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One poss1ble means of prov1d1ng electr1c1ty to Indla s

,.530 GOO v111ages 1s by usrng animal, human, and possrbly some

-forms of veget ole waste to make methane, a fuel that can be

employed in'small,generators located in or near the .communities -
to be Served{‘ This'method'is,often called theogObarfgas process
in India‘since*"gobar"e—cattle‘dung—vis the main ingredient. The

prrncrpal alternatlve, and the one that has been pushed in recent

"drlves £or rural electrlrlcatlon, 1s large scale power works,,

u51ng coal hydroelectrlc potentlal 'atomlc enerqy, or now posslbly

011 or gas.; Rellance upon the large- ~scale system mandates an_

extenslve power grld, whlch the local svstem does not. The Indian'

government 1sﬁcons;der1ng a commrtmentﬁtOZa'SLZeable small-scale

power program, p0551bly assrs+ed ny multllateral foreign aid.

The . economrc ba31s of thls dec1sron and 1ts ramlflcatlons for

_major rural powe

rulal 5001ety have not however, been systematlcally assessed.
In thls paper we w1ll undertake a cost analy51s of the two

ptlons., central power»fac111t1es and'blogas-‘

units. We w1ll contrast our flndlngs with: the estlmates of the>

‘majorvprevrousﬁstudles»of bloges@electrrflcatlon. -In our judgement, -
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;thelr cost estlmates have been substantlally blased towards local
unlts.’ Our conciusion is that, -on average, centrallzed power
productlon and dlstrlbutlon have an appreclable cost advantage
over: local unlts. Where v1llages are remote from transm1ssron
llnes, however, small scale unlts may prov1de a cost sav1ngs.'7
There are thus numerous locatlons 1n rural Indla where gobar gasrt
yfa0111tles may serve at least as a tran51tlonal source of power.
vWe will comment upon the admlnlstratlve problems assocrated ‘with
provrdlng and serv1c1ng these»decentrallzed generators and~mentlond
hsome of the 1mp11cat10ns of 1mplant1ng thls new technology in
: lthe Indlan v1llage settlng. o |
| That blcloglcal materlals can be used to generate combustlble
‘fgases has been known for some tlme.l‘In northern Italy in 1776
_ Alessandra Volta recognlzed the correspondence between the volume
,of combustlble gas generated by lake sedlments and the amount of
hplant materlal in the sedlment. Durlng the second world war a K
,lnumber of vehlcles 1n Germany were: converted to methane operatlon.
.Research in Indla began at the Indlan Agrlcultural Research
Instltute in 1939.' Although a number of experlmental plants were

’developed 1t was,not untll the early 19605 that a practlcal

_ de51gn was avallable for fleld use.
The pr1nc1pal energy 1ngred1ent 1n blogas 1s methane, CH4,

orﬁnatural~gas. Blogas is’ formed in one of two ways.‘ (1) When

‘organlc materlal 1s left exposed to the alr, the gaseous: byproducts“k

g of decay escape into the atmosphere, and the re51due is compost.

“ThlS decay process is termed aercblc because it is enabled by



ﬂbacterla that work in the presence of oxyeen. v(2) fTheuprocess

of formlng useful blogas 1s Pnown as anaeroblc dlgestlon 31ncebpd
it occurs in the absence of oxygen.‘ Durlng the flrst phase,,‘
sludge>mater1als are brokenwdown into smaller‘molecules. »Ordanic]
ivcompounds are ox1dlzed to ac1ds or. alcohols, the oxygen in the s
»materlal fed to the- dlgestor is. used up, and large amounts of
’Jcarbon ledee-are formed.‘ In the second phase, bacterla convert
‘the ac1ds and alcohols 1nto methane and carbon d10x1de. Generally,f
.60 to 70 percent of: the gas formed is methane. A'dellcately

balanced envlronmenttls.requlred.’ Changes in ac1d1ty, temperature,

'inputﬁmix, and,otherlfactorsraffect the pace and yield of;the.
_reactions. For{enample} the amount of gas'generated is a function

d"éf‘temperature,7zAbout twice;the amountJOffgasrper tonfof_manure
iso produced at 75° ¢ (167 F) as at 25° c (77°F) ‘Methane B |

l generatlon stops completely below 10° C (50°F) , Temperatures in

North Indla 1n the w1nter frequently fall beneath this threshold

*‘and under such condltlons some blogas may ‘have to be used to

'prov1de heat for the plant, thereby reduc1ng 1ts net yleld. .

