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T eC~Y,,:,l,:.g y, T~-'Cl.Y',£.f Et-', and D 1 f f 1.1 S i ,:,n II C,:,)'", f Et-'E?nCe l-,! 1t 1-, ;:. ch cd 1E')'"lg E-

L':' the pcn-.ticipants t,:· pt..·.:,vide the detailed E?CI:'I'I':.mic c:n-,d

its expanded use. He maintains that in spite of extensive

potential applications:

II S IJ t' P t-. i s i YI 9 } y, thE? t- e i 5 a d e d t-' the. f s 1.1 b s t a Y, t 1 ve d C4. t a.:. r,

Th is i =.

applications, but less S0 with domestic 2no communlty level

a p p 1 i cat i c· n s • HOWEver, in the latter two caSE~, most of the

data come from India an~ are derived froM theoreti~al design

figures using the floating cover desi£n with cattle dung as

the feedstocl-:..

viability of biogas under other cirCUMstances, e.Q. using

different designs and feeds in different social an~

envit-'Llnmer,tal milieus, arid ir, vat-'yirlQ at-'eas .:.f c?pplication. II

Stuckey argues that no agreed upon methodology exists for

evaluating the significance of the data:

.1 I n a.d d i t i 0 Yl t 0 a lac k c. f substd.Y'I t i ve d a t a, ex i s tinQ

e C Co n Cortl iceval Ija t ionS IS U f f e t-' f t-' Co rI1 the 1 a c k. 0 f a )'"1 a g 1-'e e d up':' n

Common problem areas include: lack of data on
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of secondary benefits.

be developed which will allow economic data to be compared

Cit~C'_Irt1stances, and eYlables t~igOt~.:'I_IS ee·:·y,c·r.,ic cor"pct~isa:.ns to

be rI12.de bet weeYI bi .:.g as C\ nd c.t het~ t-·enewab 1e enet' gy

ambitious in the world. He claiws that the d:i.sappcainting

performance of many of the Chinese digesters and changes in the

country's agriculture policies have taken the steam out of

biogas developmenet. He estimates that the kotaJ number of

Chi YIE>se di gestet~s has dr-Capped ft~a:,rJ1 7 r"i 11 ia:an t.:. 4 r.,i 11 iC'r'i anc

that gas production in cold climnates falls far short of

expect at i C'YIS. Smil lis~s the following obstacles to the

diffusion of biogas technology, the impact of which has been

vastly underestimated:

"The steady flc.w of at--garlic wastes needed fc.r~ c.:.nt i nu,:.us

high-efficiency operation of biogas digesters is often

~.bsent •

impossible or they cut production during cold months to a

fraction of peak flows making it impossible to rely on the
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;:..b·:,una: the stt~IJCtl-'t~E?S f.'20)' bE' ~.ir'iple b'_It h··:-'I·,·r:l;.":"~·:'IS:-,lP L1ust ......
...·c

approaching the optima of acidities, alkalinities, C/N

D ita II

the adoption of biogas technology.

trees to produce firewooda

Now that they have the opportunity to plant trEES, many

are abandoning their biogas plantsa China has also allowed

Moving intc the monetized economy has changed their view of what

is eCC,nOTIl i ca 1. In Sichuan province, where biogas has enjoyed

its greatest success, many farmers have found It more economical

energy and fertilizer rather than tend a biogas diQEster. This

change of heart illustrates the difficulty of assessing the
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universally applicable.

claimed for its energy contribution. Biog2S has succeeded

admirably in ~2m~ situations, both would agree, but Stuckey

has succeeded, and Smil claiMs t~at its potential is real but

need!::·.

T. K. Moulik, whose studies of biogas installations in India

are among the world's most detailed and sophisticated, agrees

that cost-benefit analysis needs improveMe~t.

spots where the methodology is wEakest:

He pin p c. i nt 5 t il e

relation to the following parameters:

(1) Given the widely vat"yiY"lg decentr-'al i zed c,pet"at irlg

standardized data about the quality and quantity of inputs

aY",d out put s. 5 inc e i tis d iff i cuI t t .:' est i r,1 ate a c CUt"ate 1 y

the supply-response factors in such uncontrolled

deceY",tt"al i zed opet"at ions, the i Ylpl.lt.-out put pat"'arl1etet"'s are
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I.i S.I c< l j y t-l E- r If- ~- i i

of diffet'E'nt designs canrlc,t bE? ea:ily standa-r"dizec.

