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FOREWORD
 

[his oluic llad its origil -i a onference liell it)1978 at the East-

Vest Center that conisiderCd tile short- alid ong-terll energy problems of' 
tie Asia-Pacific region. That group of tational eincrgy jiolicyiiakcrs, 
scieitists, ;i(tl tCCilI0IOgiStS, .greedl hat j)viing aled(utfdC enet'gy for 
tile 'ural areas ofthe de\elo)ing cotIlit I'es loomns lirge as oli oft'lie 

more critical )roblelis ofthlie region. 
Encouraged b' this Co(svlisls, tle l'.ast-Wesl Resource Systems Insti

lute obtained a grant 'loi the .\gellc for lInterniationial Developennt 
for the purpose o illili tillg a collaborative, III th ico\llt Iv 51ud' of"rural 

energy ]roblems. The National Rcseaich Coiuncil of"lhailalld allo the 
,lst-West Center ag ed to work closely tohet lrias twin 1foit iliee 

coordinat ionlof lie efltlt. 
Most persoins who have givenl thoght to the pi)OH'iiS ofsocial ll)(o 

econloiliic d'evelopment of't lie lss-olevClopecd ,otmies agree that spe'ial 
attentioll must be accordedlltie rural areas. InI Chinlaamud inI most cotun
tries of'Sott i and Sout least Asia, t hrec-quartt's of)thC people live in 
Iural areas. Ill aldfitiol to housing the vast Inaaority of ie tIectifpeoplc, 
ruralareais also l;Iho the gieater aIMtoil hntger riofd povrty inl the 
developing world. 

I'he millions of lamdlless rurlal poor more often tfan not lack the
Ilic'Cssair' resoUtlics eit her to grow food orilo biuy it. I iolceod, rural poverty 
is perhaps the greatest single caituse of'huiliger ill the world today. lhe 

It'alpooare coifoll tnled by the cruel chloice oil ullinli where they 
are - th us fcingl. lt tiling hulger aold poverty -or of il'ilat ing to the 
cities, where Ihev might well Ihoce evel gtecilter perils. 

We know that rtural dwellers cati potentially great ly improve t heir lot. 
Food prohict ion cai he inlcreased the dfevelopmeliet of sltial industries 
call lro idlejolbs: small nts omfdelect tricil providcat , importat 

;,llellties such aos light i llll imp 1roved'c()llllmtllli otills with t he 
outside worl. 'lhe aailailit Nof fiels f'r(ookilgaaiof heIng ca be 

imfpro'ved. Such illiprove cllets, however, will require t lie inject ionl of 
increased itulalltitics of eller'gvy into Ithe rolal syslell. 

I low call tIiese increasedf olliallols for'ellcl-' ? Will rul-albestlie Ilelt 

areas, like tile urball ones, beconme iit'easillylv dtfepedenli t ulpli Issil 
flels, which lftr tle Io1(1st part llust he obtained f'roni (liti .litrces? Or 

issufficient etiergyv available through theilitelligelnt developmnlillt anild 
lialiagelieit of inigeniois tiergv sources toI' lie gap?ill 
The ;ilt hors of't his work discu.ss sole of't hese difficult qulest lolls aild 

describe how individual lationlls arl now grappliig wiit h this collplCx 

)roblel. They analyze experiencesand lessons f'roin t leir variou.s 

XV 
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ct.I III rial I erSp)CC~IxCsald Iicc Itla I(dusc iJpli Iles to1I I IIIiqu I ole,If IIiiic (Il it' u 
oflleirgv i ruraltiiioiylod~I~ Lrll~I~ll~lIi dlo i suigget's 
mort' effetive' ways l'Or liiikiiigclergN.velVCopmentfl wilh I)1o-2lails to 

li~iC.5t'agitultiialJrodllyii. Fromi [] loste peraeplio i05 id ('Xj)Ci-
CC(II(C5 t'lctsa new~ st of JIiol-Ilies fl-ie- '~vaiid ItIllal declcopit'cil 
I-cscarchan an1( st ofdIneiigratdit iltiods for sililg!iiinlgrural 

work rc~ceiis howv xiihigt's, rcgioiis. anIltlolls call5 tliveiy orgaize(di 
lo iiit'e I hirn rural eiieigy iiet'ds. 

I iaiiiisoii Briowni adl Saiiiga S.1iiiliasri 



ACKNOWLEDGEMENTS 

Ma|lliW enl and Inell in IIIIIIeioIs Il a"easof tle contiiies 
inv'olved inl tis 1)0k are ii'iiatrs of its cen ral ideas and facls, as we 
hope will Ihe evident I'toil) the voices and isstuCs we report lThe percept ion 
that rural residems' varifed energy situations cotld become a workable 
theme for cooperlt ive research is owed toi a relatively flew, tenacious 
research orgaiiizers. I larrison Brown and Siaga Sabliasri are central 
anong t hese. At a critical point they decided to alot available resources to 
the pireparation otla volmiie that woull bring together the results of the 
first phase of al insight fuil jilte+o<llilt rv project. Others central in lie 
Irojict's initiat ion and comlfet ion are Artono Arisniummandar, Prapat h 
Preminalli, j. (ururmaja, Shahzat !ah,,adu, Ktithrn Silal),paileiig, and 
Kcdar l.al Shurestha. "hesc d,+cisioii itkers' .oniniit'lneit to seek the 
reality of, village residents, energy prohk .tS and potential as a guide to 
policy fimat ion and to design ofteinewallle encigy technologies is t lie 
foundationoftIt his vlfuiie. 

We give particuln ilianks to Kirk R. Smith for suistained support iin 
ile variolis s oflhc projectt, cspccially in his penetrating search fM"iliasc 
clarificaion of ltier-y's ftictions and role ill Society. I I cotirib'uld 
significait ideals and i fbrmatil lit iltittcrable authors' meetings 
nd wls active ill tile reC\iew of'SliceSsi'V drafts to tliify colCiteilt as 

well as c+×p)osit iol1. 

At alt carly point ill conceplt lializiig I h issucs, Bruce Koppel's 
insistence (il awareness oft lie sOCiEil , t fiat SlliSolitxt C accss to energy 
anil itifllunce its teclmical organi/ation was rcw\a'"ling. (;olleagues who 
persisted ill cflIuts to clarifyN these isstcs ;is wC ,inl oirucoaulithors pro
ceeed in the research inclufde lhlal Malniufi, Edilberto Reyes, Vijay 
\'vas, VI'ntin Vidarthi, Raiiashliav Rav, Ttisliar Moulik, Miansur hioda, 
,id Ashok Suilraiinnian, anong nany olhers. Both ititellectual and 
ir'sorll'e,Sii))plrt were given by Normiln Brown ail Robert Ichord at1 
eatly and ctllinuing st iges of t lie work. 

The book's extenil reviewers - Raislih Bliat ia, Mnarilvn I hoskins, 
Mirllhatl I lowes, and .\iira hiolngsll)icl -ilnimeasilurably improved its 
fiinal content aid p)reseiltllil tirioigh their crtiqu ali(li svntieis of 
the r't icw draft. Marcia (;owten, Fred I litzliscn, and Mark Phillips 
also iii( isivelv contributed to the strtict ile of'scveral chapters al this 
finial stage. 

A book of'such wide co)inl)ass, in'olving diverse colunitries and rural 
areas, early showed si gnis of'growig overlong. Cvntihia Shhx; as project 
edito; fiund effctive ways to reodtiuce anditeorgaiizte the miiaterial in 
tWrins ultimatelv satisfv'ing to each autho. She also finind phrasing to 

Xvii 



xviiiAcknowhedgImeg t,
 

capture the styles of the variots writers. Those who have undertaken to 
ecit "Intiatithorworks will join ill our appreciation of the Miagnitude
of this task. More Fundamentall, Cynthia Sliklov perceived the lInimai 
intent and tecInical st ruct tre oft lie research and,therefore, could be
 
coisideied iliessence acoaut hior.
 