o CostAof Centrallzed Power Generatlon o
In order to calculate an estlmated cost of electr1c1ty-per
’dﬁkllowatt hour, it 1s necessary flrst to. estlmate the 1n1t1al
'ﬁfcapltal costs. Capltal costs of elther blogas or central power
5vfac1llt1es'1nclude'three components:Vrthe'cost'of the
Z’power plant transm1551en costs, and the cost of v111age
electrlflcatlon., The ultlmate calculatlon of capltal costs- perv

hfkllowatt hour depends not only upon these cost estlmates but upon



utilization factorséethat is; the dedree to_Which‘installed
capac1ty 1s utlllzed Uhreasonable assumptions regarding'any'of
'hethe capltal cost components or the utlllzatlon factor° Wlll
substantlally’blas the%f1nal cost per kllowatt~hour'est1mategs
A-number'ofistudies'have'attempted~to‘compute«the costs of -
installing and operatlng gobar gas units. Among~these, only a
few have compared rural electrlflcatlon us1ng blogas w1th
-'centrallzed generatlon alternatlves.;' Makhljanl and Poole
estlmated the total capltal cost for coal fired generatlng plants
in India at $500 per kllowatt. 'ThlS cost estimate 1ncluded $250."
per kllowatt for the generatlng statlon, $50 per kllowatt for
’transmrss1on, and $200 per kilowatt for rural~electr1f1catlon."
IECapltal cost for thermal generatlng plants in 1970 was about $200
per kllowatt.?i The generatlng statlon and trancml5510n costs
reported by Makhljanl and Poole for 1974 appear somewhat hlgh
but reasonableikallow1ng for 1nflatlon. At a 12-percent dlscount
rate the annual amortlzatlon per kllowatt is. $60.3
Thelr rural dlStllbutlon cost estlmate assumes that the-
average transm1551on:dlstance'fromvthe main llne'to each v1llageu
: 1s 8 kllometers.v Jolnt dlstrlbutlon to several v1llages would
dreduce these costs.v It 1s clear, too, that costs for a glven
v1llage w111 be lower the nearer 1t 1s 51tuated to major power

‘llnes and: that w1th the. growth of Indla s natlonal power system

more and more VLllages w1ll be closer to such llnes., Wlthoutf'

rgiknow1ng the exact dlstrlbutlon costs for a partlcular v1llage,_1t3»'

1s 1mp0551ble to determlne whether central or blogas costs per



'kiiowatt hour WOnldube’lower. Estimates that use average
distribution costs can thus only prov1de a ba51s for a general -
dcomparlson of the two systems.v V

“ To convert the annual capltal cbarge of $60 per kllowatt

‘ to a cost per kllowatt hour, utlllzatlon factors must be employed
For‘centrallzed power generatlon, aaproper approach-rs torseparate
:rural dlstrlbutlon costs from generatlon and transm1551on costs'
and apply an approprlate utlllzatlon factor to each portlon..
~The average generatlng plant utlllzatlon factor for Indla as a
whole has been in the range of 48 to .55 percent, whlch is.
comparable to:the average plant ut;llzatlondfactor for theeUnited‘
States.4"The_p;ant‘utilizationvfactor:shouldfbe'applied,to the“‘
generation‘andbtransmission;portion of total_capital cost ($300

L or $36vper year at a 12 percent’discount»ratej The approprlate
}factor for rural dlstrlbutlon cost ($¢00 or $24 per. year at a

‘lé percent dlscount rate) is derlved from the rate of power :
consumptlon per kllowatt of connected load 1n rural areas. -Fromrl
1966 to- 1971, agrlcul;ural sector consumptlon 1n ‘India- ranged from
657 to 842 kilowatt hours ‘per kllowatt ‘of connected load
_'representlng dlstrlbutlon network utlllzatlon of 8 to 10 percent.5
Total rural sector consumptlon rates would be somewhat hlgher.

