delicately 

·balanced '2!nyironment is required. Changes in acidity, temperatute, 
.· --.,,, ,. . . 

inputlnixi¥ind other factors affect the pape and yield of the 

·•reactions. For example, the amount of ga$ generated is a function 

temperature .. About twice the amount·of gas per ton of manure 

produced ~t 75° G (167°F} as at 25° C {77°F). 

ger1erationtstops com~l~tely below 10° c (50°F). 

Methane 
. ,_, 

Temperatures in 

North India in the -w;lnte.r frequentiy fall beneath this threshold 

andunder>such cpnditions somebiogas may have to be used to 

provid~ h(tat for the .p~an~, thereby reducing its net yield. 

CostofC:::entrali;zed.Power Generation 

In orqer to calcula.te an .estimated cost of electricity per 

kilpwatt pour, it is.,,nece;,sary first to estimate the initial 

capital cos.ts. Capit.al/costs of either hiogas or central power 

facilities ·inqJude three components: the cost of the 

power plant, transmissi!:Dn costs, and the cost of village 

elec;:trif ication. The :ultimate ca'~culation> of capital costs·· per 

kiib-Jatt hour depends·not only Upon these cost estimates but upon 
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utilization factor~.:.'-that is, the degree to which ins tailed 

capacity ~s uti1ized. Unreasonable assumptions regarding any of · ·. 

the capital,:cos{ comp6nents or the utilization facto•rs w:irll 
. . . . ··... ·_. : . : . . . . . '.. . 

substahtia+lY' bias: .the final cost ,per kilowatt hour estimate. 
. . -·;;· .. --: . . . , 

' ' ' 

A,, number of 1studies. have attempted to compute· the· costs of 
installing, apd o.pera:ti;11g;goba.r gas units. Among. these, only a 

f~w 11,~ve c.01,11p~r~p. .rufal ~le<::trification using b;iogas with 

· cent~aliz~d. g~:eration:, alternatives. 1 · Makhijani .and Poole 

. estimat:;~d tne tqt.ai capital cost for coal-fired generating plants . 

in ±ncl~;a ·at,;$50:0,:,P~r kilowatt .. This cost estimate _lncluded $2"50 •· . 

per kilowatt for;,the generating ·station, $50 per kilowatt for. 

·transmission, and $200 per kilowatt fo'r rural ·electrification. 

·••capital.', cost_ for ,tllerma:ligenerating plants 'in,197() was about $200 

>Th~.g~nerating.stationand.trarismi"s~f6n·c~~ts '. ' 'c:\·2 
per kilowatt. ··• 

r~portedi:by Mcikhijan,i ··and/P~ol.e for l~-74, appear somevJhat high·· 
.. , ·. . . . . . . 

. ·- ~ .. · . . 

but ·reasonable ··. . .· . . ... I. 

rate the annual 

allowing for inflaticm. At a 12 percemt 
:;-1;·. ~"· . . . . . . .. . :: .. ,.; . . •3. . 
amqr:t1.zat1.on .per. k,ilowatt5,·,J.S $.60 ·• 

discount 

· Their. r.urai distr:j;;puti.off cost .. estima'te assumes that· the' 
. ·. . . 

. average transf!lission distane:~ fr6m tb;.e 1q9-ih ]:·ine td each. village 

f,s 8 -~~iome~~r~~~ •· ·· Jpin:t dis;tri:bution· to seve.ral vilJ..ag_es would · 

' villag¢ wi.l.f:j)e lowe~ the n~ar,er it ls s'ituateg to mctjor power 

lin~s ,ahd:••}that with t~e grqw,t;h ·.of. India '.s riationi;ll power s~stem• 

more. •and mb:r~ .yill9:ges, will b~. closer_. to· such .lines •.. Without.· .. 

knowiii.g ;the·:exajt d:js~iib'utiorf cos<ts ,,f't:>f a particulau: village,. it·• 
. ·. .· ':_ . -- . 

is imposs~ble to determine ,wheth~F cemtr~l or bie>,9~s costs per 
·_.,:_,_. 
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. .· . . 

kilowatt hour would b~ low-er. - Estimates that use ave2;agc$, 

distribution costs can thus ,only prov:iqea basis for a general 

··comia:ri~rin oe 'th.e ,two :\:~y~tems ~ 
. .· . . 

To- conver.t the annual capi~al charge_ of ~$60 per kilowatt 

to a cost per kilowatt hour, utilizationfa-ctorS inustbe-employed. 
. . . . 

. . . . . ' . . . : . 