Managenent Stll))or to 
 t lie project was provided at various stages by

John Bardach and Robert Randolph; organizational and inflriiiat ion
 
infrastructure by Fredrich Burirau 
 researcher exchange laciitation 
by Mendl 1)junaily and Kajo'i I Iowa;rd biliographic guidMce and 
Stll)ort by Ann Jaco)ls and Victoria Rumenapp: and communtications 
SU)port by IPrap)llsri Inihasulirn and Waii sri Sai saeiia. Karen I lo 
carefully )rOduced lie enltire voltii through tile instrum ilentoa word 
lro)cessor. D)oreen Ic( iiel, Cerameiliraue; l)oroIIv liminii, anljailteSIithI patiently in)ut earlier revisions. SlierYl Bryison cniribulted overall 
ed(itorial gtidance in fiiiah jilill0ioii iiirar ge'Ints.

We ,llprecit ivelyIikiowledge these mariy 1l valiable ailds, while 
retaining respJonsil)ilitv orselves for errors alld failures to t)nnumit'ulcate 
in tile pages Ihat fhlow. 

And, ret urning to oiul perspectives as editors, we gratefully thiak )uir
wives - Mushiti, Roiiola, and.jaiti - and fatiilies fir the inspiration and 
sustained support they )rovided in this coperat ive undertaking. 

M. Nurul Islaii 

Richard Morse 
M. Had i Soesast o 



AUTHORS AND EDITORS 

M. Nurtil Islain is Proftessor of('heinical Engineering and Director, 

Institute of Appropriat TIcllih lgv,langladsh Univer sitx' 

of Enginee-ring aid I''e(lihol gv (1BUET),l)iaka. IeIrvceived his B.Sc. 

Engineeririg (Chenical) degre at BtET and obtained his lh..)at the 
University of Newcastle o' lv\'ie. After ,'onplehting the studies lie reports 
in this volume,he wasa iiietnlier ofthie L.S. Nat ional Acadei' of Sciencs 
painel oil Rienwable E.I'nergv lechInlog\ 1)iflusion in 1)ce\Coping Coun
tries, lie was a Visiling .clhm at the Ilistlitute of, l)celoFiiit Studies and 

the Science Polic Research ['fi, ll iversitv of,Sussex. I lisspecial areas ofit' 

current research intertust are tile (fill oftisiltechnology ill rural areas 

and training for rural energy planiing. 

Richard \Ioise is R ';taclfi Associate, Resoice Systems !iistillete (RSI), 
East-Vest (enter, and coordinates the Eniergy Ifor Rural l)evelopment 
(ERI)) prIject. I le holds the A. B. of )artniiutI Colle-ge aid the M.A. iin 

Econonics (fI la\'ard I 'nicisitv, where Ihe comphlet tle general 

examilnatioll flr the doctorate illEconmics. I 1isresetch, oiiisuhiicx, 

and eitrej l)rcurial acl itlics have ',trcd illSout her :\siAl, c,;ipecially 
in India and Burmna. lie' took part witlhi Sushil Agrawal in tei Uttar 

Pradesh rural energy study cited !herein. Wit I Eugene Staley, lie co

3'/ (Mc( raw-l lillaut hored Aod,'rul SmaelImlu frl ,;'-lu lt (1h tillr' 
he lasibiliit\ report on the Internatoial 

Industrialization Institute (1.S National Acadeni, of Sciences airl 
National Academy of Engineering 1973). 

1965). lit was stud( director fr tI 

M. Hadi Soesast ro iscu rreiit l I lead of th1l)epart menl if Econom ic 

Affairs at the Centre for Strategic and International Studies (CSIS, 

Jakarta, which hejoined ill1971. lie graduated from tie latculty ol 

Aeronautical Engineeving, Rheinish-West feiiscfw l'chniscle i loch

schule in Aachen,\est (Geiiany,in !971 and froIt lie Rand (Graduate 

Institute for POl(ic\ Sciences. Siilta Monica, California i7 lIe was 

)irector olSt udies, .;IS, in conducting lite research lie reports herein. 

He is editor of lie 1983 volumehille l'girr,dn l'mi'lahlalul#('ry(In Equitv). 

Sushil CL Agriwal is Research ( )ficer, Pllanning Research and Action 

Division, Statei Planning Inslillt, 'tiarPradesh. lie obtained ilie M.S. 
in Social Work and Ii.M). in Sociology froin Lucknow 'niivetsitv. le has 

been involved tlfe past 11 years in explorat lion of various ioblens oIt 

rural development. Ile directed the Uttar Pradesh study on energy flow 
Systems illfive rural Communities and wasaa Research Felhow oflthe East

xix 



xx5 Ainh1,s andcthfiiois 

West Ceuiter inla tiIzIg111(I writ Ig tle report (f Ihis st Idy. 1i]research 
cII1TeliI lcels (Iici'solioe((lOio iic aindf orgaiiatin oial l)problems of'
 
renewal)le eergy deveh)lJpiliiit.
 

)c.pak Bajraclharva is Research Fellov, RS I,East-West Centel, and 
cordi Iatcs tIle currichIIII (lCeelol)IIleiIt andt1rai idiig progr;IIn fr 
Part iciptory Rural IiEnerg l)cv,,elo ii., lie o)tainedIhis 1.S. degree iII 
(vii Enigineer(1izig at Lafayti.te (Odllege, Ihe NI.S in lrIvirolliiental E;lgi
iceinI Ig al Slataifrd \ie'rsitv, aid the I1.1). i Scie IIce Polic at Ihe 
tniiirsesit()fSussex. I h.workcd as tItu iremII'ieIIta Ie'ligifee-r iII the 
tiied States ai(I raii ()iitlttit HIal Ip(dlItII, hi)gas du.loptlei)I, al)d 

publlic he.alth training. Ie was a inihder) theI N l)lP reviC.V tlam I) IheRegional lnergy icevelolpnuet Pr(grn;ine ti ;\sia, 1981-86,. and 
Ctsnitalnt, 1.()-I N I) Sminitiao Ruiial ergy Ilaiing, Bejiing,
.Apil, 1983. lli 1983, h received Ile Makatia Awardl:st-West (,nlt.icr for 
(listiigluislied n)i(c (mll btlibtimiis tll uigh basic research oil fOi -fi,I

(olll)et itl and 
 hiirough a.1t ion research il)(0'11litniit organ iatio,
 
ruiral elilug tccll(logics. I is cuireiit r'esearch fis 
 IsoOIliltlttiol,
 
eniergy, amtwm
touk. 

•Sutalpoti~g (lhir;H;.ltan (n is A(t ug l)eal anl, si ice 1982, Associate(l
Prof'ssor, School (ofl,. .rcg,aud Mlatcrials, King Mmliigkut's Inslitui e (F

"eclihiolopg, Baitgkok. ei
ie recei his Ph.). in lIc't crial I';lgiieering
 
horm tihe I livesity (Newcastle, Aust ralia. In 1971 lie joited [lie 
 lactiltv 
of Eingice'rig, lKhouikaet I tlivetsitN. "Bei ,ga regional un iersitl y,lie
 
nIotes, "it]oles at )Otll)ltN tiolearIandul fee(l theW aiiml life of rural
 
)eol)e', lie1't 
 iciFated ill the I.RI) r'esear(lh ill)!.evuIetatioin w kshio:)at (fiiauig Mai, Ilhailand, ill 1980). I iscliiergv r'eu;c(i ilterests include
 

tiioldeling and hl)li;ting, sol;rtenergy, anld enery (otise 
 al ilt. 

Ca-ol.J. Pierce(C ll.r is lJaiiiisg ssteniis l.-Researcher, Ilawaii lIstittte 
of'Tropic.al Agricult tne and II uniian Resources, lhimersit t lawaii, and 
was WomenI ii l)e\-lI()pmeIt Specialist while cotit tihtlltiig t Ihis st ndx. 
She is an AdJuct- Research Associate \with RSI. She ()taind her B.A. ill 
Anlh)lology at Portland Sta i iveisity, tile ..t I ;nd lPh.). iii Anthio

,logyat the leietirsil oftWashingtoli, and tle M.II1. ill ItternationalIlealtlh at the it1t'sit ()I1 lawaii. ' linguist, she has livwd ill rual 
col)nittlii s in ltai, tlie state ()[Washington, Bali, and IKaliiianitan to 
C(nduct eoevelol)itent-orietite.,cologicalrescarch. She is f ow resident 
social scientist wit h the "'ni\ier-sitv ()flawaiiT.R()IS()ilS team ill Stinia
tra working with the A ge cy i) Agricul tural Resea rcli and )evelopmient 
an(l the Center lo Soils Research, Indonesia, t(study and sul)l)ort the 

http:of'Tropic.al
http:Lafayti.te


AuLihors and EdiII1Ts xxi 

in it iatives and adalpti ve adiust mcI s of'transmigrant ind Ioc; tfarmers in 

improving fI1 1n n :;1tgeniiilt and soil tonservatlioll practices in resettle

lciinI areas. 