In thelr analy31s, Makhljanl and Poole used the same
‘utlllzatlon factor for both generatlon and transmlss1on and-rural
dlstrlbutlon. They used ‘two dlfferent factors. 1150 and 800
kllowatt hours per kllowatt per year whlch represent 13 and 10

zﬂdpercent ut;llzatlon'factorsvrespectrvely.sq-These factors are -



approprlate for the rural dlstrlbutlon component but not for the :
generatlon and transmission components of total capltal cost.'dl"”'d
Makhljanl and Poole ev1dently belleve that a power plant would‘
‘serve only rural areas, that no urban or 1ndustr1al consumptlon‘
kwould be. serv1ced from the plant.»

| Table 1 dlsplays a range OL unlt costs of centrallzed power.
supply, it 1ncludes our estlmates as well as those of Makhljanl

and Poole and others.j Items one and two are actual unlt cost
calculatlons by Henderson (2 2 cents per kilowatt hour) ‘and
Venkataraman (l 5 cents) g The two Makhljanl and Poole estlmatesk~”’
for thelr assumed 10 percent and 13 percent capacmty utlllzatlon

factors- are 8. 5 cents and 6 2 cents per kllowatt hour, resoect1vely.‘

o Item flve~15'our“est1mate. We assume a plant utlllzatlon ‘factor

of 45 percent whlch ylelds a capltal amortlzatlon cost for

'?»generatlon and‘transmlss10n of .9 cents per kilowatt hour.g

We ‘assume rural consumptlon of 1100 ‘kilowatt Hours per kllowatt

of connected load (12 6 percent utlllzatlon) whlch ylelds a N
"capltal amortlzatlon cost for rural dlstrlbutlon of 2 2 cents per o
_vkllowatt‘hour;' Hence, our total value for amortlzed capltal |
e‘cost 1s 3 l cents per kllowatt hour (us1ng a 12 percent dlscount
ﬂrate) If Henderson s operatlng cost per kllowatt hour. of l 3
cents lS ralsed»to l 5 cents to alIOW'forﬂlnflatlon, the total
"unlt cost: of centrallzed f0551l fuel power generatlon for rural
areas becomes 4 6 cents per kllowatt hour. .Because thls cost.
estlmate was calculated u51ng conservatlve utlllzatlon factors,,V

'lblt should be con51dered the upper llmlt for centrallzed power costs,l’
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Table 1

Unit Costfof'Centralized Electricity Supply in India

actual 1971-1972 costs .

actual '1967-1968 costs

capacity utilization = 10 percent
- 800 kwh/kw/yr .
capacity utilization = 13 percent

1150 kwh/kw/yx

plant capacity utilization = 45
pexcent -
rural distribution utilization =

- 13 percent

3942 and 1100 kwh/kw/yr

authors' calculations.

Capital cost-amortization

3.1

-

(cents per kwh)

Operating cost {cents per kwh)

(1) Henderson,’p.'87: (2)'Venkatayaman; pp. 84-88;
(3) and (4) Makhijani and Poole, pp.

97-98; (5)

Total unit cost (cents per.kwh)



for yillageSVan "average" distance from power lines. This cost
estlmate w1ll be compared w1th the blogas generatlon cost |

.estlnates dlscu sed below.

delogas Based "Power Generatlon

" The phy51cal parameters controlllng the generatlon of
'75e1ectr1c1ty_u51ngva_decentrallzed~blogaS‘system are summarlzed
in Table 2. - Coiumn'one'containS‘our,estimates;vcoiumns two and
three show.comparabiefdata from other-sources. ‘In‘aniaVeragey
village there are inwthe neighborhood of-250‘to 3Q0 cattle.
Assumlng that each. anlmal w1ll provrde about three kllograms of
dry dung each day and that three quarters of that amount is:
collected for use, the total amount avallable w1ll be 675 kllograms.
Our estlmate is thus hlgher than those of Prasad gt_a;. (596,'. |
:kllograms) and of Makhljanl and Poole (622 kllograms) Multi—
pllcatlon of usable dry dung by the blogas yleld per kllogram‘
_(11 cubic feet) and by the BTU content of a cublc foot of gas,.
yleldSytheutotal BTU content.; When thls total is divided by the
energy'conversiOn.factorband multlplledvby‘theveff1c1ency of the.
power'generator, a maXimumtpower‘generation»estinate'is’derived,'
“This is 337 kllowatt hours per day,hand 1s lowcr than those |
h_calculated by Prasad et_ai. and Makhljanl—Poole.. We belleve,d
hhowever, that thls»ls.an optlmlstlc;value.and”an;uppér;limit~
wrth current technology.;{ | - Vv o

The dlfferences among the three results are due to’the usey fd

of dlfferent yleld and conver51on estlmates. Makhljanl and Poole
(.