Fqr pentralized powel'.'_ gen~ratio.n, a ptope~<app:roach ip to sepa;ate 

ruFa~i,~t~.ti:,Jbut,ion copts :fr9m gener.ation and transmission costs 
.·. ·:·:,_: .. •··· :·:.. --~ ·. · .. ··:" ,··. ·- . ·._. 

and apply an appropriate utilization factor to each portion. --

-- The ave~agE! generatJng ,plant\&-tilb~ktion i:actor for. India as a 
·•· ,.· l . ·- . ·.·•:·:;::· • . • • . . ' ' . ' 

whole has been _in the :~:-:arige'tof 48'''-to ./55 perc~nt,. which is_ 

corn~arable to. th~ avEilfa9'~- plant ut;j(}:ization factor f9r the United 

States. 4 · _ The plant: utilizat:,i.om factor . should, :,be applied to the 
-- -- - -~ -

generation ciild -f'ransmi~sio~>por~ion of t:ot,al capital cost ($300 
. . .-· . : ·, ,., . . ,., . 

or $36 per year at a 12 perce~t dis;count- ratJ)~ The appropri~te 
' . . : ";., .· ; ..... , .. 

factor for rural distrib~tion co~t ($200 or, $24 per year at a 
:>~-<- . ~ . ._.·. ;--_,:\\· ' ' . ' 

12 percent discount rate) ~s:Jlerf\red fi:"O!Il -the rate of power_ -

consumption per kilowa;tt: df connedt~:d load- i~ rural areas.· --- From · 
-. - (. --- - -

1~66 to -1971_; agricultµ.ral:osector copsumptiori in :tndia ranged from 
- . ·.· . . ,··· . ,···"'"!": . - ., . . . . 

. . · ·. . ·. 

657 to_ 842 kilowatt bour.s per kiic>Wptt:of oonn.ected load 

1:epfesjntttngt;,di~tr.fbuti~n ri~etwoi:;k ut'iliz;~tlon of _8 to IQ percent. 5 

fit~l ''iG~i1 :s'~ft:9;-<6on~tlfu:Ptioh- ratiks would be SOinewhat 'higher. 
. ·. . . 

In their analysis,,--~/~!=lkhJjani and Pool_e. used the. same 

utilizq_'f;i9U: fac,to~< for both geri'erabio~' and transmission, and rural .... - . . ·~ . . . . - .. 

distri'bution ~ -- -_ They .used\ ~WO difEerent' f actpr:S: _-- _._ 1150 and ·so 0 
.. -.\ . . ·: ~'.: . 

kilowal;( hours ' pf'r ~i i,ow, t;b'P~t i;laa'.f 'tl>\~= 
- percent utilization :factors ;r;espective!y •. 

·' : ;'1; .· ·.. ' 

~epresent· 13 and fa.·· 
" -

_These fae:tors are 
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. appt6priate. for. t~e rural distributi6~ 'cortipone~t but not fo; •the· , 

generation a11¢1 transmis~ion ·components Of total capital cost. 

Mak.hiJailL and Ppole ·e;ident1y belie\/~ th~t !a •power plant .would ... ·.· 
. . ..,. ' , 

. . . . 

serve .only• rural: •. ~reas ~ that .. no urban or 'j.ndµst~ial consuiµpt:ion 

• .. would be. serviced,fron/,trte plant •. 

Table l displays a range· of·uni t co~tS.'''.";Of c::entr~liz~d po:v,er• . 

supply; it includ€!S.. o{ir estimat$·S a-s ·well as those O·f Makhijani 

and Poole and others~, Items one and two are actual unit cost 
: : :._ ! ;·_ . . . ··,•. 

calculations by Hendersoti. (2. 2· cents .per kilowatt hour) ; an¢! .. · 

Ven~ataram.ap . .(1. 5 9~n.ts) . The twQ r:-iakhijanLan:d _ Pooltf estim~t~s 

·for their a·s$,timed.l0 perceJf.·anq.13 percen.t<bapa9ity utilization 

. fact~rs · are s. 5 cents and 6. 2 cents·. per kllgwatt hou;, · respectivel; • 
. . : . . '.: · .. __ ·· ... · 

Item• five .• ,is our;estiitiate. We assume a pl~nt utilization· •factor 
. ---:·,.:,.· .. .· . , 

.. of·•.···~s percent which yi~lds .. a capital·. amoi-tization cost f't)r .·. 
·. ·.. :_.. _·. .-' ,: .· .·. . ·. .··. 

generation.and transmission 9f .9 ~ents per<k'ilowatt hc,ui. 
: .' . . • . ... .-. . . . . ,.. .·. . : ::' .. •· • . . ·: . : ~~ . . . . • .::: ! ' . . ' . . . 