Eliabeth IM. Foster obtaiIied the B.A. in African and Afro-A icri~aII 
Ilistorv and Econoiics at Stanlord U"niversitv. Site was Stiumter Energy 

Intern with RSI, workingon resource valultim n and time allocation, and 

was intern with the Ultild Nations l)cvelopment lrogramme iin Kenya. 

Site is cilrettly i Maslter's degree cai(1;idittet in Iitcrnitlional Ec nomics, 

1inior in l. rgxy, atl the Fd1 Research Institute, Stanford University. 

Barnr Kilh (Oills, withI a lckgrotiud ill religions and litiiaiiits of 

Asia, tl)taitted thte M.A. in Political Scienct tllihe 'niversitv of Ilawail. 

:\s a Eai-\,est C tell" awandee he"pli illedl ill organi/iing methods 
riete .,,lon t e I) lRpiect. I tis hong-lnl itltlerests arc iii ecology and the 

role of ei'rg- in intteiiatlotal )cane and leveh)luliciil. ,1Ic is ctontinuing 

grdtolialtc ,reseaich Ittle M.lhiil. )rogimiit at t i e london School of, 

I.coluoiiics and Political Scietnce, in ltttntlitiol Relatio is. 

lRa.ii)lihdia (;o\'iluidatrial hotlls tI t B.F ill Indnsi rialr igimtl'ring 

of the 'niweisitN of MIdrats. I14ccondutedt.el itic.ih on rrtial (inctgv sys-

Wills withi the Cent ic 1 1o 1te Applicatot ofS'sice and "'ec hnology ill 

Rurd Areas (ASlRA), Indian Institute o1)Science. lie was a Master's 

student in Agricu li iral aind Resource Economics ti lilt tivcrsity of' 

I lawaii while working wit the ERI)l tc ()tit analses of energy and 

igricult nrc and olholiislchl ftiI (oistlln tint. 

IM. \'iitod Kuiai. a (i i Engintr and ( itv aiad Regional Planner, 

isit fctilty tcunthcr in t li, Deparntment of irhan and Regional Planning, 
School ofi Planning and Architect ute, New )elhi. Ilc obtained Ihis B.Sc. in 

Engineering at Kerala t'niversit and his postgraduate degree in bwn 
and Countrv PIlanning at tile School of Planning and Architect ure. He has 

been PIect niatiager ail r pIiects illconsulling enginecr-tplannie t 

India, N a Indonet'sia it icluditig ,issignincnits witli tie Fordndsia,lu 

ltudationi, World Bank, Daliish internallional )eveh pment Atithotity, 

and B,read t the ,irld. I e was associatcd wilhi Ili etlictr the Stludv 

of l)eveloping Socictics, New )-iiii, in (ite rescarch he rteports ill Chapter b. 

Garv S.Makasiar, (ief' ilanning Services, Ministi ot Etiergy, Philip
plns, directed the rural energy survey reported ill (hapter .. 1le holds 
an A.B. iii Matlicnttits, tile NI.A. in Eonmics, the M.B.A. and the 

NI.A. In 1973 lie oiincd tlie Office of'the President as Assistant Director 

http:condutedt.el


xcii Authis and Editors 

in the Policy Analysis and Resear It Office. Since 1976 he has concen
t'ated ol energy policy studies. These inIcI lude [he Ir 'st consiltictioI of'ile series dta on energy list-, tlirotigh nat ioiwid(e sectoial stirveys, ai( 
a comprehensive I(-Neat- energy prog-ain stralegy folr lie cotllN rv. 

Jatita Raiiakrisihiia obained lie], B.A. in Elv-irolieltial Simiules and 
M.A. in Geography at the University of i lawaii. She has been leaching 
Assistant in the Depatmnent of(;cogr;i)li andI (;idnalie Assistn and
 
Research Intern in the Energy Program 
 of RSI. She wrote the
 
annotated bibliography oi ,allcrolic digestion as a1component oi"
 
the computerized F-1RI) ifci't iic, collect ion. 
 Presentl y (aeographV
Ph.D. cMdidate in Rest U -tre aIlinagenint , her research field is the
 
environielntal aspects of ciwrp usc.
 

Michael T. Snterre is presntl working in i lie capacityv of ResidentMatiager ofl shrtimp aqtacciuh nre conipanv in S";-i I aiik'i As Researcl, 
Fellow witi RSI f-om 1978-1982, lie developed in collab)oration with 
Kirk R. Smith the FIRE ([tie!-liiked liergx Rcsottrces and lI tsks)
methodology for evaltiatiIig and compa.iiig small-scale renewahle eiiergy
teclhologies. lie holds the B.S. in ldhlcttln of' Massaclsetts State 
C(ollcge ItFlitchbt-g, nijoi-ing in Biology, and the M.S. in )ceanitograplhy
of the Lniversity of Hawaii. As Research Associate with the Ifawaii 
Institute of Marine Biology and the Hawaii Nat iual l'iieigv Instilute 
lie designed anid conducted expei-Iients on the eitxiroiiieiiialphysiology and a( 1 aitinc tvf fish aiid algae, among othier iatrine 

research activities. 

Charles C. Schlegel was a Peace Corps \olnnteer in Sa alh, Malaysia, 
in 1965--66. He majored in International Aftai-s at the 'niversity of 
Colorado and ol)tained the Ph.I). in l)eelopiient Sociology at Cornell 
University. A Research Fellow %itIi the Food Systems and Energy Systems 
programs of RSI from I1; '7- 1982, lie is now Project Officer for Re
search, Evaluation, and Monitoring with e United Nations Clildrens 
Fund (UN ICE F) in Indonesia. 

Rick Vim )en Beldt is Research Associate, IHawaii Nat ural Energy 
Institute. He obtained the B.S. iii Forestry at MI ichigan State t'niversity 
and ile M.S. and Ph.). degrees in Agromnix ,and .ii<,i!- e at tle 
University of Hawaii. lIe was a Peace (orps voltiieer in the lhilippines,
working in village agroltresary projects it several pat's of the count-y, 
and was Project Officer and Forestry Consultant with the )evelopment 
Academy of'the Philippines. I le now coorldiiiates ;1progratm of intlerna



A..ih ,111 ( Editorsand xxiii 

tional exierimental research and field trials on fast-growing trce species 
and is Executive Secretary, Nitrogen-lixing Free Association. 

Martin %Vulti!is (onsultan il Energy )evelopment and Renewable 
Energy 'liclhologies. lie reccived the Bachelor of *MechiajcalEngineer
ing degree from Pratt iv,;tit ute and the Master of Regional Planning from 
Cornell University, where he specialized in energy policy planning. I Ie 
has Meen a staff inmhm of the Massachlsetts Instit i of'l'echinology 
Energy lahoratory FOr a val; he lived in West Sumat ra teaching village 
energy pjlaing ani doing research oil hoiseholi and agricultnral 
energy, prior to working as a Research Fellow with RSI. Ile recently 
comm)lcted an eiiergv flanning st udy in two countries of A rica. 