(3) Pricing of inputs and 6utputs poses SOMe insurmountable

questions of domestic market price and price movement: over

irl t"'elat ion to tt"aded c.rlD n,:,n-tt-·aded inputs a.rld C.utPI-,tS. !t

is a well-known fact that in many parts of the Third World,

major inputs (animal and plant waste) including labour and

obtained at zero prjvate cost. Thus the perceived

opportunity cost of these inputs and outputs for a biogas

adopter may be zero, whIle from the nation's point of view

it could be substantial.

prices" to ()vet"'come this problem brings the cc.nsidet'atiorls

of trade efficiency and distribution, raising many other

critical questions while solving some.

(4) The conf 1 i ct bet weerl pt'" i vat e arid s·:'c i Ci.l pt"..:.. f ita b iIi t Y Ot...

benefits raises some fundamental decision issues.
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Pl'" iced.

The challenge raised by Stuckey, Smil, and Moulik is to

c,:I)",fet"'ence CC'Y"lseYiSUS l~a5 that the fit"'5t step iY". this dil'"'ection

is to pay more attention to the n~nenergy benefits of

p :J b 1 i c hE C<. 1 t h •

pro~uction was viewed - ~
'_I I

digestlon and often the only criterion by which it was

eVC'lluated.

t E'chno }':'9Y.

the way in which energy production is valued and developing

digest i OY"a.

ENERGY

In looking at energy production, two questions were raised

that have r,ot been adequately cor,sidet"'ed iYI the past: Will

of energy used by the rural poor? How does biogas compare to

other alternative energy sources for rural people in developing

cc.unt r i es?
BEST AVAILABLE COpy
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for addjtlonal fuel. Where fuelwood IS in short supply, many

pec.p 1 e h 2. ve a 1 t'aead y had t Co cut bach'. on CC'C,K. i ng.

without lighting, S0 biogas lights will not replace an eXisting

enet"'gy sc,urce. In other words, in many cases biogas will not be

living of the people. This makes bio£as production for poor

does not have the resources to build or operate a household

b i ogas digest et"'. In fact, if those who can afford digesters

r.i eo. n '-' t"' Eo d i t"' e c t 1 Y f.:. t"' C c' ':. K. i n 9 ~~ ill h 2.vel e s s a v 2. i 1 2. b let .:' t h Eo m•

digesters that will enable the poor to take advantage of the

t echYlo logy. At any rate, most existing biogas systems do not

reduce national consumption of conventional fuels nor improve

the standard of living of the poorest people.

Placing a value on the biogas produced is also difficult

because many of the people using biogas are outside the

monetized economy. They now get their energy frOM wood, manure,

or agricultural wastes that they do not pay for. Though enet"'gy

analysts often aSSUME that the hours spent gathet"'ing fuel are
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What

This changes how WE would value

Many participants suggested

IJsirlg "shad,:,w pt"'ices" that t"'eflect the value clf the erlet"gy C,y",

vall_Ie .:,f enet- gy in the 1·:,c2. ~ econclf"y. The assumptions madE in

e, i 1 .

city wage rates and compare the energy value with free

firewood, comparins the economics of digestio~ with

I t fll a k e s fat"' fllO t-· e sense t c. d ':' t hat

than to compare biogas with world oil price~ because rural

people are not buying oil. By and large, they are using wood.

Of course, one has to use a realistic estimate of the cost of

growing, harvesting, and collecting wood. Nco onE at the

conference was prepared to discuss the relativE advantages of

reforestation and biogas promotion although these are the actual

choices facing many countries. One must also take into account

that other energy sources are often subsidized.

BEST AVAIL/!.{]LE COpy
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FERTILIZER

In China, produ~ing fertilizr W?s the primary Motivation ~or

The ChinesE havE a long history of

recycling animal waste to fertilize tne land, and biogas systems

fit pet" f e c t 1 y' wit h t h i~· p t" act ice. ChineSE farmers were also

be valued at the commercial value. This may not be the case

e 1seWhet"E.

so there is no substitution. Others may not use the ~lurry frOM

In some instancES, the

f a to, r!I E to, s rt12. Y act u Eo. 1 1 y be a b 1 Eo t .:. s E 1] the s 1 u t" to, Y a ~. f e t- til i =e t- ,

which gives it very high value as an income producer.