We iassuine ruraL consUinption of'.' 110.0.y~iJ:owatt hou;s .per kilo'watt .. ·· 

of: conhectecl load (12~6lp¢rcent ut.ilizat.icm) :whi~h. yi~id.s'"a 

· c::apii:al amortization cost for rural dist:rii.bOtio~ of 2. 2 cents per ... • 
. . . . : : ·, ·, 

kilowatt; hour •. · Hence, our -total:, J,~1ue for· amorti~ed _; c:api tal 

.··· - · g9st. is . 3 .,·l CJmts p~:r Jcilo~att noui- (using a 12 percent. discount .. 
.. :,/~'..;'•''',",• -: _ _.,.·.·' _.· ~.-._,·.-:,,_,· .. ,,·, ·,··}. --~-'-'-. . "" '. . . 

,rate.). ~ .•... ·.If ~~ri4erso~'s opera.tin~-, c:Os.t per·kilowat:t hour.of 1~3 
' ' •• _ •• ,. • f " • ' -~ • .._ ;,. • • •' •• ••• ' , • • 

. cent~ is . rai~ed ,'.'.to 1. 5 cents to allt>w . for ihflation, the totiil.: 

unit> ,co~t•\,of ceritrali~ed fo~s-il ;f~•el p~~efX,gener·atlo•n for ru;al 

ar-eas beco~es 4. 6 :cents p~r Jcilowatt ·ho-ur~· · Beca.use this: cost, : 
. . : . . . . . . 

estJ?i\ate ~as···calcµlated. using,f;on,s.e7~~~iX~. utiLiJa{ioil/factorfi, : 

• .. · .. :Lt ·~ho~ld b~ 'cb?l~ider:e~ .die ;~!)per :1i~tt ·'for ~entz-alJzed power c~sts .. •···.•••· · 



- 7 -

Table 1 

Unit Cost of Centralized Electricity Supply in India 

1. actual 1971-1972 costs 

2. actual 1967-1968 costs 

3. capacity utiliz1ation = 10 percent 
800 kwh/kw/yr· 

4. capacity utilization= 13 percent 
1150 kwh/kw/yr 

5. plant capacity utilization= 45 
percent 
rural.distribution utilization= 
13 percent 
394~ and 1100 kwh/kw/yr 

-.c: 
~ 

Q $..I 
0 (l) .,.., 0.. .µ 
co [/) 

N- ..µ 
•rl .c: ~ 
.µ ~ (I) 

H ..!< 0 
0 -l:l· $..I 
(l,J (!) ..µ 
I 0.. U) 

.µ 0 
U) .U). u 
0 .µ 
0 ~ t)"l 

Q) i::: 
r-1 CJ ·r-1 
res - .µ 
.µ ru 
·r-1 )-1 
0.. Q) 

lil 0.. u 0 

• 9 1.3 

.8 .7 

7.5 1.0 

5.2 1.0 

3.1 1.5 

SOURCES: (1) Henderson, p. 87; (2),Venkataraman, pp. 84-88; 
(3) and (4) Makhijani and Poole,· pp. 97-98; (5) 
authors' calculations. 

-.c: 
~ 
~ 

)-1 
Q) 
0.. 

[I} 
.µ 
s:: 
Q) 
0 -
.µ 
U) 

0 u 
.µ .,.., 
s:: 
::, 

,:-f 
res 
.µ 
0 
E-i 

2.2 

1.5 

8.5 

6 .2 

4.6 



- 8 -

for villages an "average" distance from power lines. This cost 

estimate will be·compared with the biogc1s generation cost 

estimates gischssed below. 

Biqgas Based Power Generation 

The physical parameters controlling the generation of 

electricity using a decentralized biogas system are summarized· 
._;, 

in Table 2. Column one contains our estimates; columns two and 

three show comparable data from other sources. In an average 

village there are inithe neighborhood of 250 to 300 cattle. 

Assuming that each animal will provide about three kilograms of 

dry dung each day and that three"-quarters of that amount is 

collected for use, the total amount av:ailable will be 675 kilqgrams. 

Our estimate is thus higher than those of.Prasad et al. (5~6 

kilogr~ms) and of Makhijani and Poole (622 kilograms). Multi­

plication of. usable dry dung by the biqga,s yield per kilogram 

(11 cubic feet) and bythe· I3'.I'U content of a cubic foot of gas,•· 

· yields the total BTU content. When this total is divided by the 

energy conversion factor and mul{ipl.ied by the .efficiency of the . · 

power generator, a maximum power generatipn estimate is derive_d. 

· This is 337 kilowatt hours per day, and is lower than" those. 

calcµlated by>Prasad et aJ.. and Makhijani-:-Poole. We believe, ,.,.• ' ' ' 

however, that this is an optimistic: .:.value and an uppe:t; .limi -t.. 

with current.technology. 