NUMERICAL CONVERSIONS 

Riiil reideiS fi(I0111((11O)tlin cneypg 11111 SO)II.(.Cs - IIle Stin, fiiclwood, 
lhriii 1CsI!"eIs, fossil fuels, Wucilic JYlIms -aiiil amc iues ofVauiis 
lechlI(iioogics to 11-aliisfoiii ICien V ini111)(tics 01 (aI;i-c1ssiiiclIn teli tatsk 
atI banl -heacitinig, figl tg. Illecl~inill work, coo(ling. \[fit) roiralenergy 

soures 111( bolsa~re in] IlstalidltIdilcl l, I'llc lhrare widle %.If it-

Ii')It!; ill thle efficienicies widh which IeC\ 
 ot-'HVCt(A 10 oISelIti work. A 

t~ol (Iultge lic 110ilttt1 1 toI ntoTakcld lesa chCI.S, Iflt1(fol-C, is to 
.1l I-iVc at Iecliabllealld0 coiipatiathlt est iulaics ()oll ai~lclil pg p)(lttctl, 

co~stlltjtioa, ldtcite Ithi 
inl Whnih Ihe otFigillttI (1;1111Merec (ictcdof~ tI 

ise s. In lti )k cactii uti wsiaies llic tinls 
tIle fitlltetricIl \;Itiit used 

Ii0 C(11VCHl I hest. (11111to ttlotics 01 -j4olllcs (j),Ilic standardil( intIUIrtiai 01111 
c'telgy tilt. l 1cadiIlC YfIttCe tile I)Iiiilltl CHIgv' tilitS, COM~CISiollt 

a~co~ iatiuils tistli if) thle lbm)kar ied1111ll)It5r IIW 

lou'ri. ( iiic (d, fhuv Od~liclp)

j ind - 0.239~ (I hics 
 W \\;lt --. /Sccenld

ca! c loi (Iaisce\ I grill (A k\%' kilmvauti = 1.3-1 ltosepmwer 

kcal (fnu lic~i) - 1,(00) cal Ili) = Iorsc(e r ---7-16 WA 
kWh = kilmvati-ftoiu = 3.6; X I 01j 3.3,000 f- /iutt 

k k ilN It) M iuuega = 10 = giga = 101' 
I (ra I0'W P peta 10 

http:SO)II.(.Cs


1 
Energy for Rural Development: 
Principals, Issues, and Methods 

Richard Morse, M. I ladi Soe.iast ro, and Charles Schlegel 

INTRODUCTION 

This book, co,,tth, rCd by persons inseven Asian countries in coopera
tion with the East-West Center, reports methods and results of a cross
section of policy, technology, alId development research linking energy 
alid rural development issues. 1l'heaim oft lie book is to distill experiences 
and lessons fironi these studies, forming a tiew agenda of research and 
methods designed to st rengthien the ability of rural people to identify 
atid organ i/.e eticig' resorIces atid technologies to meet their own 
de\elolpment needs. 

Focusing initially on energy needed to meet basic foodit:and mtltrition 
requirements, the book also develops approaches for assessing eaergy 
requ(iremetlwms to increase agricult iral OldtctivitN and to smipport other1 

(l))oyment-getiertiting activities ill rurcal areas. Individual 
chapters presetw amd assess methods used in stutdying those and related 
l)oiicy issues. A new set oi priorities for energy and rural developmlent 
research is ient i lied f'rom this experience, atid am integrated set of 
methods building oii rural people's own knowledge :nd mot ivations 
is suggested to address tliese priority i,,sties. 

income- mid e( 

Policy Concerns 

In many Asian nations, rising policy concern fir increasing (bod 
productio anid meeting tile baiic needs of mhost of tlie people shifted 
emphasis in the mid-1970s to incorporate concern [or energy constraints 
as well. Two issues linking nonrenewable and renewable energy resources 
took on ne imnw nMc.Sudde:ily. tlie world and t he region eered ai io t 

period of risinlg prices and umistable supplies of petroleun-bsed fuels, 
with uncertaities also allectiig f rtilizer a d pesticides. Fossil fuel 
uncertainties threatened also to accelente the more gradual but itever

theless widesptead environmental depletion associated partly with rural 
people's heav\v reliance on firewood and agricuilt ural residues for cooking 
ftiel. More costly, interrupted supplies of'<erosene and diesel oil, it was 
beiieved, could lead to a reverse substitut ion ti end of biomass for fossil 
fuels, increasing environmental dtamage. 



I 
Pe'rsons resFo,<sible for priority allocation of iathonal lesotllrcs started 

Itheirhll-lligaltei ion at this t ilWL to determititig rurtl etiergy needs. 
Tlheir ratioinale wvas twolOld. Most Feople it (chveoFping ecoiomIies live ill 
rural areas. And energy iscritiRal ItoagrictlttIl F)rIodtictioIwhile at the 
same tite it greatly in flItilices Ile quality of rIril life. According,; policies
for rural energy develolpiien two main objectives: (I)st imuilation of 
agrictultural FrodLictivity aied od piroluctioii: and (2) iiral developilleiit 
of fatrrn- and forcst-based energy resotrces that call help impove tle 
oiiality oflife aid al)o preserver tile local atd regio in;l clnviroliilcit ald
 
reduLce dCl)idueiio oi fossil fcls.
 

Po licymakers, planlers, and invcstors s<ol becam. aarte oftseriots 
infotrmation gapsI (.I issucs. Mi;silig m-crc bIasic dalta for definingcertain 
rtiral eiergy problems mid lfor (lesigiiig poliKics al IIogramls to meel 
those problems in accord with national developiri)(-]t goals. I fagrictilt Iraf 
prodtltic'ity aiod rtral developmeire to be st jirtilated Ihr1otigh energy
in puts, detailele infornmtiot oil eierg rise patints and oi cliClgV flows 
is needle. I fagricnhurc is to coitrilnite resollcs lft cooking anId other 
hoorseiolf iieeds alnd lrt lher ecorlollli Seclo's tIrroiligh l)i>cmversion,
 
specific iilfrinatioii is ineeded to evaltiale iltrnircati%. tcchin(ologics, thei-

Nlability and acceptability. ;ai1 t heir eiiviiiriilt1Clil ilImpacts.
 

A New Research Community 

(onscqucit lv, govcrti icnts, sciencc ,clcdeni es, tech iology ilistit ites,
 
tliiversilies, id l ilteirnalionial developiliei! agencies have spotisored a
 
'ariety of energy for rural de'elopinerit reseaci activities within the past
decade. Researchers in diverse fields - eligilleers, agric tilt t rall scientists, 
econoiiiists, ant hropologists, systems anllysts - Iive trolighl their 
specialized skills aid cmicepts to this new realm ofilljriiry. A sizaleInew
literattirc has emerged, wit l iiim items in imstmida-ifdl/el hrn. 

This book helps coiriect these poli(y arid research concerls. lhe 
book's roots are it an interdiscipliu.iar prograh iinvtrlviig inot h sitve 
atld action rese-clh. The program ,ligagesrescarchers liotloly iII Asiati 
tiliiversities ald technology institutes bl also iii goveriiiiCii policy, 
planuiig, and imllplccIeitiat ion itgeiicies ill cooperat ion with East-West 
CcxAter researchers. From tile interclotiirv exl)crieice, \w.cident if'thii( 
principal initerest groups involved, exaiie tihe issucs, anid hring toget her
evidence h-oii treview of'st idies to help clarif' tlie isstes and contrihnte 
to improved Iiiet liods for ongoing research. 

Our Audience 

Researchers and research sponsors are tie book's primary andieice. 
Ift he findings of research are to be in terms tiseft tI for pol icy and act iou, 
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those conducting the research must be aware of'the positions and per
spectives o'the decision makers concerned. Researchers and research 
users the e ore need close interaction. Yet findings that connlct the 
interests of'diflerent users must also be discovered. II tbis book we not 

only seek to define standards of ,esearch sCol)e and relevance for particti
lar problems; we also try to help decisioi makers mnid researchers reach 
some common ground on procedures and lctlhods for developiig 

pertinenla for evolving reliable solutlions.dta ntiold 
"Thebook, hel, iirks ;aransi ioll. We hope it will conmribute to ;inew 

research agenlalilemphasiili g result-oriented eiergy aid rural develop/ 

menlt met hods. I)riiig lessolis froll expelrieices rciewed here, iletih
tIS i t0r0lifs geilgllda I)Oiic tile mceds alld orgalliiingncw wotiOld he l)[1it 
skills ofrural people, who l)roodtIce ail use einergy il thcir ldaily lives. 

'lh goal is a1Ilew sylthesis of, rl'Ur1al id itional develol)iielnt policies, 

fW(sterill socially id etnvirolinenally al)prol)riate develop)ineiit of 

rural ellergy systems. 