‘ff-assumed a 60 percent conver51on eff1c1ency whlch is near the



. » ~Table 2 s ,
. Assumptions Used. for Blogas Power Generatlon

"Authors Prasad Prasad,, Makhijaniel

Item o e' v  B Units e Values "f and Reddy . - and Poole

1.  Dry dung/cow/aay , \_','t o tkg;‘f‘r R 3 0 R 3.18 - L Vi'2.9€_itix'

‘, 2.f‘No. of cattle in v1llage » ;"’~ifig,. SR 3007v e ‘g250u'> i 30011
3. Dpry dung/v1llace/day | o S kg 900 795 o g8g
'"; 4, uCollectlon eff1c1ency e ”%{ R ;'{75,1“'v’j"’4“75“n7 - ttf 70

utS.t_Usable dry dung/VLllage/day R {kg;,;;;’ylt 675 . Tft;596'j; V-jft1.:6225j

< 6. Biogas yleld/kg.vdry dung R cu.ft. 11 6.6 “kflitlf?@13;5a_,f’

7“vEnergy content/cu.ft,;of bloéasbf‘ BTU* j‘ 620t's't‘_s 620 R tu_'x  Géofj»

8. Conversion facter ~  kwh/BTU 3413 . 3413 3413

‘ 9.> Bowe: generating efficienoy' ' : k%;s e 125 B _ "83¢f 'V"p t.;‘gsdfq;"

 10. Maximum power generation/day . kwh = . ‘337f'utj 593 . o381

: Blogas yleld for the Makhljanl and Poole study was calculated by multlplylng the‘
energy content of dry dung (14,000 BTU/kg.) by the assumed conversion efficiency of S
60" percent, ‘and dividing the result by 620 BTU/cu.ft. This yield is equlvalent to o
6 cu.ft./1lb. of dry dung which is the expected biogas yield at 27°C (80°F). Clearly,fv’
a net yield of this magnltude is not currently attalnable durlng w1nter months 1n

North Indla_ ) : i R o :

bSathlanathan, p. 62.

Prasad Prasad, and Reddy make the dlrect conversion from cubic feet of blogas
to kwh using a factor of .15 kwh/cu.ft. biogas. Assuming. 620 BTU/cu ft. of biogas,.
~this conver51on amounts to a generatlon eff1c1ency of 83 percent. ’ : -
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hidh‘est’observe’drin-experimentalfplants.7 lﬁrasad; et él ‘assumed

“,a convers1on ef£1c1ency of only 30 percent and thlS is sllghtly

1?below the ‘year: round average for Indla.‘ Wexthlnk that 50 percent
,net energy conver51on may. be generally attalnable after addltlonal
applied research and development and have used thlS flgure, whlch
is comparable to 11 cubic feet of biogas- per kllogram of dry
‘dung, the next keywassumptlon concerns power generatlon efflciency}
that is, thepefficiency of the'internal combustion'eugine and -
geherator in'converting biogas energy 1nto electrlc power..
Makhljanl ‘and Poole assume a generatlon eff1c1ency of 25 percent
_7wh1ch is probably near the upper llmlt.gl Although gasollne

1 engines usually run at less than 25 percent eff1c1ency, we
selected a generatlon efflclency of 25 percent as the best
rpossrble-case. Based on these assumptlons, the max1mum power
rithat could be generated per day is 337 kllowatt hours. .

o The costs of generatlng power may be estlmated on two 2
dlfferentvbasesuy (1) - assumlng a portlon of the blogas is used

- for cooking to replace dung that was prev1ously used for thls

-purpose, and,(2) assumlng a- substltute (perhaps solar energy

.ery water hyac1nths) could be found for cooklng SO’ that all blogas

"\could be used to generate electr1c1ty.v The ad]usted 1n1t1al
"capltal and annual costs of these two alternatlves are given" 1nvr'