The differences amongt.he three resµlts are due to the use 

o.f different. yield and conversion estimates. Makhijani and Poole 
( 

assumed a.·60 percent conversion ~ffici'.ehcy which is near·the 



Table 2 

Assumptions Used for Biogas Power Generation 

Item 

1. Dry dung/cow/day 

2. No. of cattle in village 

3. Dry dung/village/day 

4. Collection efficiency 

5. Usable dry dung/village/day 

6. Biogas yield/kg. dry dung 

7. Energy content/c:::u.ft~• of·biogasb 

8. Conversion factor 

9. Pow,er generating efficienqy 

10. Maximum power generation/day 

Units 

kg. 

kg •. 

% 

kg. 

cu.ft. 

BTU 

kwh/BTU 

% 

kwh 

Authors' Prasaci, Prasad, 
Values and Reddy 

3.0 3.18 

300 · 2.50 

900 795 

75 75 

675 596 

11 6.6 

620 620 

3413 3413· 

25 83c 

337 593 

Makhijani 
and ··Poole 

2.96 

300 

888 

70 

622 

13.sa 

620 

3413 

25. 

381 

aBiogas yield for the Makhijani and P()ole study -was calc:qlatedbymult:iplyingthe 
, . energy content of dry dung (14, ooo, BTU/kg.) by the assUI11ed conversion efficiency. of 

6D percent, and dividing the result by 62'0 BTU/cu. ft. This yield. is, equivalent to 
6cu.ft./lb. of dry dung which is the expected biogas yield at 27°C (80°F). Clearly, 
a net yield of this magnitude is not currently attainable during winter months in 
North India. 

bsathianathan, p. 62. 

cPrasa.d, Prasad, and Reddy make the direct conversion from cubic feet of biogas 
to kwh using a factor of .15 kwh/cu.ft. biogas. Assuming 620 BTU/cu.ft. of biogas, 
this conversion amounts to a generation efficiency of 83 percent. 

1 



- 10 -

highest observed in experlmental>piarits. 7 J?tas'~a, · et ai. a.ssufued 
'. ' 

a conversion efficiency of only 30 percent and this·is slightly· 

. , ;'!~elow'.,:~:Ke year roui~ ,ave1:-age for ~J:l~la. · We, think that so percen:t . 

n~t -~~ergy ,, coriy~£i'ion may ,be generally att~i11able after additional·,•···,,. 

applied research and tj;evelopmerit< and . have used thi:s· .f,ig;uxe, . which,. 

is comparable to·· 11 cubic feet of biogas·.per·· kilogram.of dry_·. 

d,µng~ .Jh..e 11ext J{~¥ <assumptien co•ncerns power generation efficiency; 

that is, the efficiency of the .internal combustionengine·and 

gEi!i;ler:ator in conv~rti:tJ.g biog as ene~gy J»to E:lectric p9wer ·• 

Makhijani ,' and' PbO~e ass.um.~: a ge11:~tation ,eff;icienCyi)o.f 25 'percent 

··which is•, prol:>abfuy'nearlhe upp_er:lirit:.tt.:8·?':iithough gas9Line, : .. ·· 
, , . 

'rngines usually· run at. less than .2? perq,ep,t efficiency, we 
' . •~i?• , ·-,·::,f;~./ . . . ·. 

selected a generation· ef{iciency ·;of··'.2s -p~:r;cent,. as ~he 1:>eSt · 
. . -. . ,. . .. . . . , . ,-: ~- .· .. ,·,. . . . . 

.. · .. ·,, EOSSible, case •• Based on these cii~umptibri~/ the maximum po:wer 
.· · .. ,· 

that. c::ou~~ be g~ne;i:-cited p,er day is 337:l?,'.J{i,lq\'iatt hours. 

The CO$t~ ;of genetating·}p6wer J~.ay b,e J~timated op two 

. . different, basesJ{! fl) .J,citss~i~g :'~t-po;t~9~ of, the biogas · is used . 

·····for·cooking to repla~~ dung,,tha.t··w~s prej:iously used for this 
• . . ,<\, •. . • ' 

. purpose/ and: (2) .assuming ~··substitute cP~rhaps ,S;OJ;~r energy 

• .. ·•·.··· .·· .. or wate+.,;hy~cii);ths) -co~l.d,be,fo~nd fqr cqoking 'so that all biogas 
.. _ •. :: :.\:.,/\\: .. ·/j~i\;~·::·_·~.·;::/:_ .. _:~-~-!-· .. :.:::·,..\:'.::t.,, .. ,;._:·\ .. :_:·<:_.':.:· \_:~f?}i ·. ·,·,·'t/~ .. ·.~·it·-._: ··: <-< .. _/;? ;.\'" .. ,·.~.-,~:.><-: .· .. · .. ·-, _: . .. · .. -· 

,, 6:ould be u~~d0;to 'tJ~nerate ~iectriclty. 'Jilbe ,~oj~sted i,~itial ,,··· · 
·,•'. ,,..::_<· . .. . .'-iJ,~:-'·'·;(;.'., .• ;:···· ... ,. ·,,:·' _,.,' ·;,.:- ' :;.:i· : "'•:·,<:·: ·.'.. . 

capital and .annual C::osts .of these two a:ltern.atives, are· given· iri .. 
'• .. :-; .; :: . ·:.::·~if ... '. . :· . '. 