WHO ARE THE PRINCIPALS? 

Decision imaker's in nltnv difffen t settings sponsor work by this new 
research coiuliltiity and are users of its findings. The most lillierlolls 
potentia! users, of coUrse, anc ruirai residents t hemselves. They cii use, 
anid often1 request, eilvirolnnlelit-sp)ecific infirinaltiolln necessalV for 

a)propriate local decisions oilchanging energy sources and technolo
gies for a wide variety ol'tasks in in(lividual homes and enterprises, 
notably fin aglicult lre andI cooking. 

Village Decision Makers 

Prior to choice ofttechnology is of'coiirse the clarification of needs. 
Expression by rural citizens oftheir owll felt needs, as i basis ftr probing 

into specific reouirineilts, is exemplified by this d ialogie at inearlN 
stage in ihe action research re)orted by l)eepak Baijracharya in Chaplter 7: 

Ist malln: "W;e should get eit her elct ricity or water" 

2i)Il ian: 	 "What we need is mainly water fhr the 
winter to pilanl wheat, cultivate potatoes, 

caulif'lowei, and so fIrt I." 

1)eepak: 	 "Yes, I see..." 

Ist man: "Water is really what we need." 

21d mal: 	 "Well, whalt do our dallghters aild
 
daughters-in-law want to ask lbr?"
 



A! 

4 r (C/o Aelo.nft~ lo KA(ItIIU i) tlweljnt kat'e\/, (D).Balla(Iharva) 

Dc j k (i un ii tig to 

I si "iii~i:AllFigil. I low aI)4iii I liecJdlevlv, cXIpvri

(1 iced hIIa I lis. 
2nd( wmiumi "Whoi (N(1 wanti w ask n9\,)i 

ulmi 

3rd(Inanl: 

Ist ilal: loo)(ks likc iIu(- waii tn speak nmm." 

"II I can speak fom-nivi aiid \miillunvei
ience, I widi ask foi Ili(-miill." 

Ist mnan: -Ycs. I I ilnk We IIeeil A Miiill whiCh ha;s atH nI 
cXp~elermiii a iidl In!Illai/, iiiileo, 
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Deepak: 	 "What do you say?" 

Ist wolman: 	 "Yes. To improve tile 'ttUI'of tior cliildren, 

we need the mill." 

1)eepak: 	 "I don't understand. I low is it that the 
children's fIut are isgoing to be inproved?" 

I st wolan: 	 " Presently, lie nilling and grinding take a 
lot oft itne. We cani' always i anage every
l in oil ine. ()lnce we have tlie mill we can 
cook early, feed the children, and send 
thell to school" 

I)eepak: 	 " I see. I low doto you spend in inilling 

and griiiligh? 
I sl Ma1: 	 "Ift lie l)elOll is quick, she ges ti)Ias soon 

a:; the cock crows the 'ist tine, and she 
starts uihiisking t e grain ..... 

2nd woman: 	 ". . . al least until 8:00 or 9:00 o'clock." 

2nd man: 	 "Yoi c:m liaginie. I low can slie tianage to 
cook at 8:) oclock and send tlie children 

to sclwi l oin i incl ?" 

- (Chiorkllte, Nepal, February 1982. 
(1)cepak Bajrichiarva and (handra Gurting 198-t) 

The felt need ofChorkate residlts to iitduce woineii's oirtidgey aiid 
free their time for more valued lises drove subseqiueinit discussion to 
underlying needs: for daplatio ,indillnovation in existling social 
inst itituions and fbr a new qi iality ofenergy tech nolog to nicet the direct 
needs. The facilitalor's role broutli new perspectives connecting these 
underi-ling needs withlit' potenial of'biogas technology and of'new 
organizatioial forills. 

Womiueni and iiei reached a coinseiiSts, in tile (horkate dialogue, oln 
prioriiy of 1od processing over fbod product ion. It was not entirely a 
dichotoin, since increasecd oil viel( was an expected benefit f'roin the 
expeller. Coi plenen ta cily or choice between ithe fbOod piroduction sector 
and the food prepaiat ion aind cooking sector are 'requent issues ili such 
village energy decisloils: 

"When lit village assenblv was First asked to make its choice of trees 
to be planted, tile men in iimediiatelv answered: 'Fruit trees' ]Fortli
nately, the women of'C iainoli were braver than those of 'Etawah and 
argied that these trucs will not get thein anytin '[he ien willlg. 
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take the ffl'i s and sell t hem by t lie r)alside. 'Ihe cash will go to buy
li(qlor alld tol)acco. No, we Wat1 fuel and fiddlr trees, they argued." 
(/Anil Agarwal 1982) 

I the Chorkate meeting, women )ecame in'olved )ecause their 
husbands fiist s)oke for them. In Cliamoli, the women, as clief' fuel 
gat ierers, spoke for t himsel yes. "Finally, bot hiy'leSoiftrees were lplalle(l.
Ai observer niotes that otherwise (lie men were begini lg to lose interest 
in tle very l)r)cee(l ings of't heu c)deveh)l)miet (-ailips" (Agarwal 1982). 

The sign ificalce Offt hes village (IcCisiOti sessions can lbe generalized
by slating that the Inot ivatiolis, iicCIs, alv constraints of riral people

Constitute the foun(ationlof rural cuanlge aildC 
 dcvelOl)lilnt ,aidset
 
the context wi"
olefining rural ceergy issues. S11i.1l- ald ilediuni-scale 
aruers, imarginal and suibsistece ltriliet's, laudless fauiilies, large-scale

f'l 'lllels,agin)-pi essors, tradeis, artlls;llls, tilch.s, ;llio ('ullliililitV
 
leaders-all may see these issues soitewhat uiffe'reiit lv. li 
 fillati<on 
provided by these inidividluals durinig survey interviews or act ion researchand tasks (hIle >r deciiis iade durilig plarticipant obset'Vtioii 
Comprise 111itlipoi'taiit i'Cstioce base ofthis volume. 

District Administrators, Planners, and Specialists 

Village oflicials and councils - elected, ap)o)<intecd, or hereditary 
connect the village or cluster of 'villages with tlie wider political and 
g(vermental framework. Oil the scale Ofairural market area Ot adminis
trati'e unit, dcvelopimnt lap ners as weil as extension agents and sector 
specialists (who often serve as advisers to fairim fiamily' decision nakers) ail epriiiary clients 1ir research findings. What inl1rmatiom (o these local 
planlnler's aid experts require?

Needs tui' local i)latming data were specified in a (liscussioii in Not h 
iidia in early 1982 to plan use oflcentral govermnment funds (oin the order 

of'$135,000) allotted ii' an energy planning aid dcliolnst rat ion pro)'ject
in some 300 villages. The Indian Adiiiinistrativ'e Service Officer respOnsi
ble for (list rict develolp)int coiiveiied the meeting, involving tlie district 
economics and startist is officer: specialists ill agricult ui'C, livestock, and 
forestry; and a folk education specialist. After reviewitg results of. rapid 
survey of'eiergy cotnstimptioln ill sample villages, they v'oiced questions 
such as tollows: 

How should we proceed from the sample survey to qtantitative

estimates ofgaps between energy demand aiid sul))ly, by soulrce?
 



Grindigand sifting maii:,', Chi/i liqw/. Nepal./(I Ba1iacarva) 

adpcdl mcIl thC'lC ifWhat Strategies ShotuIld1 Ihju 

RccogntIg tht ci h i- ( CICFt.~% I Ill-S(I( ( 11-tIf w ol 1)ivca? ill 

Sill tlt Sa ll.! )Ill l ill( V iS t)t I licsc litll II l it.Ilx t oi ttCi 

\Cars,(ICIIIcIcpfc.Isibihit kXIIcsahldt C~~(bc asscsICtS~tCtt ll-t(Itild 

Iil( j1l.III il S sIlls itii il,oui -ca pC~ttVI(ofi rs i lictltSroal t 
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eiergy canie into tlus a': tihe linitig ftcitor o new irrigation fotr fod 
productiol and huminai energy in its imleiitial for more productive resource use. Il eflect, energy served the group as al intlegrlling diiension 
or locl dlvelopinil klhllitng. 

