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One possrble means of prov1d1ng electr1c1ty to Indla s

: 550 000 Vlllages is by usrng animal, human, and possrbly some‘

rforms of veget ole waste to make methane, a fuel ‘that can be

employed-lnvsmall,generators looated in or'near_the~communlt1esftr

to be servedi, This'methodiis.OEten called the gobar»gas.proceSS

in Indla since "gobar"4~cattle dung--ls the main 1ngred1ent. _ The

hprln01pa1 alternatlve, and the one that has been pushed in recent

"drlves for rural electrlflcatlon, 1s large scale power works,

u51ng coal hydroelectrlc potentlal, atomlc energy, or now posslbly

',011 or gas.: Rellance upon the large-scale system mandates an:

'.exten51ve power grld, whlch the local svstem does not. The Indian'_-p

government 1s consrderlng a commltment to a srzeable small- scale

' power program, p0551bly assrstcd Dy multllateral forelgn ald.

. The economrc bas1s of thlS dec1sron and 1ts ramlflcatlons for

rural soc1ety have_not, however, been systematlcally assessed.

In thls 'r we w1ll undertake a cost analy51s of the two

vmajor rural power o;tlons., central.power~fa01llt1esvand.b;ogasQ

units.  We wlllrcontrast:ourﬁfinﬁingSlwitthhe,estimatesfof the

imajorfprevieusgﬁtudiesﬁOf hiogaswelectrifiCation,';In our judgement, -

E *The Center for Internatlonal Studles, Cornell Unlver51ty,‘

B prov1ded partlal support for the research upon whlch thls paper

?”15 based.
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*thelr cost estlmates have been substantlally blased towards local
unlts. Our conClus1on is that, on average, centrallzed power
’.vproductlon and dlstrlbutlon have an apprec1able cost advantage
overvlocal*unlts. Where v1llages are remote from transm1531on
llnes, however, small scale units may prov1de a cost sav1ngs. :’:
kThere are thus numerous locatlons 1n rural Indla where gobar gasvf
ﬁfac111t1es may serve at least as a tran51t10nal source of power.p:’
’fWe w1ll comment upon the admlnlstratlve problems assocrated w1th,
'prov1d1ng and serv101ng these decentrallzed generators and mentlon

'some of the 1mpllcatlons of implantlng thlS new technology ln

}the Indlan v1llage settlng.
‘That blologlcal materrals can be used to generate combuStibief;
":gases has been known for some tlme. ~In northern Italy 1n 1776
"; Alessandra Volta recognlzed the correspondence between the volume -

V%of combustlble gas generated by lake sedlments and the amount of

dplant materlal in the sedlment. Durlng the second world war a f
';number of vehlcles 1n Germany were: converted to methane operatlon.
.Research ln Indla began at the Indlan Agrlcultural Research |
’ iInstltute in 1939.' Although a number of experlmental plants were-l

developed, 1t wasgnot untll the early 19608 that a practlcal

_ de51gn ‘was avallable for fleld use.
The pr1nc1pal energy 1ngred1ent ln blogas 1s methane, CH4, ﬂ
or natural gas. Blogas is" formed in one of two ways-: (l) ‘When

| ,organlc materlal is left exposed to the alr, the gaseous byproductsf'

:of decay escape into the atmosphere, andi%he re31due is compost.n

f-fThls decay process is termed aeroblc because 1t is enabled by
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L\ﬁbacterlawthat work in the presence of oxygen."(2)'JThe~process

of formlng useful blogas 1s known as anaeroblc dlgestlon s1nce

1t occurs 1n the absence of oxygen. Durlng the flrst phase,_.'

' sludge materlals are broken ‘down into smaller molecules. Organicl

f'compounds are ox1dlzed to ac1ds or alcohols, ‘the oxygen in the
ematerlal fed to: the dlgestor is. used up,’and large amounts of
\calbon dlox1de are formed. - In the second phase,'bacterlavconvert
‘the a01ds and alcohols 1nto methane and carbon d10x1de. hGenerally,
_}60 to 70 percent of the gas formed is methane., A'dellcately"fl

j»balanced env1ronment is requlred.. Changes in ac1d1ty, temperature,

:”lnput mlx,,and other factors affect the pace and yleld of the

freactlons. For example, the amount of gas generated is a functlon

v?f temperature.~ About tw1ce the amount of gas per ton of manure

s produced at 75° c (167°F) as at 25° c (77°F) Methane

h‘generatlon stops completely below 10° C (50°F) Temperatures 1n
'bNorth Indla 1n the wrnter 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.,.