Tahle;3, Follow1ng Makhljanl and Poole, 46 percent of the

.biogas*generatedwls»assumed tO'be adequate”to~serve'the cookiud

needs of two hundred famllles in the v1llage.~,Thisffractioh]mayv'

fbe low in llght of the technlcal dlfflc‘ ;1es;1n;maintaining vvvwl
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‘a hlgh level of productlon. bNonetheless; we will;proceed withv.
the analySLS of capltal costs based on ths assumptlon.plFor‘v
the appllcatlons w1th and w1thout blogas used for cooklng, 1t
_1s asserted that the costs of the bloga51f1cat10n plant the'
,gas plant aux111ar1es,‘land and:gas storage and compresslon
»would be 1dentlcal. Thls procedure is valld for the flrst
wthree 1tems but 1s open to questlon for ‘gas storage and com—p
lpre351on.v Storage fac111t1es adequate for 50 percent of the
-uannual product;on,of 3?5 were assumed in both cases. Th;su
_assumption>ls reasonable forlthe”case'withouttcookingifuel' but_
'appears to be too hlgh for the case w1th cooklng fuel because
dally utlllzatlon of gas for cooking would even out the consumptlon
) pattern through tlme relatlve to the case w1thout cooklng luel
‘Hence, we reduced the storage and compres31on cost for the Casev
_w1th cooklng fuel
‘Table. 3 dlsplays the reulsed capltal and ahnual costs for

'the two cases assuming generator capac1t1es of 66 kllowatts
rand 123 kllowatts. Makhljanlﬂand Poolewused-generator srzes of
375 kllowatts and 140 kllowatts for the w1th -and w1thout cooklngd'
’r;cases respectlvely.T Because we arrlved at a lower max1mum dally
rgeneratlon flgure, we reduced the generatlon capac1t1es and
recalculated the cost flgures.~ Makhljanl and Pooleﬂassumed ‘no.
_economles of scale for the hlgher capac1ty generators, an. hypothe—_:
sis’ we~reta1n. | ' |

' Gross annual cost for a blogas plantdls calculated by

Hﬁamortlzlng at a 12 percent dlscount rate the total 1n1t1al plant



;tlg{_

”Table'é"‘;

Costs of a Decentrallzed Blogas Generatlon

f' ~and Electrlflcatlon Plant*

7TeGasﬁUsed"-

SURRRE T P PO  Alternative

-Cost Item " For - Cooking
. ' : Cookinga,’ Fuel
Capital Costs

Bloga31f1catlon plant L '$ 8,000 $ 8,000

- Gas plant aux1llar1es 1,000 1,000
Land cost. @l 000 - ~1,000
Gas® storage and - compre551on : 1,000 - 1,500
Cooking ‘fuel: dlstrlbutlon cyllnders and - -

gas stoves

- Cost . of water hya01nth or other cooklng

system
Electric generator with' rec1procat1ng
'~ gas engine: and sw1tchgoar Gl60/kw
. installed . '
,}Constructlon superv131on and tralnlng

' Subtotal

.Interes* -on capltal durlng 51x months
‘ :constructlon @12 percent

Total

‘COSt’pe: kw»»_g~~

8 I.OOO v‘ '

- e

10,600

©$30,600
1,800
©$32,400
4o

10,000
19,700

S 1,000

1$42,200

 $44,700 -

363
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Table 3 (coﬁt?d)1

Annual Costs

. CaPltal cost amortization o o ~‘$v41l00‘>

kwh

‘Residue collectlon at $2/ton fresh . . 2,600
- manure - | L R
Local labor and maintenance _ - 1,300
Market town services. _ 500
Labor for distributing cooking fuel 4 300

: Gross'annual costs-. ‘ o B 3‘8)800 J
Credit for cooking. fuel sales S '2,000ft

, Credlt for fertlllzer v el IR 2,400
Total credits . . o o $;4,4OO

' Net annual operatlng cost _t ‘ B 4,400
Annual electrlclty generatlon at " , . 66,000'

l 000 kwh/kw

! Cost.per kwh‘: ' , ‘ » SR , . ‘é;7¢ '

$ 5,700
2,600
1,300

500
600

$10,700

2,000
2,400

$ 4,400

6,300

123,000 kwh.