National Decision Makers 

Beisides tile village anl develolmeit dist ric, altentioll to Cle.irgy

extends out through a host of policy, technology, ald act ion agencies -
public and private. Nationall, these incliele minisiries of finance, plain
ifling, )et ioleium and power. Ceiergy, science alld tc(chnolog, gricuilt ure,
forestrNy, alld ilial developlnenil. lhese agencies pose cointrastlng issues 
()r datil developlmntl and allalYsis. l)Cisio l Inmakers "itn ditlrenl chairs" 
seet(he choices firoi t ihen owi posit ioin. 

Planner in eerlicgy iniistry: 

"Whatfive-year targets hlve otsetlfor Ihesc new Itechilologies?
We must kiiw tliis to justify oram.l)t")gtn. 

Eiiergy research and developmtlit director: 
"ICall't tllrget. lle technologies rielslill in development atid have 
not goleItlillolglh slfficielit feld trials ld demtllost rat lolls to serve 
as i basis for xtelisilt." 

Two years later tIe ieseaich and developmnit (lireclorhad assumed i 
posiuion Wit Iha a1iijor internal iliial detcloit i aillatik. Ilicnew dialogue: 

Elnergv i inistr plainr: 

"We are prlt itthiga ilal)nI il five-year energy sector loan ftor 
resei;:icl, dleela1 -l,iit ani delillstration." 

Ievelopieiit link official: 

"Whlt is your l)alI(k ileriol?'' 
((;a ry Makasia; p'rs. coii., 1982) 

Field Irials were still just as uncertain, but the decision-perspective of the 
diirector had chalnged. 
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Scientists and Technol -Y Developers 

alilysts inindustrial colnIan ies, fuel 
resear:ch and (IeveloJnlei Ist ites, forest 1)1(wlttls insll 

Engimers,scientists, aid sy tseS 

it ittltiS, water 

resource hoards, tind technical uni'versities atn( polytechnics need data 

()it ot iiproving exist iigireSolirce, deltnatnd,adi(l design deterliinats 

energy technologies and dleNelojing new Itchiologies. Eault otlt iese 

groups )riintgs ipri icular knowledge, interests, and judgintenlts to )ear in 

assessing energy ileedls and potent ial. Net each lacks relevant information, 

lechltniques, and lpersp)ective's held by other rofessiotials. 

Moro\'t; the form alnl Iprcisrotu olneeded iliforn.mitiol difter shiarply 

atnotg speciai1/ed lsers lavarious ip)ints ill tile p)oliy atnd lechnology 

system. en though fiiallacies oftlhe hoilnog(.1ieoius riral grotil), the 

iolliogetitotus d(evelc:)nlelt I)riojed, atoli le llotiiogeleotls inalyical 

lwto(edluit" :1te itow widely recogniz/ed, the (lea)Iirt ietllal s toucllre of' 

hilteplolicSy mst(lii an assteliliblytiakes difticult ofilll ilation that would 

lerniillhifirtelital Iesjiotses tf)local ttergv ntiedls. Itirnitliti usel's In 

tle energy fit rural de\eloplnent ('otitiillnit, ate nearly is(tiverse as the 

widely var'Xvitg ecological and social settings where the priliatx actors-

Ilie rurai lw)ollt - atl work.li\'e 


OBJECTIVES AND ISSUES 

Rural energy data ('ollc-t ion tiecessarily requires a clear stlaeunent of 

[he 1)l0icy olbjc('ti\cs to he aiddressed!alnd tilteissues to be analyeL. 'h'lese 

(Cntldition tile data r(!(uitedl iul lithemethodology to be used (Charles 

Schtlegel and ltns [airraint 1980). Understanding Ithl, we have reviewed 

recent stl(lies and tnetlhodologv ailmt'S to ohserve how SlI)ecilic policy 
(ut'st ions hMave guided sel't ioi HndttI iletlhmds (seedesign of reseair:hi 

Appendix I). iThus the hook is a learning tool strmtcluieI'd arouil various 

research lito ijeuts spotnsored by ditlfrent users. S.v\erIl of these St tudies 

have had narrowly defined oicectives. Others have hiall tilnl il)lc aitis atid 

scope. Many have been exlliraIrTVy alld eclectic. Notinig this liversity, we 

identify'il Alpendix 2the 1)incilli categories of research olijecties that 

lhave miotivatedf rectt st ulies. We svsteniatuie below their centlril objec

Ii\es artd issues. 

Ihe lritw iipal objectives of rural energy researih cai be defitned [tfmii 

either a local (areai-specific) o natiotnl j)ositiotn: froil llicro or lnacro 

l)ersp)ectiv\es. Even tlrmigh their viewloinlts illa contractt as well as 

intersect each othr, in tiis hook we intend to show how research from 
these dillfrent starting points catn be broughit together cotipatibly to 

meet rural and national (le\elolitnetit goals. 
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Local Assessment and Organization of Energy Systems to Meet Rural
 
Development Needs
 

Attainment hy the great majorhy of rural people of Iinininn condi
tions of well-being clearly will require significant increases and changes 
in their access to energy. Energy will he needei in stlitable fins and 
amounts - and at Ilie right place and time - to increasc agricult oral and 
rural industry prolitet ion, to protess and cook more aldeqtate food, for 
millions of families, and to provide clean wate, sanitatioln, lighting and 
hreat. The conmultulit N-antd(c ' tieIt-sl-,ific nat tre oft hese needs 
isa principall d(ltelrIniliaot(I tscalch mct ihods t, their filfillinent. 

Assessment of User Needs, Probi is, and Priorities. Cotiprehensive 
undelrsanding vfencrg potlential in Ihe context of' rotl (cmnlillNit 
needs r'e(1nir's (dta~oil 50plVlyenilnd lill~nttcs of]lcally' ,ivailile 
etierg.,' tsoiltmcs. Iinlovatili111 Iliritli new enetrgy lotlis llil techinol

gies requires st u' uotiiieis iti )iogais teclniolticors. rodont ion of 
ogy, for examliple, rt(lies dala (Ii tliet Irittues of specific locations 

i!ntotruiit. 

inltile lieiglibolt'ltool paiternls, fainilv .slit, in(Itd whcr socioccott,(linii 

taiclors: <lxaila)le illtcrioils Io( (IonstimIioii; :1\aiillit\ ofl riaw InaltriaIls 
to,k-',e, lt llles;Ilopogra~

(ltining pimalrielters tim(ligvster (fesiitni ( S lhiat'lil)iltes 

Ililthle dig.ctsltr: sca;soiial anld ;liihielil It'lli 


pilt,laindl tiril., anid Ilind ;iI\'ai~ilii\ i n (I%\.ltcrl.ba ;l(nd Sublsolil 

slrl'ltlv¢s.
 
Ile inosw ilipmailnit infrtrllionitI) bc devetlopCd is ill relaltion to 

people's tlt neNts. tlhe !i teds of ollc often are not expressed (fie 
to lack of intbrinat ion, suppressed desirs, oi-lack of pirchiasilig p)wer. 
lnformation collected will ha\ve to inclu(e exisling and projected needs 
for a leter life.'he cilt ural aidilt [ithroologicil bases of certain traits 
and ('haracteristics aiso iostl be detcrntiiine( to design ,isuitable lechiol
ogy tor actual rural conliions. 

Innovation and Development of Renewable Energy Technologies. 
II this conllxt, scientists an(d tecltiniotgists seek tol isovct; ctrete,amt d 
adapt alteriat i\'techinlodgies iase oil irnewable resliile to renieio 
enet ' cotnslriiits oil develoi)nient. Reseairlh (otOeit rales (n orgaila
tional and technical l)triet'rs it lie&intventt ioni,testing, delinonstrat ion, 
a(aptation, and adolption of new teclitnologies. Underslanding the ili
llichit as well as explicit policy eiviroimleit for the nurt oring aild exteli
sion of locally ippropriate cnerg 'technologies is airelated ('locerin. 

Creation ofeffectivc organiiat ioniiil,financial, marketing, elucat iotial, 
and maintlenalice svslelns to proniote tile spread of'siitalile technologies 



P'V ilipals. Issues. and .Mc thods I I 

connects research and develol)ment act ivit ies to the meet ilig of local 
needs. 