This problem is complicated by the lack of empirical studies

of the effecti~eness of the fertilizer produced by the

Moulik quotes Chinese estimates that production

increases 10 to 15 percent with the use of this fertilizer, but

documentation is scarce .
•

Field unit monitoring is necessary to

accurately measure the value of the fertilizer, and we Must

BEST AVAILABLE COpy
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q U 1 C H. 1 Y, t a kin g wit hit v c< 1 '-' a b 1 E nit t"' 0 9 en. How the sludge is

indicate that work is being done on evaluating the value of

b i 0 gas s 1 IJ r"' t"' y a = f e t"' til i Z E' t-· , to u t t hat r., u c h f,":' t"'Enee d s t ':' b Eo

SANITATION AND HEALTH

the Most difficult tas~.

calculate, but this is almost never the case with a household or

COMMunity system.

the value of waste treatment is therefore difficult to

est i fllat eO' MeasIJt-·i Y"rQ the C-,:'S't. .=.f d i SE'2.SE caused by pat t-IO:lgE'Y"'~

variables to be considered include:

-the significance of the waste in causing disease

-the effectiveness of anaerobic digestion in making the waste

safet"'

-the illness caused by hand 1 i Y"lg t he waste ill oper"'at i ng the

d i gestet"'

-the cost to society of treating waste-related disease

-the loss to society in productivity and quality of life

resulting from sickness

BEST AVA/LADLE COpy
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Once again, we are dealing with a social benefit as much as

app 1 i cat i 01"1. Even within a single country or a single province,

the heaJth and sanitation condjtions, needs, 2nd benefit~ will

va t-· y d t~ a hl a ticall y. Nevet~the 1e!::s, anaet~cebi c digest i ,:,n has beer.

Justified for its waste treatment value alone in the past, and

b i .:.gas syst ems is ·u1"lat t a i 1"lab 1e. Unlike a diesel generator that

will produce a predictable amount of energy at a predictable

The put~pose e'i

the evaluation is to identify the niches where biogas makes the

fJ1C,st sense, the places whet~E anaet~,:,bic digest ion best ful fi lIs

its potential as an integrated technology for producing energy,.
increasing agricultural production, and improving public

health. The production of many outputs depends on the presence

c.f many i 1"lputS.

A sufficient supply of manure is the first

prerequisite for anaerobic digestion. At least three or four

cows, or the equivalent in other animals, are required to feed a

digestet~. Many rural households lack this basic requireMent.
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Solid materials must be mixed with about ten times their

I Y"I rile.. Y'I Y

countries the water supply is the limiting factor.

The disappointing production of digesters in

warm climate 15 necessary for year-round biogas production. In

cold cl irllat:es, aY"1 extel-n2.1 heat sc,,-tt"'ce is t"'equit-"ed and this is

biogas digesters in devE10pin~ c0unt~-ies is that they will bE

a digester or even the materials raises the price beyond the

reach of those most likely to use the technology. The Ch i r,ese

of $400 for a 10-cubic-meter household system. The Taiwanese

are able to build $100 bag digesters with cheap red mud plastic

covers that are only available in that country. Most Indian

digesters include a floatIng metal gas cap that must be

purchased and raises the cost to $1,000 for a household system.

Rnd although cheap to build, the Chinese digesters have had

trouble with cracks that make the digester ineffective.

engineering could help, but German engineer Ludwig Sasse

Bet tel""'

explained at the conference that a crack-proof digester is not

His solution w~s painting the inside with a latex

BEST AVAILABLE COpy
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Vll-t'.lally - , ,
c:".J. J. '.lsed by the

Most lack the s~ills

and materials the ChInese use in building their digesters, a~d

Most lack the knowledge to operate a digester.

Al thc'ugh i nexperlsi ve compat'ed to SOfllE-

of rn ':' s t the p e '=' p 1 Eo i nth E de vel 0 p i Y'I 9 w':. t' 1 d .

the v 2. 1 u e .:. f the i ',-. 1 3 b c' t"' 1 '= S ':' h i 9 h t hat 'i:. i rl1 e == pen t ;1: i n d i Y'I 9 Ce.