Cost’of Centrallzed Power Generatlon f7
In order to calculate an estlmated cost of electr1c1ty‘per
ftﬁrllowatt hour,»lt 1s necessary flrst to estlmate the 1n1t1a1
n}capltal costs. Capltal costs of elther blogas or central power
7Jfac111t1es 1nclude three components~“:the-cost-of the |
, power plant, transm1s51on costs, and the cost of v1llage

»electrlflcatlon.» The . ultlmate calculatlon of capltal costs per

NS;kilowatt hour depends not ouly upon these cost estlmates but upon



Hutiliiationlfactors¥-that is; the dedree to Whichsinstalled d(
capac1ty 1s utlllzed. Unreasonable assumptlons regardlnq any of
dfpthe capltal cost components or. the utlllzatlon factors w111
substantlally’blaSwthe%flnal cost'per kllowatt~hourzest1mate;~
A number of studles have attempted to compute the costs of

1nsta111ng and operatlng gobar gas. unlts. Among these, Only a

-i_few have compared rural electrlflcatlon us1ng blogas w1th

centrallzed generatlon alternatlves.l Makhljanl and Poole

estlmated the total capltal cost for coal flred generatlng plants,'

in India at $500 per kllowatt._ ThlS cost estlmate 1ncluded $250 i
per kllowatt for the generatlng statlon, $50 per kllowatt for
'transmlsSLOn, and $200 per kllowatt for rural electrlflcatlon.‘dv
15Cap1tal cost for thermal generatlng plants 1n 1970 was about $200
per kllowatt.?_ The generatlng statlon and transmrssron costs
J‘reported by Makhljanl and Poole for 1974 appear somewhat hlgh

vbut reasonable, allow1ng for 1nflatlon. At a l2 percent dlscount
' 3

‘rate the annual amortlzatlon ‘per. kllowatt is. $60.
| Thelr rural dlstllbutlon cost estlmate assumes that the:

-sﬂaverage transm1551on dlstance from the main 11ne to each v1llage.

F‘-xsv8 kllometers.{ Jolnt dlstrlbutlon to several v1llages would

L Freduce these costs.f'It 1s clear, too,_that costs for a glven

v1llage w111 be lower the nearer 1t 1s 51tuated to major powerlv?

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

: more and more v111ages w1ll be closer to such llnes.v Wlthout~'

{@Eknow1ng the exact dlstrlbutlon costs for a nartlcular v1llage,‘1t;

1s 1mp0551b1e to determlne whether central or blogas costq per
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"kllowatt honr would be lower. Estimates that use average

| ‘distribution costs can thus only provrde a ba51s for a general
lcomparlson of the two systems. | | .

To convert the annual capltal charge of $60 per kllowatt
‘to a cost per kllowatt hour, utlllzatlon factors must be employed

g For centrallzed power generatlon, avproper:approach-rs to-separate‘

_rural dlstrlbutlon costs from generatlon and transm1s51on costs

dand apply“an approprlate utlllzatlon factor to each portlon..'
'5The 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 1llzatlon factor for the Unlted L
‘States.4‘vThe.p;ant utrllzat;onﬁfactor_should&be applledvto the -
géneration:and:transmissiontportion'of totai Capital cost.($300v.'
oxr $36 per year at a 12 percent dlscount rate) The approprlate
‘factor for rural dlstrlbutlon cost ($200 or $24 per year at a ‘v
'12 percent dlscount rate) is. derlved from ‘the rate of power .
consumptlon per kllowatt of connected load 1n rural areas.v From
1966 to- l97l,lagr1cu11ural sector consumptlon 1n ‘India ranged fron

657 to 842 kllowatt hours per kllowatt of connected load

_'representlng dlStrlbLthn network utlllzatlon of 8 to 10 percent.5

' Total rural?sector consumptlon rates would be somewhat hlgher.