5.1¢

' SOURCE: ‘These' cost estlmates are adapted from cost values

’contalned 'in Makhljanl and’ POOle, Dp . 112 116,

* All costs are rounded to the nearest $100.
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inVéstment'and addinghfourtadditionaihCOSES: coilectionhcosts,
~labor and maintenance,-marketvtown services{'and distribution
‘costs ofbfuel. A;twenty—five year iife‘is asSuned’for the biogas
.plant and other equlpnent, whlch may be somewhat long glven ‘the
corr051ve nature of ‘some .of the materlals used in. blogas generatlon. )
| After flgurlng gross annual operatlng costs} 1t lS necessary
to subtract credlts for cooklng fuel sales and a. credlt for
fertlllzer sales to obtain a flgure for net annual'operatlngv
costs. Annual electrlclty generatlon was flgureo on the bas1s‘v
vof 1000 kllowatt hours pcr kllowatt 1nstalled the flgure used
,by Maknljanl and’ Poole, whlch Ieptesents a capac1ty flgure of
11’4 percent.g' Slnce all of the electrlclty‘generated;fromsthe
h'blogas plant would be- used 1n a llmlttd rural area, thlS : |
"capa01ty utlllzatlon represents an uuper llmlt.' USLng the above
eassumptlons and cost lnput data, the COSL per kllowatt hour of
electrrc1ty w1th«blogas~used for COOklnG_WOUldﬂbe~6.7 cents and
thh no cooklng prov1ded from the blO”ao 5 1 cents. Since
assumptlons favorable to- blogas generatlon were used when no’
Cfirm data were. avallable, these costs represent lower limits

«of the costs for“blogas based generatlon._v

Comparlson of Cost Estlmates,’“

Clearly,hboth of the blogas cost estrmates are 51gn1f1cantly
oéreatersthanrthe¢4.6 cents,per kllowatt.hour,cost,for»the
oentraiizedhpo%er generation sYSteﬁtf It should;be emphasiiedv
that 4 6 cents/kwh represents the upper’ 1lmlt for the 'averaQe"

yiVLllage and that 5 l cents/kwh represents the 1ower llmlt for
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:power_generatiOn'ﬁsing‘the'biogas system.  Actual differences -
may be conSiderably greater. Based on economic conSiderations;'

alone, the conclu31on of this analy51s is that electr1c1ty

generatlon using centrallzed power - fac111t1es 1s on average

more cost advantageous than adoptlng decentrallzed -systems
10 .

based on blogas generation.

| cIn some,satuataons,,however, poWer generation,from gobar'
gas may be»a'reaSOnable alternative; In 1solated reglons, the
transmission costs wouldlbe‘higher than those estlmated Small
_ villages, or even’ caste or llneage nelghborhoods, mlght use
biOgas:as“an 1nterlm alternatlverto a centralfsource.‘ Even 1f
~only 20 percent'of-India's villages‘fall4into‘these categories,”
' over 100 000 unlts would be 1nstalled N
It should be noted that our conclu81on applles only to
’the ‘use of blogas as a means of decentrallzed electrlc power
. generatlon.‘ We ‘have not conSLdered the merlts of gobar gas as-
a cleaner more healthful cooklng fuel, nor have we examlned ‘the
vpotentlal of - the: res1due belng a superlor fertlllzer, conSlderatlonse,'

g whlch would enhance'lts-appeal. A.blogas'program.may be

deSLrable solely as a means, of produc1ng both cooklng ruel and

.'fertlllzer from cow dung w1th no assoc1ated power generatlon.

Potentlal Problems with a
Blogas Power Generation Program

Before ‘biogas is adopted in those c1rcumstances where 1t 1s

»deemed de51rable, there are a number of polltrcal and admlnlstratlve,v

-problems that need to be»resolveddatvthefnatlonal'level. In -
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dsaddltlon, 1f past experlence w1th.agr1cultural a551stance,‘

.communlty development, and cooperatlve credlt 1nst1tutlons at
'dthe v1llage level is- any gulde, the v1llagers of Indla are -
llkely to find thelr llVGS deeply affected by the program"and
yln turn, they are llkely to bend blogas 1nstallatlons to thelr
own purposes and thereby upend the calculatlons of pollcy—makers
- who 1gnore the human factor. |

The general admlnlstratlve‘problems likely to be encountered

. are those-typicalkof any new program. These include coordlnatlonv _‘

of flnance, productlon, dlstrlbutlon, and polltlcal act1v1t1es
together w1th assurlng adecuate numbers and competence of - staff o
- to carry forward ‘the ~assigned tasks. Any ma351ve diffusion of_y
»technology depends upon the dlssemlnatlon of 1nformat10n,‘
'guldance of productlon and dlstrlbutlon by c00peratlon between
tftechn1c1ans and the servrce populatlon, and adequate prov151on
‘for malntenance.. A successful blogas program must be based on
a technlcally sound plant Wthh can lunctlon under a wide: range
Aoffoperatlng condltlons.' Much research needs to be done on plantw
-de51gn for 1mproved efflclency,‘lmproved w1nter operatlng |
L‘performance, use of solar energy to heat the blogas plant, proper

utlllzatlon of the sludce output to conserve nutrlents, and’