·· .. Ta;bl.~'.f~ ·. Facl.lowin(l . Mitkhijani and Po~ij:-e, 4 6 °;pe1:cent: of the · · 

· bioga$ genera.t;~d::is assumed. to ~e iciequate'f:to,<serve the codk~rig 
. :· ., . 

needs :of·. two hundred families,, in the:,,viltage ~ ; -Thi~( ,fr~c~fo,n mciy · .. 
,: • • • ·.:·. • • > •• ,,-· ~' ·=.':\{~.: ; . . . 

•~be .· low , in • light 0~ · the te'~h~idal. diiiiciJ"!'ti~ ~ '. in ma in taining 
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a high level of production. Nonetheless, we will proceed with 

the analysis of capital costs based on this assumption. For 

·the applications.with and without biogas used for cooking, it 

is asserted that the costs of thebiogasification plant, the 

gas plant: auxiliaries, land, and gas storage and compression 

would be identical. This procedure is valid for the first 

th;ree items but is opeil to question for gas storage and com­

pression. Storage facilities adequate for 50 percent of the 

. annual pr9ducti,9n of g,as were assumed in both cases. This 

assumption is reasonable for the case without cooking fuel, but 

appears to be too high for the case with cooking fuel because 

daily utilization of gas for cooking would even out the consumption 

pattern through time relative to the case without cooking fuel. 

·.Hence, we reduced the storage and compression cost for the case 

with cooking fuel. 

Table . 3 displays the revised ca.pi tal and annual costs for.· 

the two cases assuming generator capaqi,t:ies of 66 kilowatts 

andl23 kilowatts •. Makhijani ~pd Poole used generator sizes of 

75 kilowatts and 140 kilowatts for the with and without cooking 

· cases respectiyely. · Because we arrived at a · lower maximum daily 

gelie:rat.~o~figure, we. ;~d~t:efo the gener~tion capa.ci ties and 

recalculated the cost figures. Makhijani and Poole assumed no 
. . 

economies of scale for the higher capacity generators\. an ,hypothe-

sis we retain. 

Gross annual cost for a bioga.s pic:1,nt is ca'lculated by 

amortizing at a 12 percent discount rate .:the total initial plan·t 



Casts:,,o:f a. Dec~ntralized Bioga.s Gener&tion · 
· .. >an,d• Ei'ectriflcati·on .t>lant* ·.· 

. •. ·, 

Cost: It~~· 

~:i.og~gification :p1a~t ..•. 
Gas. plant, auxiliari,es ·· .. ·. 

Capital Costs _ 

Land --~6st < . : .•····•· · · · · • .. 
Gas s'toi:-age ,anp. ·•compression .• .··. .. . . 
Qooking ·luelfd'istlf1pµ:tiqn. cyliriders.·and · 
· gas stov,~~ ···· · · ~ · 

C(,:>-st.of wat~r hyacinth. or c:fth,~;-, cooking 
. ···· syst;t:?m .•.· .· ·•···... .. ..·• . 

Electr;Lc gener9-tC);r,.,,,with:r~oiproca;tiing · ... · 
- g~s ¢ng.ine a'ii.d, sWit¢hg·ear-<@l.60/kw . •. 

, . installed .·, ,· , >1 C •• .. , .. . 

.. Co.ne.t:i;uc'tion s·µp~rvisic>l'.{ and -t:t;airiing. 
.··· .. s·ubt6¼:al . . . . 

, , , ,,.- ,,~,..., .. 

. lnt;'ei;est on ,-c~pf,tal ·during_ ~ix months' . 
.. c~:msfruction @i2 pJ~rceilt 

· Total. 

Cost· per kw ·· 

..... Gas ,Used· 
For 

CoOkin9· 

$ 8,000 
1,000 • 
l, ooo · .. · 

' .. l, 0-00. •.·.·• 
.. ,8 {00() 

. . . ,. . . 
.. .' . ,· : . 

... -. ·:.1 ,ooo: 
•··.· $.30,:600 . 

··1 8(l0· . . , . . ... , 

. ·::· , .. · " . 
·:$32' 400····· 

•:. ·' .. 