In thelr analy51s, Makh13an1 and Poole used the same
.utlllzatlon factor for both generatlon and transm1s31on and-rural
dlstrlbutlon.» They used two dlfferent factors.: 1150 and 800
kllowatt hours per kllowatt per year Wthh represent 13 and 10

"Vpercent ut;llzatlon»factors-re pect1ve1y.,, These factors are -



approprlate for the rural dlstrlbutlon component but not for the
generatlon and transm1ss1on components of total capltal cost.
Makhljanl and‘Poole ev;dentlyﬂbelleve that a power'plant would‘-‘
serve’onlyfruraluareas, that no‘urban orindustrial~conSumption

| would be serviced from the plant. |

| “Table 1 dlsplays a range of unlt costs of centrallzed power‘
fsupply; it 1ncludes our‘estlmates as~well as those of Makhljan;
and Poole and others;t Items one and two are'actual unitrcost
calculatlons by Henderson (2.2 cents. per kllowatt hour) and
vVenkataraman (l 5 cents) The two Makhljanl and Poole estlmates
“for thelr assumed 10 percent and-13 percent capaclty utlllzatlon
factors - are 8.5 cents and 6. 2 cents per kllowatt hour, respect1velj.
h\Item flve~1s~our~est1mate. We assume a plant utlllzatlon factor |
of 45 percent whlch ylelds a capltal amortlzatlon cost for
generatlon and transmission of .9 cents per kllowatt hour."

We assume rural consumptlon of 1100 kilowatt Hours per- kllowatt

of connected load (12 6 percent utlllzatlon) whlch ylelds a
capital amortlzatlon cost for rural dlstrlbutlon of 2.2 cents per ‘p
‘,kllowatt‘hour. Hence, our total value for amortlzed capltal

v cost 1s 3.1 cents per kllowatt hour (u51ng a 12 percent dlscount
~rate) If Henderson s operatlng cost per kllowatt hour of 1 3 e
cents 1s ralsed to 1.5 cents ‘to allow for inflation, the total
unlt costjof centrallzed f0551l fuel power generat;on for rural'
areas becomes.4'6"cents perxr ki10watt hour. VBecause this‘cost‘.v
('estlmate was calculated us1ng conservatlve utlllzatlon factors,

it should be con31dered the upper 11m1t for centrallzed power costsf



Table 1

Unit Cost of Centralized Electricity Supply in India

Capital cost-amortization

(cents per kwh)

Operating cost (cents per kwh)

l. .actual 1971-1972 costs . .9 1.3
2. actual 1967-1968 costs .8 .7
3. capacity utilization = 10 percent 7.5 1.0
- 800 kwh/kw/yr h "
4. capacity utilization = 13 percent 5.2 1.0
1150 kwh/kw/yx
5. plant capacity utilization = 45 3.1 1.5
percent - ’
rural distribution utilization =
13 percent '

3942 and 1100 kwh/kw/yr

-

Total unit cost (cents per4kwh)

2‘2

1.5

8.5

4.6

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



for villages an "aVerage" distance from power lines.  This cost
estimate will be'compatedlwith the biogas generation cost
eEtimateSgdiécussed'belOW.

| Blogas Based Power Generatlon

| The phy51cal parameters controlllng the. generatlon of

'ﬂelectr;01ty u51ng a decentrallzed blogaS'system are,summarlzed

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

three show.comparable data from other sources. In an'aVerage'
village‘there'are'inﬁthevneighhorhoodvof 250 to 300 cattle.
ASsumingkthat eachﬁanimalvwill provide,ahout three kilograms of
dfydungleaCh dayband that thtequuattens of that‘amount'is~
collected for use, the total amOunt'available'will.he'675‘ki1¢9rams.
our estlmate is thus hlgher than those of Prasad et al. (596»>.” -
kllograms) and of Makhljanl and Poole (622 kllograms) Multi—
pllcatlon of usable dry dung by the blogas yleld per kilogram |