Reversing Envirvnmental Depletion Associated with Deforestation 
and Other Biomass Removal. Alt bough t he specific relationship be
tween traditional fuel use Ani deftestaltiou and bloliass deplet ion diflfers 
greatly fron place to place, e\videlnce of cn\ivironnent al daniage ill Illly 

ecosystems, ill Some ilnstances with perceivMd low list ream effects, has 
resulted in wi,!e concern tor inapp)ing ald assessilg tile se verity ol this 
trend. Besides tile imtri lsic diffictilty kfjlilti fxing l)erwasie but often 
slow environnnetal change, causes oft lic problemii art conijlex and 
intelwovel. 'hese illchide coilllt ioll betweell food anid fle Ileeds fol 
scarce LdI ld lSCd by ildustryresources andhetCi iwoo(l l-basci feilCs 
(especially cottage alll small indflist'ies crutcial to ru1ral epllioyleInlit) 
conIl)arC( to alol(ldel)tcli i)V logging foi tiil)Ciar nd pulp. Burfling 
ofIlllnlllnil and vegCaive waSCS ill soilI ,areas evI mO'eCall have a 
iniipercel)tibic Cnv'iron 1CIItal Iipact, o a crisis polint whco tile organic 
IiLIIS Content"I of soils is reduced to a noniproduct ivC, ilif:rtile two or 
three percent. 'he milotivatiig factor in this (linlellsioli ofteiergy fbr 
rural edelol)Inllt research is the iced to grasp tlese treildS alid 
(lc\ise efkcctiv'e aflolestat ill and other )r-oglllS 1o)reVer'se tlemii. 

Articulating National and Regional with Local Development Policies 

Accent on policies eieirgimig frol local settings is iml)lied in this set of 
research objectives. l)iverse rural coi ilimn V ellergy imeeds aiid resotirces 
imust be kmiowi and appreciated as a basis fbir t)rlnulat iug regional amd 
natiolal (levelol)llent policies. National emiergV 1)olicy research agendals 
have been rnoti\ated byr lhree primici]pal concernis. 

Reducing Reliance on Petroleum-Based Energy. ihe 1970s' oil price 
shocks and shortages had varying impacts on L1ru1 iln j)lIts and out puts 
anidillal consilipt ion )aterlis that vc\CrbCrItCd througlihoit tile 
IcoCniN. l)iesel oil fi irrigat ion pUltips, ot her stat iorary emiginies, aid 
tracto s a d traiis)ort; kerosene IOr liglitiig anid, ill relatively well-to-do 
liotuseholds, for cooikitig; gasoliie; adm l)trIoleimil-lbasd 1ertilizers are 
inl)its required ill (liffercilt )rolmtlions and at diflreit periods of the 
Vear aiiiong rural regions. Compxarat ive encrgy stpl)lY opt ims, eiiergy use 
Mixes, and [iture energy demiand potentials are issues arisimg froii these 
imipacts. II seekiiig ways to mitigate t liese im)acts ;imIlilicertailities, 

policyntiikcrs fLce issues such is slilits ill tie rela i t stpplyi' 'strtcttre 
of fossil ald renielwable filels: coIlij)l itioll f6i CiiergV iesotirces (e.g., 
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ing, transport, and rural industry at village (local), regional, or national 
scale is also required. For a more detailed analysis involving development 
and equity goals, social prefterences, or other behavioral aspects, studies 
woold be necessary about variations among villages and regions in 
potential energy resources, supply constraints and op) ortunities, relative 
prices of fuel types, and even cooking or other fuel use habits, as well as 
etficiencies in the uses of fuel. 

Integrating National Energy and Rural Development Policies. Many 
interacting strands of ocal, farming system, and sectoral issues can be 
aggregated from two principal policy perspectives: rural developinent 
and energy. Efforts to systematize research in this field have started from 
both perspectives. Angles of view can be illustrated as follows: 

Naejlal Energy for M 
de~e 

Rural Development I 
Energ1Y 

This simplified chart may prevent neglect of any important analytical 
dimension. Demand management, for instance, is relevant to issues of 
supply development. One may approach tile problem from either per
spective, but integration can only be obtained by evaluating both. 

The newcomer or "ulnknown" in the chart is energy for rural develop
ment. This is the research problel identified by researchers who met in 
February 1980 at C hiang Mai, Thailand, as most important: "to assess the 
energy needs of' riral people in the context ofeniergy resources in order 
to gain betier understanding of policy and technology requirements for 
advancing rurial (levelol)inent ohject ires" (National Research Council and 
Resolrce SysteiS Instil tile 1980). As coulntries inio\e f'rom the historic 
energy changes (lIthe I970ls into tle inid-I 980s, what is hail)pening? 
What ;s changing? As countries reissess the lack of' success or the "niis
takes" of'rural developini ell'Ots, which institutional afnd organizational 
innovations aire being tested? W hich are proving eflective? 

WHAT DO WE KNOW? 

Variation in social and farinig conditions that determin eiiergy uses 
and sources is great, and studies to discover regularities are still only 
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infant. Advantages of knowiedge are wit lit he rural dweller. Rural pro
ducers and users ofenergy possess knowledge about exist ing aiuounts, 
forms, andi att rilbuites of energy, and aboil I needs to lhe itet. The specific
knowledge they havle is t lie basis fort heir ;IssessIIIeI Ioftpololtntial clialiges.
Local orgalizatioii toIlse aiil reassess h 	 I l ight of,'ilewIbIs knowledge it 
inlriniatioili lId ,eloji leiI opportiilllit cs IisIIh-subjiect especi IllI of 

e I 
researcher raising nie-\%,w inI Il 

Chapter 7 itihis voltme. This IIlaV'yil uniltialI learnlIIIingprocess, the 
(Iuesi ioIs anIdal(ding eliwdoriaiit iotII. I ha 

process the resea chefr learls aboul.It Specific coiiitions t Ilii shipet Iis 
local knowledge. ile process ofgetieramli ii requirs IeClatii i; tlese 
conditioIs to specif ic ],c:il Iits,so IthatIlocal knowledge can le adapted 
to ot her Colltexts. 

Local Knowledge Advantages 

The kinds of knowledge that wonien il men ill rural areas have on 
energy Ilse ailld resourcesare listed here, idicat ing tile rural grolips 
holding special ,iN'alitages. 

Knowledge holders Kinds of knowledge
 
and generators and advantages
 

Iandless fatnilfies (:ollected fuels: wood species, 
parts, attiibuites: aniiiial ding,

Filrn laborers 	 folrlage iil gral/iig pll is;crop 
residiies, green \egetation, 
dplet lot). Collect lolt I lilies, 

(istanices, illilsofilleasire. 
Artisans: sinith, 

carpenter, potter, 
weavet; woodsman, Alternative earning op<ortunities: 
leather-worker N'aria bilit v, risks, trade hirrie rs 

and inequities, wage negotiatiig
 
Service: iidwite, filclors, Ilmjplicit \altiltiOlls.
 

tailor, barber
 
Marginal aid subsistence llmibirioi- gralinsil I'tfels; residue 

firni Liniilies tises aild stlbsl it tiol; anilial ilnaiite
iiaiice ailld scrvices: food and fuel 
tncertaintis: coping strategies: labor 
and wNage terimis. 
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Small- and medium-farmn 	 Crop rotation; irrigation; storage; 
families 	 animal lxwc; fodde, transport; dairy 

practice; market variations and 
barriers; cash management; petro
lenun prodluct s, diesel and kerosene; 
electric power coniections. 

Large-farm families, Cash-crop specialization; fuel 
landlords 	 purchases; tree and grove manage

mnent; labor trends, hiring, work 
organization and supervision; mecha
nizat ion; market ing; supplier and 
bank credit.; petroleum products, 
lubricants, gasoline. 

Agro-processors, traders 	 Stocks and storage facilities; i ruck 
and rail transport; crol) Itit tleS, 
margins, arbt rage; fuelwood market
ing; inachinery supply, repair and 
maintenance. 

Village and district Selective data on ahove categories; 
officials approximat ions of range aild distri

butions; secondary (ata. 