·.·. 4.91 ··· 

Alternative 
· · cookirtg · 

Fuel 

$ 8,000. 
1; 000 ' 
l, 00,0 
1,500 

10,000· 

19,700 

. r, oo.o .. 
· $42,200 

$44,700>·· •. 

363 ,, 
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Table 3 (cont'd) 

Annual Costs 

Capital cost amortization 
Residue collection at $2/ton fresh 

manure 
Local labor and maintenance 
Market town services 
Labor for distributing cooking fuel· 

Gross annual costs 

Credit for cqpking fuel sales 
Credi ti for fertilizer 

Total er.edits . 

Net.i:l.nnual qperating cost 

Annual electricity generation at 
1,000 kwh/kw· 

Cost per kwh 

$ 

$ 

$ 

4,100 $ 5,700 
2,600·· 2,600 

1,300 1,300 
500 500 
300 600 

8,800 $10,700 

2,000 2,000 
2,400 2,400 

4,400 $ 4,400 

4,400 6,300 

66,000 kwh 123,000 

6.7¢ 5.1¢ 

SOURCE: These cost estimates are adapted from cost values 
contained in Makhijani and Poole, pp. 112-116. 

* All costs are rounded to the nearest $100. 

kwh 



- 14 -

investment · an.d ~dci1rig fciur additional · ~osts: colle<::tion. costs, 

labor and µ:i<;1.in.tencmce; market town. services, and distribution 

costs of fuel. A ;twenty:..fiv~ year life is assumed !;pr the J>iogas 
. . . 

plant and other equipment, whi9h maybe Som~iy.hat. lqn~ giv'en the 

· corrosive nature of soro¢.of the materials ·used in,chioga:S. )g;erieration.·· .· 

Aftei" f,igu:i:.:ing gross •annual 6pe~jit:ing c9:~ts ,(.it is. necessary 
·,.;;" 

to .subtract .er.edits .for cooking . .fuel sales and a credit for · 

fertilizer sales to obtain a figure for net annual operating 
' . . . . . . 

costs. lu1nual electricity gener~ tion t.yas< figured. on . the basis 

of 1000 kilowajt hohr,s. per kilowatii: l.n~talled, the. f :i.gure used:­

by Makhi1.a:ni andt Poole, )}hich ;eI?:iesen:ts a· capa~ity figu:r·e . of ·· 

i.{.4 percent. 9 Since all of the ~1ectri9ity gener~ted,frotnthe 
. . . . . . . . ' . . . . . 

. l?iqgas J.?l.arit;would ;,be :}1s;,~9:-in a .limited rur,al . area, this 

·. capacity utilizatibh rep~esent~ a'.h ttppe~ liniit. Using ·the a.bo'\t'e 

assumpt~p~s and.co5:t ~pput data, t~e ~~st ~er:kilowatt h~ur 6f 
electrii~i ty ~i th:::i~iocj~s·•''U~ed f9:t .. cooking ,:wquld,;;.be 6. 7 cents · and 

Since 
'·:'; 

assumptions favorab~e toC,biogas gen~ratio;n :Were tl$ed when no ' 

. firm data we;re ~v~i,Jfabl.e, t:hese costs re·1¥rese.nt lower limits 

,. of the· cos,ts for pi.6gai;9 bas~d gen~ratJop.,~. · .· 
• :(~·· . :-•· ,·, .• -_.:;_,_: . •. 1_:·-~· ~-_:· -~ ,,. . •.-;!·_.,- ·._" ~:-.· -;: -: . -~ 

0-C?m:l?ar.ison :of Cost. Esttimates . ; 
.. :· '•::•,,·:·_.·):•:~,-\:, ·. ' . . .-_. , .· _. ..... .--: 

·· >.1~1early; h~~/i~bfJ,the .biogas •cpSt -~s;t::{mates ate. s:idgnif :i.can;tly 

· ~reater thanJthe:r4. 6 cents per kil¢wat:t:•hour.:co•st fbt the• 

·c::ent~a.itzed'po~~~ gepera.tion systein. It sho~'ld he '~mphasi~ed 
. : . . . 

fq,: the II aver:i:lge" 

. .).o:wer . iimit ·for 
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-. . . . .• . ·. . ·-. :· 

power . cjenerationl.liSing. 1:he biog a~. sy~tem. 
. - ..... ·_ .• 

Actual differences 

may be· considerably greater. Based on economic considerations . 

alone, the:,conclµ~~pn of this anal:ysis .is that electrJci:ty 

geneta;.tic;m .using centralized. power f aci;li ties is on av~rage · .. ·.• 
... -· ·.. . .. . _. .· . ·.. . ... 