‘(ll cubic feet) and by the BTU content of ‘a.cubic foot of gas,.,v,
;tylelds,the total. BTUacontent.; When thls total is divided by the '
‘venergy conversionffactorhand mult;plled byvthe:efflclency of the-
poWerxgenerator,_a maXimum’power,generatlonuestimatebishderived.
’ThiSlisn337 kilowatt_hours'pervday, and isvlower than\those»
vcalculatedvbY”Ptasad et;al. and Makhijani—Poole.' We believe,
lhowevet;» hat thls is an optlmlstlc value and an upper llmlt

tw1th current technology -

The dlfferences among* thevthree results are. due to the use d

‘of dlfferent yleld and conversion estlmates., Makhljanl and Poole
v i (;
75assumed a 60 percent conver51on eff1c1ency whlch 1s ‘near the



- - -Table 2
Assumptions Used for Blogas Power Generatlon

‘ Authors Prasad Prasad, Makhijani

\h‘ Item "“‘ : ,7 v‘Units‘ _' Values h'V and Reddy ,;»"andiPOole
1. Dry dung/cQW/day R | vkg'. 3.0 - '3;18; . 2.96
2. No. of cattle in village - T o : : ,.3;\)0' . 250 o '3oo N
3. Dry dung/village/day  kg. 900 795 gss
& 4. 4Collectlon eff1c1ency ) L g o g ’:175 L h ""75" "‘ 70
: 5.  Usable dry dung/v1llage/day . i hg. . l--,6757  :: ’ ‘l‘y596 e  vl-622 ,
6. vBlogas:yleld/kg.~dry,dung = r".'cu;ft; 'h“‘: 11 ,':: ’f,‘ :6f6 Gy lhhv]lB.Sa f
7. Ehergy ccntent/cu.ft,ecf bicgasb : BTU - GZQ.Y‘ h \620 j S  h620;1l
| 8.‘tConversicn factor = e e kwh/BTU"_r 3413 R 3413l ,i s :34137 t"
9. Ecwer genereting efficiency | ”%f i >h25 . o g3% B lééwe“;u
. 10.- Maximum‘hcwer generéticn/day . kwh v:'*h 337[v ;l ““, 593 | vi o 381av7

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
60 percent, and dividing the result by 620 BTU/cu.ft. This yield is equlvalent to

6 cu.ft./1b. of dry dung which is the expected biogas yield at 27°C (80°F). Clearly,
a net yield of this magnltude is not currently attalnable durlng w1nter months 1n
North India. : . S : : =

bSathlanathan, p. 62.

Prasad Prasad, and Reddy make the dlrect conver51on from cubic feet of blogas,
to kwh using a factor of .15 kwh/cu.ft. biogas. Assuming 620 BTU/cu.ft. of blogas,
‘thls conversion amounts to a generatlon eff1c1ency of 83 percent. . :
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highest'observed.in~experlmenta12plants,7_lﬁrasad;\ét;éi.fassumed
'_a conversion efficiency-Of only 30 percent,and this is slightly}_’
‘;jbelow the ‘year round average for Indla.' We:think that>56'percent7
'net energy conver51on may be generally attalnable after addltlonal
applied research'and’development.and have used”thlsrflgurey wh;ch P
'is‘COmparable.to_ll cubic feet of biogas‘perfkilogram of’dryg |
dung..’The nextvkey.asSumption.concerns‘power generation efficiency}
that is, the efficiency of the internalsCOmbustion‘engine and
»generator in convertlng blogas energy into'electric power. |
Makhljanl and Poole assume a generatlon eff1c1ency of 25 percent

'whlch is probably near the upper llmlt.8

Although gasollne
englnes usually run at less than 25 percent eff1c1ency, we

| selected a‘generatlon-efflclencyﬂof.25»percent as the best
'tpossible'case; Based on these assumptlons, the max1mum power
lirthat could be generated per day is 337 kllowatt hours.vr’

._ ' The'costs-ofygeneratlnq’Power may bevestlmated on tw0'""
.,different-baseséhl(l) 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 -

- g,‘or water hyacrnths) could be found for cooklng so that all blogas

’ could be used to generate electr1c1ty. -The adjusted 1n1t1a1 Y
':’gcapltal and annual costs of these two alternatlves are glven ln :t
_TableuB. Follow1ng Makhljanl and Poole, 46wpercent of the | |