H change ir. g.:.,..·et"'rlrllE?i-,t Pi:,} iL}

changed the economics of digesters for many Chinese farmers, and

any fat"'met' t"'isks o'.ltgt-'owing the usefl.llness c,f a digestet-· bEfot"'e

he has reaped the benefits that would repay his initial

1 Y'IV es t ment .

pt.... ,:'s pet.... ous '~Ipet"'at ions. A cc.r.,r"et"'cial dair"'y CIt"' poultt""Y fCl.t"'r., r"ight

be required by law to treat its waste, May be able to sell the

fertilizer, and may be able to substitute biogas for purchased

fuel. In this case, a very promising niche exists.

Different criteria Must be applied to household and

COMMercial digesters. The Chinese found that with their design

there are diseconomies of scale--larger SystEMS cost more per

cubic MEter to build and operate.

find considerable savings with larger systems.

India p~ys More attention to COMMunity systems, which are More

BEST AVAILABLE COPY
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blOQ25 technology.

efficiency. Raising the temperature froM 15 C to 35 C can

t l'~ i pIe the CI U 't put ':' f the digest e l' • Ide~ltifyi~,g t~le p,:.it-,t at

which this becomes econoMlcal is obviously crucial.

In addition to imoroved efficiency, large digesters are

usually More reliable.

With large systeMs~ the help of a design

engineer might als0 be affordable~ and this can Mean longer l]fe

C\Y'.c better- pet-fC't-r.lc.t-,ce.

digestet- have 2.1::Et-nat ive '_lSE'S·.