·. more cost. advantageo.us tha:n adopting decentralized systems 

based on biog~s generation. 10 

..1 In some. s.ituations,, ,howeve.r, power g.enera.tion from gobar 

gas may be a reasonable alternative. In isolated regions, the 

transmission costs would be higher ~han those estimated. small' 
·, . ' . : 

villages' . or eveli. c'aste dr lineage 'rieighbc>:rhoods, might use ' ' . 

biog as. as an inter.im alt.J~natfive to a ce~tral.,isource. Even if 

.only20 percent of. India;'s villages f~ll into these categories, 
'·• ' :':·· .' ' .·:. '·•Ii:'·: ·· .. 

over 100,000 units wo_uld·:be installed. 

•·. It should be noted that our conclusion applies only to 
. . . . . 

t.he use Of biogc}S as a means 9f decentra,).ized el~cit~ic powel:' ·-~ . . . . . .. . ~ 

generation. · We ,J1ave 'not conside~ed the:uier:its of· gobar gas as 
. . . ... . .. .:"' ,-',' .. 

a clea~er :more healt:hf:til coot\~ng fuel I:\ rio~,; h;a'1'e we' examined thev' 

pote,ritial of.· the>residu,,~ ,being:·,~ superior fertilizer, considerations 

which would enhance its app~al •. Abiogas prograrnmay.be 

(lesi:r:-able solely as a mea~s.of producing both cooking fuel and 
• •,•,•• ,•/~>:•?'.••_;.,; ',!• _. • • ''• • :.:c,,~••;•~• ,- .;'-. •v, ' , • • 

··feift.i:li~ir Jf'bnL;cqw '.:aun~ ~ftlf.Ilo as;pQ'ciated power' generation •. 

. · Potential Problems with g;, ..... 
Biog as Power, G'enei:-ation Program' 

Befqre,biogas :fs'.adopte(l iti,those: c,:i.rc\Jttlst:ances· where ,it. is .... 
. :- ·. .• . 

d~enied desirable, ·• there ~re .·a: riumber q;f p¢1it.ical and administiat:ilve 
.. . . . . ' . . . . - ,::f~--. . -~--- .. ·_{ . 

problems that need to be· res~lved · at theinati.6nal. lev¢J,.. In 
. ' .. .'~'- .. · . . '. :_... ::· ;~,-:;;. ... ,: .. ·:·-: 
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.· ·', •,, 

addition, if past experience with agricultural ~ssistance, 

community development, and co9perative credit institutions at 

the village level is c:tny guide, the. village.rs of India are 

likely to find their lives deeply affected by the program; and, 

in turn, they are likely to bend biog-as installations to their 

own purposes and thereby VPerid the calculation.s of policy-makers 

who ignor.e the human factor. 

The generaladrninistrative problems likely to be encountered 

are t.hose typical. of any new program. These include coordination 

of finance; production,distribut1on, a:'ndpolitical activitie$ 

to.gether with as:$uring ad~quate nurnb_ers .and competence of staff . 

to carry forward.the assigned tasks. Any massive diffusion of 

technology depends upon the dis.seminat:ion of information, 
... 

guidance of production and dist:ribution by· cooperation between 

technicians and the 1:,ervice popµl~tion, and adequate provision 

for maintenance. A successful biqgas.\procj:ram must be based on 

a technically soum:l. plant Which can ft11rction under a wide range 

of operating conditions. MuCh•research needs to be done on plant 

design for improved efficiency, improved winter operating. 

performance, use pf· solar eri.ergy to heat the biog as plant, proper 
;.,.\.'·_' -·_. '-_:,, _.-·:. . ---<- ;:~ .. ' 

· utilization o:etthe s,l.uqge output to conserve·nutrients, and 

biogas plant operations in;INat'er s.hor.t .. regions. J:nit:.ial break.;.. 
.. -~}·:·. . . 

down.sin administratiOn, ma.intenance, or techhfpal components may 

sour villa9ers on theprogram, and they and their neighbors 
) . ' 

may becom.e progressively unrespo11§ive. 
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. T~~re Is ilso t~e dariger that new pi_dgas U]iits will be 

~placed in villa,ges which are close. · to existing roc;tds, towns; 
. . 

·._ and{pow,e::J;:.line-s. Th~s patt:,ern-z.nay tend to result f.r.om·ease,,bf 

access for construction, maintenance, and monitoring. Yet 
. .· . .. . . ; ··.. . . . .- . 

these a:re the sitJiii where biogas power generation offers little 

or -. no cost advantage. Off:i,.cialf:I will have. tp take, special 

st;e.p.s , .. to ensure that decen,tralize.d rural .ele.ctrif ica-t;:ion reaches 
. :,;· ·•. 