'«_blogas generated is assumed to be adequate to serve the cooklng
ineeds of two hundred famllles in the v1llage. ThlS fractlon may;:

fbe low in llght of - the technlcal dlfflcultles in malntalnlng
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'a hlgh level of productlon.v Nonetheless, werw1ll proceed w1thlc
:the analy51s of capltal costs based on ths assumptlon.,:Forh
'the appllcatlons w1th and w1thout blogas used for cooklng, 1t
.lls asserted that the costs of the bloga51f1catlon plant the
',gas plant aux111arles,vland and:gas storage and compresslon h
: would be ldentlcal. - This procedure is Valld for the flrst .
;three 1tems but 1s open to questlon for gas’ storage and com—'
'press1on.- Storage fac111t1es adequate for 50 percent of the
nannual productlon of gas were assumed in both cases. = This
.assumptlon is reasonable for the case wrthout cooklng fuel but ’
‘appears to be too hlgh for the case w1th cooklng fuel because‘
dally utlllzatlon of gas for cooklng would even out the consumptlon

pattern through t1me relatlve to the case w1thout cooklng fuel.

11=Hence, we reduced the storage and compreq81on cost for the casel

:w1th cooklng fuel.b‘

Table 3 dlsplays the reulsed capltal and annual costs for
vthe two cases assuming generator CapaCltleS of 66 kllowatts
v;and 123 kllowatts.v Makhlganl»and’Poole~used'generator srzes of

| f75 kllowatts and 140 kllowatts for the w1th and w1thout cooklng;f

‘;gcases respectlvely.pﬂBecause we arrlved at a lower max1mum dally

hgeneratlon flgure, we reduced the generatlon capa01t1es and
u‘recalculated the cost flgures. Makhljanl and Poole assumed no
.economles of scale for the hlgher capac1ty generators, an. hypothe—yhr‘
SlS we retaln. | o | |
Gross annual cost for a blogas plant‘ls calculated by

h;amortlzlng at a 12 percent dlscount rate the total 1n1t1a1 plant_:
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mebles

e Costs of a Decentrallzed Blogas Generatlon

*f and Electrlflcatlon Plant*‘

Cost Item

“Gas Used

For

- Cooking.

'e_Alternative
Cooking .. .

Fuel

- Ccapital Costs

Bloga51f1catlon plant S

- Gas plant aux111ar1es

Land cost o
Gas storage and compre551on .

Cooking fuel: dlstrlbutlon cyllnders andtf”

gas stoves:

- Cost.of Water hyac1nth or other cooklng‘

: system

.Electrlﬂ generator w1th rec1procat1ng
gas engine- and sw1tchgear @lGO/kw

installed - :

ijonstructlon superv151on and tralnlng o

tn Subtotal

"»-,Interes+ on capltal durlng 51x months
"_constructlon @12 percent ' :

Total

.cost.per~kw R

'$ 8,000
" 1,000

1,000

8,000

10,600

1,000
$32,400
S oae1

:$ 8,000

1,000
~1,000
1,500

10,000
19,700
1,000

$42,200

2,500

 s44,700




Table 3 (cont'd)

Annual Costs

aFCapltaIICOSt amortization o - '.v’gts 4;1007>

Residue collectlon at $2/ton fresh - . 2,600
. .manure ' . T
Local labor and. maintenance o 1,300
Market town services ’ 500
Labor for dlstrlbutlng cooklng fuel 300

: Gross annual costs o - ' i ' h ‘$f8?800. ;

Credit for cooklng fuel sales o ' o2,00QtLJ
. Credlt for fertlllzer it S 2,400

"Total credits ‘a Lo . $. 4,400

| Net annual operating COst . o ""14,400

>7Annual electr1c1ty generatlon at R .‘66,000'

l 000 kwh/kw

kwh

| Cost per kwh -  o v‘ o | T f‘é.7¢,"

$ 5,700
2,600

1,300
500
600

2,000 -
- 2,400

$ 4,400

6,300
123,000 kwh

- 5.1¢

1;SOURCE. These cost estimates are adaPted from cost ‘values

‘contalned ‘in Makhljanl and Poole, pp._llZ -116.