"‘u blogas plant operatlons ln water short reglons., Inltlal break—‘i

‘*downs 1n admlnlstratlon, malntenance, or technlcal components may‘_

'sour v1llagers on the program, and they ‘and thelr nelghbors ﬁ;\
J . ) s

may become~progre551vely unresponslve. ~
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vThere:is"alSO7the'danger that new'biogas uhits will be
eﬁplaced inrvillagesvwhich.are close to exiSting roads,‘towns,.
bbandfpowerrlines. This”pattern'may.tend to result fromﬁeaSefof‘"f
access. for constructlon, malntenance, and monltorlng ‘Yétr ”
these are the 51tes where blogas power generatlon offers llttle
or no cost,advantage.a Off;c1als w1ll_have to take specral
steps,to ensure_that decentralized rural.electrifiCation reaéhes
ihto the more remote areas uhere it willbdo the most good and‘
«does not end up as merely another fac1llty prov1ded to the -
already bu11t~up reglons. .
Magor~obstacles to,thefsuccessful dissemination and
‘ utilization of'biogas plants in‘Indiaﬁ villages are;found at
‘l'the v1llage level. Currently, cow dung is. used dlrectly forifuel.
u_and compost ‘in many Indlan v1llages,’and there is an‘ex1st1ng
'5001al-cum-economlc structure that prov1des for the_collectlon, o
: dry:ng, and dlstrlbutlon of the dung fuel. The'institutional
structure is so arranged that, generally, fuel is avallable for
the cooklng needs of v1llagers in all castes or economlc classes,
and w1thout regard to the dlstrlbutlon of cattle ownershlp.;
"If . a blogas plant 1s establlshed then cow dung would not.
_be‘used dlrectly as a fuel but would be "transformed“‘lnto,
_ another type of fuel and fertlllzer. One could-ant1c1pate that‘
many of the types of ten51ons assocrated with commer01allzatlon
of the v1llage econonrc system and w1th the adoptlon of new farm_

: technologles would recur. @As‘ln:these prevrousgoases,‘thevneW»‘
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cevelopment'proviaes'novei opportunities‘fOr‘qain for'some in‘
;the v1llage and threatens to deprlve oLhers of ex1st1ng income
rl?htS'; ln turn, these economlc changes will interact w1th |
casteuand,status relatlonsh;ps and with the ylllage polltlcal_»
7‘system.r At presentffaﬁng iS-a.nonmarketed‘commodity subjecthto_.
rules:and‘rights'thatrgoyernjits sharing;r'AS'with;crops,ﬁiabor;
vland,'and water, dung will become anmarketed and‘pricedeitem'
subject to:distribution through the market_system. It is
reasonable@tofsuppoththat:the vi;iage,Cattle*owners, who are
likelylinftheﬁmain%torhe theTWealthier;peasant farmers,rwillh
attempt to'assertyiatent property rightsxto‘their‘beastS"

dung. Thelr power and status are llkely to enable them to get
theirhway. Tne losers w111 be the poorer famllles whose women .
"Eand chlldren collect dung For cooklng.“.mhey w1ll have to seek’
alternat;ve sources_of’fuel. Some mayfevenklose small lncomesh
 £rom the'sale of dried dung; | o |

vOn the;distributionISide,wsome.equitable andnenforceable7

, method.mtst'bévdeviSed;for‘Qoverningﬂthe‘flow_of}gas,‘electricity},

‘and fertilizer;'«Even if initial effOrts to ensure eVenéhanded

» communlty control and to des1gn an equltable pattern are

v  succeSSful (whlch is not llkely),.lt would be surprlslng 1f the |
big men of'the vlllage.werefnot;ab;ejtofabort these, placee
theméelveszastridefpower.andwgasriines,-and apgropriate_more.than
thelr share of energy and fertlllzer.,, | |

One may w1th some confldence predlct a worsenlng of the
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internal distribﬁtibn of resources and incomes inside the village.
A prerequisite to takingithé biogas system into village India{
must be the'déSign of a‘setgof‘lébally intelligible.property
rights and payments.that do not do excessive violence to existing
economic rélatioﬁships«—it is.too much to expect a change for

" the better. At a minimum, some‘serious thought must bg'given‘

: to{determining_what e?fects the new technology will have on

villagé'ihstitutionsxand how the villagers will respond.
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