cook.ing fuel OrO. apply it dit"'ectly tel the lar.d as fet"'til::iet-. If

this Manure is now directed to a digester, perhaps by the

wealthier members of the community who were not using it before~

community a~ a few benefit. Water obviously has Many essential

uses, and people will resent seeing it poured into a digester

when it is urgently needed for irrigation or livestock.

~~~Q_fQ!:_Q!:!:tQ~t2~ The mu1 tip 1 e benf its c·f ar.aet"'o:.b i c

digestic.n accc,uYlt fOt"' the attt-'activeness .:.f the techr.,:,loigy~ but

these various outputs are only valuable if they can be used. A

p':II_,ltt"'Y farm may have no use fOt"' fet"'tilizet"' arid riot be able tel

se 11 it. A d a i t"'Y rl1~Y a 1t'eady be se 11 i ng its- manut'e fot"'

fertilizer and therefore does not have a waste management need.

Some places may have ~ need for fertilizer but doubt the

..
BEST AVAILABLE COpy

-14-

John M
Rectangle

John M
Oval

John M
Rectangle

John M
Rectangle



They would not use the bioQas

and r.1ight nett be able to sell it.

SOCIAL AND INSTITUTIONAL FACTORS

identifYlyq;; apPt~Opt~late Y".iches fc.}~ bi,:'ga~ pla·r,ts, the next step

i st.,:, e}o; a fli i net h esc,cia 1 and instit 1Itic.n a l' C c' n d i t ion s t r, a tat"' e

necessary for successful biogas development.

beE'n achieved. Many biogas advocates ignored or underestimated

the importance of the criteria discussed abOVE. Rathet~ than own

up tel thei"r" technical .:.pt irl1isrl1, they lay al] the blarl1E .:.t';

nontechnical factors.

technical and resource criteria have been Met. At t his t i file,

these pt"'irJ1at-·y ct-·itet"'ia have not beet'l adequately U"(,del-·stc.od .:.}­

applied, so that the optimum niches for biogas development h~ve

not been identlfied. Assuming that a proposed biogas plant

meets the primary criteria, the next step is to look at the

following social and institutional issues.

If biogas is to be substituted

for fuelwood, one must pay attention to who is going to wor~ ~t

BEST AV~.ILABLECOpy
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consldered Male workry

wi 11 nave t ir'lE t,:· tend the di gestel"'? If a community digester is

under consideration, who in the community will have the time to

While most people In

~J21.~·,te~ .:,ne c~.nnc.t 2.::::,'Jrlle that 2,11 21.r"'E nc,t:.

This could mean that the potential health benefjts

_Clt-· if hUfl';"Y'. l-J.:-.ste is us!?d, ..... ­t.. '_I

People must obviously know about biogas

technology before they decide they want to use it, and ~ublic

information prograffis can be conducted through state media

':' u t 1e t 5, a 9 r' i c 1.1 1 t u t"'alex ten5 ion agent s, 1 .:.cal c· f fie i a 1 So, a l""r d

many other channels. Government officials should be expert at

identifying appropriate niches so that they can provide good

adv ice t ':' t he·se wh,:, ar'E consi del'"' i ng the techno logy.

clf

Even m':'l'~e important, however,

Df+b.ro\d
As H: \Jbf""U Capenet"'

"

might be the general education
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5udde~ly. ThlS willingness to take hc.ld of a new technology will

affect not only their willingness to build the digester but also

countrIes where people have a tradition of collecting and using

+- -\. '_I

pat--t iculal--ly when they do not ~ave a r:lodel to follow.

A biogas digester is a large capital inVEstmEnt

Fc~ a poor farmer, and access to capital is not easy.

ESTablishing a new institution to finance biogas is not likely

to be economical or effective. One should look instead for

existing institutions used by the potential users.

lending institutions could extend eligibility to biogas

d i gestet's, Ot"' the govet""y,mel"lt cc.uld pt""c.vide i Ytcent ives te. gertet""al

lending institutions to issue loans for digesters.

As was noted earlier, biogas

dlgesters are not that simple to operate. The.se who ·at""e

only with building the digester but with operating it.

estimC1.tes that il"l 1979 fewet"" thar. half ~Y.d pet'haps only

BEST AVAILABLE copy
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he 1 p, but cet.. t a i r,l yin r,'3ny cases sor,le t echn i ca 1 as s i st anCE

Becal.lst? this

is a new technology, no indigenous expertise exists.

proMotes the use of biogas digesters will also have to provide

systems.

d eve 10 pment . ThlS has become a common cal} In discuss:ons of

is a product or service to sell. Oil companies and the

manufacturers of diesel engines should and· do play an important

role in prOMoting the use of diesel pumps for irrigation.

biogas for the rural poor, however, there is no product or

With

sel'"'vice.

are built by the users. The cost of a c,:,mrl1er··cially f.lan1.tfactut"'ed

biogas digester is much too high. Virtually none of the 4

(I' iII i c,n eh i rlEse bi ogas syst ems wc.ul d ex i st if the fat"'rllet"'s heo.d to

b '.\ Y the f., . Likewise, these poor farMers are not going to buy

MaintenanCE contracts for their homemade digesters.

wc.uld be f.:,c,l ish enc,(\gh to c,ffel'"' them ~

The private sector might playa role with biogas systems for

1 Ct. t" 9 e fat"'m 5, d a i t"' Y and p ::11.11t t"' Y C' pet"' a t i ell'"' s " and f.:, 0 d P t- 0 C e s 5 i n 9

plant s. For theSE apclications, a well-designed system with a
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t~E systerllS wOlJlc still h':-,vE teo be less expEt"ls~ve thar. thcoSE

The t"1c?y c? c- 2\l~r"S s ys tern i \'1 the

be economically feasible in an industriali=ed country with high

L"?ges.

CONCLUSIONS

t.he we.. ==

Based or, t h i =.

"Ultir.,a.tely" decisi.:,ns e,y, the eco\',c'f.,ic fe2sibil ity OT

bi0gas systems Must be made on an individual national basis

~y dEvelop~ng countries in conjunction with the development

of supportive economic policies (subsidies, financial

The high cost and limited precision of

econ0mic analyses of individual site-specific applications

of biogas ~ysteMs indicates that countries should evaluate a

defi ne viable econc'fllic OIJtcc,rlles .•,

assessment, the summary also claims that biogas can meEt up to

This is

BEST AVAILADLE COpy
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intensivE animal feed lots due to economics of scale and smaller

It should

bE Emphasized that assessment methodologies are as important as

Rnd like the

technical data, the best methodologies are likely to be produced

iri the develc.ping countt-ies ther.lselves.

This call for a reassessment of biogas potential shQuld not

be misinterpreted as a sign of failure. The technology should

enet~gy, a pt~Ctducet~ clf fet~tilizet~, and an aid to senitatic.n and
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