_* All costs are rounded to the nearest $100.
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';lKlnuestment‘andhaddingffbur7additioﬁallcoSts:v.collectithCOSts)
,labor,and maintenance,:market town servicesf and distribution |
costs ofthel. A twenty—flve year llfe lS assumed for the blogas
plant and other equlpnent, whlch may be somewhat long glven the‘,v
‘corr051ve nature of some of the materlals used in. blogas generatlon.
‘ After flgurlng gross: annual opelatlng costs, 1t ls necessaryrw
'to subtract credlts for cooklng fuel sales and a. credlt for
fertlllzer sales to obtaln a flgure'for net annual operatlng
costs. Annual electrlclty generatlon was. flgured on the ba51s‘
of 1000 kllowatt hours per kllowatt lnstalled the flgure used
,by Maknljanl and’ Poole, whlch represents a capac1ty flgure of
ll 4 percent.9 Slnce all of the electr1c1ty generated from the
'lblogas plant would be used 1n a llmrttd rural area, thlS |

”capac1ty utlllzatlon represents an upper llmlt. U51ng the above

7-1assumptlons and cost 1nput data, the cost per kllowatt hour of

electr1c1ty w1th bloga used for cooklna would be 6.7 cents and B
w1th no cooklng provrded fron tho blomas,s l cents. Slncepﬂ_
assumptlons favorable to blogas generatlon were used when no”
firm data were avallable, these costs represent lower llmlts

“x°f the costs for blogas based generatlon._ o

v Comparlson of Cost Estlmates

Clearly, bothvof the blogas cost estrmates are 51gn1f1cantly:ff"

jgreater than the 4 6 cents per kllowatt hour cost for the =

vcentrallzed power generatlon system., It should be empha51zed

that 4 6 cents/kwh.represents the upper llmlt for the average

riv1llage and that 5 l cents/kwh represents the lower llmlt for e
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7”power generatlon u51ng the blogas system. Actual dlfferences -
may be con31oerably greater. Based on economlc con51derat10ns

alone, the conclu51on of this analys1s 1s that electr1c1ty

'generatlon using centrallzed power fa0111t1es 1s on average

._more cost advantageous than adoptlng decentrallzed systems

based‘on blogas-generatlon.lo’

In some s1tuat10ns, however, power generatlon frombgobar
gas may be a reasonable alternatlve. In 1solated reglons, the
transmission costs would be hlgher than those estlmated Small
villages;‘or even’ caste or llneage nelghborhoods, mlght use -
biogas as an 1nter1m alternatlve to a central source.t Even 1f N

‘h.only 20 percent ovandla s v1llages faLLvlntOrthese categories, .

- over 100 000 unlts would be 1nstalled

It should be noted that our conclu31on applles only to

the use of blogas as a means of decentrallzed electrlc power

I generatlon.' We have not con51dered the merlts of gobar gas as-

a cleaner more healthful cooklng fuel nor have we examlned the

vpotentlal of the re51due belng a superlor fertlllzer, conSLderatlonsd.:

*'whlch would enhance 1ts appeal. A blogas program may be

'de91rable solely as a»means of produc1ng both cooklng ruel and

ffertlllzer;from cow dung w1th no as oc1ated power generatlon.‘

Potentlal Problems w1th‘a' |
Blogas Power Generatlon Program

: Before ‘biogas: 1s adopted 1n those c1rcumstances where 1t 1s |

"“ deemed de51rable, there are a. number of polltrcal and admlnlstratlve,s'

. problems that need to be resolved at the natlonal level inn5 -v
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addltlon, 1f past enperlence w1th agrlcultural 3551stance,'
communlty development, and cooperatlve credit 1nst1tutlons at

: the v1llage level is any gulde, the v1llagers of Indla are
llkely to find thelr llves deeply affected by the program, and
in turn,.they are llkely to bend blogas 1nstallatlons to thelr

- own purposes and thereby}upend the_calculatlons.of pollcy-makers
Who ignore the.human factor.