. ~ 

into the more remote areas where it will do the most good and 

does not_epd upas merely.another' facility provided to the 
. ~-- . . 

already;xbUiJ.tPup. r~g 10ris • 
. M,rjOr-~:obstacle~ to the .• successful dis'sei-nination and 

. . 

utilization of biogas plants _in Ind~':an vil!ages are\'found at 

the;village.,level. ·. Ct11:r~ntly-, cow dung is 1:15ed di1:ectly for fuel·­

and compost· in many 'IIid'ian ;illages,. and there is an existing 

._· soci~l,'."'.c:µm..:~cono1!lic st;r:uc;j:u:pe that provides for the collection, -. 
. . . ' . . . . . . . 

drying, and ~istti.bution of the dung fuel. The institutional 
,. . : . 

structure fs so arr'ang~d that, gehera.lly, . fuel is ·a_va;i.lable for _ 

the cooking needs of viila~ers in ail castes or economic classes; 

and withqut.regard to the distribution of•cattle ownership. 

,· If,_a biogas plant is established, then cow dung would not 
.. : ·~: . ~~~'.- .. ·: ' ;·: ' :. ·- ··:-- ·.• .. 

pe tiSed:)~:i.feci'ly a.s), a f:µei ~U;~ would be "trinsfo~ed'' into 

anothe.J;; ty.pe, of fuel a:qd fertilizer.,.-· . Orte co-uld ·anticipate that 
. . . ' . :_:/ ·.' ... . - ' - /:,-:.' . -~ t 

. m,~ffiy j>f. ;;tJ1e.;:~y~~.s':o:r tens:Lons assqciated :wifth commercialization '. 

of the.village_ economic:·system an1d with _the ad6ptfon of new farm 

. ·. technologietS, would ,recur. / .. As· in tties·e p~evi,ous: ca~e~, the new, 
-·>·:J: .• . .'.\,\:-'" ... £, .. 

. . . \. 



.. - 18 -

. . . . 

development pro'7ides novel opportunities for gain fo.r some in 

_ the villil:ge. and tl,)reatens to deprive others·. of existing incoi:ne 
'rt•·• 

rfghts ~ I nit urn.,, theie ecQndmic changes will interact with 
· .. :·:ii" . . ·• . ·: ' ;' . .>:.-:~ . . ·. . .·:.. . l- . . . • . .. . . • :. . 

caste and status relationships and with the yillag·e political .·.• ... · 

system .. At presitit,.::~uhg is a nonmarketed.commodity subject.to 

rules and rights that goyern' its sharing. ·.· is' with crops.; .labor, ... ··. 

land, and wate.r., ,du11g .will become a marketed .and pric.ed .item 
. ', . . . - . 

subject t~ distribt1tion thr~ugh the :market.system. It is 

reasonable tof:suppo'se ,that :ttie village cattle owners, .who are 
•, . . : .. -- . . . . . , . . . . . . .· ~- . . . , . . . ' , . . ,. ' . . 

likely in it.he'.,.-rna}ri.,t:t:ld, b~ the wea}t'.qier ',eeasant farm_ers, will. 

attempt to assert/latent property righ,ts. to their beasts,· . 

dung. · Their power and status are likely to enable them to get 

. th¢:ir way. The··losers will be the poo:r;er famil,ies whpse women. 

•and·•·•chi1dren ~ollect ·dung for cookihg. ····•··•·Tp.ey will ha~e ·to seek 

alternative sources of; fuel. Sciffie tqay even loser smal.l. incomes ... 

from' the.· sal~ . oi' dried dung~ 
. . 

On' the di~tribution side, ,,.sonie equitabl.~ and enforceable · 
. . .. ' .· . . 

method.ltiust be devised for governing the flow of gas, electricity~ . 

. and' fertilize:t',. : Even if in:i:t.ial efforts to ensure even"".handed 
. . . ·,0-

cpmm:uri~ty cqnt:r9l,,1;a:nd to d,~sign an eq4i table pattern are 

~hb&~Esful: (~}1i:ch is not, :tik~ly) , \ t wpµJd be surprising if th'e 
big men of the -vil).,age wer~ ,riot ,abJ..~• to ,;a:boI;"t these, place 

th~el ve·s,. ast;i.de power and•:'gas ;tines, ,and ap!ilpopr.iate more. than 

their sha.+e, of ... ene£gy . and fertilizer._,;· 

One may with $Orne confidence pi;'.:ed;i:ct a worsening of the,-· .··, ' 
_,.. . " 



- 19 -

internal distribution of resources and incomes inside the village. 

A prerequisite to taking the biogas system into village India 

must be the design of a set of J.ocally intelligible property 

rights and payments that do not do excessive violence to existing 

economic relationships--it is too much to expect a change for 

the better. At a minimum, some Eierious thought must b~ given 

to determining what effects the new technology will have on 

village institutions and how the villagers will respond. 
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