The'general'administrative problems likely to be encountered
are those-typicaluof any new program; These include coordlnatlon
of flnance, productlon, dlstrlbutlon, and polltlcal act1v1t1es
together w1th assurlng adequate numbers and competence of staff
to carry forward the assigned tasks.v-Any massive dlffu51on of
technology depends upon the dlssemlnatlon of 1nformat10n,
guidance of productlon and dlstrlbutlon by cooperatlon between
bftechn1c1ans and the service populatlon, and adequate prov1s1on
for malntenance. A successful blogas program nust be based on
a technlcally sound plant Wthh can functlon ‘under a wide range -
-of operatrng condltlons. Muchfresearch needsdto be done on plant
~design»for improved efficiendy;fimproved.winter operating-‘

f performance, use of solar energy to heat the blogas plant, prOper

’utlllzatlon of the sludge output to conserve nutrlents, and

'm.blogas plant operatlons 1n water short reglons. Inltlalvbreaké

2 downs,ln admlnlstratlon,pma;ntenance, or technical components may
’sour villagers on the program, and they and their neighbors-

may become progressively unresponsive.
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T”Thereais"alsoftheVdanger that-new‘hiOgasqunits will be
v;»gmglaced'inlvillagesywhioh.are close'to exiSting roads; townS)‘
“andfﬁowerllines; Thistpattern;may:tend to result’fromfeasegof‘w;
access for constructlon,vmalntenance, and monltorlng. ‘Yétf"'”
‘these are the 51tes where biogas power generatlon offers llttle
or ‘no cost,advantage., Officials w;ll‘have to take spec1al o
stepslto’ensure‘that'decentralized rural electrifieation reaChes
into the more remote areas uhere it will do the most good andr
:does not end up as merely another fac111ty prov1ded to the =
.}-already bullt-up reglons. | |
| Major obstacles to the successful dlssemlnatlon and
utlllzatlon of blogas plants 1n Indlan v1llages are: found at
:?'the v1llage level._ Currently, cow dung is used dlrectly for fuelfy
'rand compost ‘in many Indlan v1llages, and there 1s an ex1st1ng
‘5001a1 cum-economlc structure that prov1des for the collectlon,AA‘
‘hdrylng, and dlstrlbutlon of the dung fuel.- The 1nst1tutlonal
structure is so arranged that, generally, fuel is avallable for el
. the cooklng needs of v1llagers in all castes or’ economlc classes;
and w1thout regard to the dlstrlbutlon of cattle ownershlp.

If a blogasfplant 1s establlshed, then cow dung would not

E ‘belused dlrectly as a fuel but would be "transformed"vlnto _'u
ﬂkanother type of fuel and fertlllzer. One could ant1c1pate that
v many of the types of ten51ons assoc1ated w1th commer01allzatlon
'-:of the v1llage economlc system and w1th the adoptlon of new farmiﬂ

_.technologles would recur. aAsgln'these prevrous¢oases,vthe'new;
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kdeVelopment‘provides7novel opportunitiesnfOr"gain for'somenin;
rthe v1llage and threatens to deprlve others of " exrstlng 1ncome
rlghts.g In turn, these economlc changes w111 1nteract w1th |
h; caste and status relatlonshlps and with the v1llage polltlcal-
Visystem.. At present dung is a nonmarketed commodlty subject to
‘rules and rlghts that govern 1ts sharlng.: AS-w1thvcrops, 1ab0r,2'
"land, and water, dung w1ll become a marketed and prlced 1tem
: subject to dlstrlbutlon through the market system._ It is
reasonable to suppose that the v1llage cattle owners, who are,
attempt to assert latent property rlghts to thelr beasts
‘vdung. Thelr power and status are llkely to enable them to get

4 thelr way. Tne losers w1ll be the poorer famllles whose women‘

wifand chlldren collect dung for cooklng. mhey w1ll have to seek.

E alternatlve sources.of_fuel. vSome may;evenplose‘small ;ncomesﬁv
 from. the’sale’of'dried'dung.v

On the dlstrlbutlon 51de, some equltable and enforceable

“], method must be dev1sed for governlng the flow of gas, electr1c1ty,; .

'and fertlllzer. - Even 1f 1n1tlalrefforts towensure even-handed

-"communlty control and to de31gn an equltable pattern are -

'..sucf ssful (whlch is not llkely),.lt would be surprlslng 1f the

" big men of the v1llage were not able to abort these, place.

'themselves astrlde power and gas llnes, and approprlate more. than
_-thelr share of energy and fertlllzer. |

One may with some confldence predlct a worsenlng of the
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internal distribution of rescurces and incomes inside the village.
- A prereguisite to taking the biogas system into village India
muéﬁvbe the'désign of a set‘of‘lgbally 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 b@~given

to determining‘what effects the new technology will haVe on

villagé‘ihétitutions and how the villagers will respond.
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