Mich primary in formation otthis kind is in local terns and units of 
measure. Many of'these terms pertain to barter and in-kind transactions 
not altogether visible in the price ecoin ov. Estimiat ing the magn itude of 
this unpriced zone and its terms of exclange reqtuires close fam iliaritv 
with these local knowledge generators. l)aily, seasonal, and yearly varia
tions also must be understood. 

Much of this knowledge is in fornal, noreovel; and expressed mainly 
in actioa and in half stated conversation -or silences. Observing and 
sharing these nuances as a member of lie community (as a part icipailt 
observer) is often the only means of liscerning the inner facts or values 
and of appreciating their meaning. 

Differences and Similarities 

Sharp contrasts in energy availability and use often exist among groups 
and villages within a single region. Shtushil Agarwal (1981) found that not 
only did the composition of biomass cooking fuels vary markedly in five 
Uttar Pradesh villages, but the average per capita energy colstumed in 
food preparation differed among villages hy a factor of niore than two. 
Bajracharya (1980) observed substantial differences amniong ethnic groups 
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and settlement clusteri in agricultural productivity, per capita food
intake, and fuel use patterns within a rural panchaYat in Nepal. The total 
area of this panchayat isless than 1-1sq kin, with a lx)ptilation of about 
3,000 persons at the time of the study.

Numerous additional instances could be cited. The point isthat in no 
country does -rural" sign ify a uniform geographical area inhabited by a
homogeneous mass of individuals and families. And just as "rural" Jacks a
fixed, specific meaning, so a program of"rtu al development" in ust, if it isto be successful, be capable ofadjustment and modification as variable 
circumstances dictate. One of the national plan r's most perplexing
dilemnmas, therefore, is to find ways to ftrnmilate plans and )r'ograms that 
su it the country in general and vet accomndlte di fferent and varying
local needs and conditions. 

Despite substantial heterogerncity wilhin and ailbong countries, how
ever; some general characterizations about rural energy in developing
count ries in Asia are possible. I lere is a list of a few oft Ile major ones and 
sonie of'their miore obvious implications. 

1.In most of the region, the largest single fuel requirement in rtral 
areas is fot hotiehold use, primarily cooking. The household sector may
account for 6(0-70 percent or more at the present time.AIthough this

proportion will doubtless decline, households will cont inue to dominate
 
the rural energy pict ure for some time to come.
 

2. The most important fuels for household use are tire various forms

oflhiomnass, including Firewood and charcoal, ainiinal dung,and crop resi
dues plus ot her nonwood vegetation. The energy contained in traditional
biomass fuels is most commonly released through direct combustion. 

3. Rural energy systems inl developing countries are typically small
scale and heavily depenident on local resources. Partly for these reasons,
and partly because such a high proportion of total energy is used directly
on lie f'arn or inl the household instead ofi i ratisport and other inter
mediate stages. most ofh lie decisions relating to the procurement and use
of fuel are nia(de (Iirectly by indi'idttal users, and very often by women. 

These general characerizattions suggest that some ti-i of bioniass 
system will continue to be the most usual mheans for supplying local 
energy requiremenits, at least until more direct aplplications of' solar poIwer
become economically viable. The most importanit reason for this isthat
biomnass isthe most abundait and readily available local energy resource.
This fact has direct iml)lications for data gathering reqtired fot efiective 
planning and for the selective introduction of energy technologiesappropriate to local conditions. National officials usually know with some 
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serious problems of accurate measurement. By contrast, biomass fuels 
vary greatly in physical characteristics, moisture content, and heating 
values. The mix of biof'uels normally differs substantially from household 
to household and, within households, may vary from season to season or 
even day to day. 

THE RURAL ENERGY PROBLEM 

In many areas, development by small-thrin and landless families who 
live in marginal or subsistence conditions isthe subject matter of energy
for rural development research. Act ions ly people to change their 
organization of resources aind tech nology in order to improve their 
inaterial condit ions are the desired results of'research, and facts geared 
to those acts are the research tools. But the establishment of facts in non
moletized or partly monetized sectors, where both ecology and the 
dynamics of' hunan work result inl diftlerential access to resources and 
diflerential efficiency in energy use, is a research process in a partly 
hidden, changing arena. 

The rural energy problem then, centers on rural people's ability to
 
transfiOrm institutions and resources, including energy, to overcome
 
poverty and enhance l)roduct ivity. The problenl may be conceived on 
three related dimensions: 

I. Structural relations between rural po'verty, resotirces, anod social 
organizat ion; 

2. l)ifterences ainrag resource holders and income groups in efficieticy 
of energy use. Ef!'iciency and productivity differences are influ
enced I)y location and ecology, as well; and 

3. Contrasts a ntransitions between subsistence and commercial 
energy resource imaniagemneit and exchange, linked closely to 
farm ing system transitions and often involving resource and income 
(list ribut ion chainges. 

Iransitions f'rom subsistence to commercial exchange are related to 
infrastructture development within and between regions and to changes 
in negotiating power between villages and central places within each 
region. Policies originating f'roin community initiatives intersect here 
with formation and implementation of' regional and national policies. 

Rural Poverty and Resource Access 

The development process of'the subsistence condition differs by 
country, culture, and region (Shigeru Ishikawa 1981). Ecosystem charac
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teristics dceterinein the potential ainottnts and forms of energy available 
per unit area. People's tratustorlnlatio ISof' lese nat tIral systems in local 

farming sysiems determine how iniich energy is availalle per person 
aind to what degree overall availability olenergy is prolemat ic. 

The farining system, as defined iin tlis book, is a relationship between 

social and organizational factors, inclulding (listribitioi ofl'resouirces and 
benefits, and decisions and actions bv men and womien to choose, work 

with, and iUomdikv crop, aniiial, anid f()iest production act ivities ;ilird 

technologies using I lie resources oft lie local environment. Tlhe social 
natutre of 'resource right sand t lie di,; ribit ion ot l;nd, water, Itees, and 
livestock amon~g fiiinilies and settleiietits ,allocate the supply of eiiergy 
difterentially aiong the various energy lrins.Such allocat ion 

C or governs fn 	 iroduttioi and gather(onstrains ily decisioiis oin 

ing of bioaiass einergv resources, and on luirchase -f
comnmercial 
fiels:
 

" l)etermines fimily slirpihises and delicits, and 
• Inifluences 	intrahinlily, ittertilnily, and interlieighlorliod
 

energy exchanges.
 

Such allocatioti also 

" Creates appl'arett suluhts or \waste entergy resources ill sollie 

neighborhoods and deficits iti others: 
" Establishes nia'ket able str)lus exchanged outside the neighbor

hood and local area: and 
" Determines the proportion of elergv tr;sactions occurring 

tlrotigh tuecha isins of price anid market exchange. 

Measurement Problems in Subsistence Economies. Measuring scales 
for subsistence conditiois are dif'ficilt to define and not tuiiforin. For 

example, changes in distance walked to collect FIielwood are Lised in 
certain energy st udies as indicators of scarcity. Estimates oft his sort must 

be doie with care, ottthey tna' lead to wrong conclusions. A snalpshot 
view rather than a1mnoving pict ure overt itle can le one source of'stich 
mistakes: 

Researcher A (fioin Asia): 
"When some A f'icat energy studies state that womnen carry 20 
kilogram head loads 15 iniles each day, it isoverlooked that the net 
energy requirements fo this work cannot he obltained from tile 

norinally available 2,000 kcal of daily food. )ata either ir tlie 
fiod supply or tile Fuel collection should be reexaniined. 



20 Ruial t.iEicrgy to Mitl)c.le Ioluiciie Nee<Is 

Researcher B (fromIan East African city):
"When you actually see young girls and womeln wearing their bodies 
down and dying at an early age from carrying these loads, you 
realize that the nunbers are correct and that these women are 
simply using ip their energy capital." 

(Morse, pers. corn in., 1982) 

InI yiillareas wit Ihrising poiuhlat ion-to-land ratlos and increasing
bioniass deplet ion, Iransit ion to negative lesoitrce/iecd balances is t he 
prospect. What kinds of indicators - burning of 'ice st raw; burning of 
(lung-cai ident if\' and assess such llileet ioi 

Constraills influ.ncing the cholce between providing cooked fhd 
to people or to aniiiiiials are cxpericinced ill some areas. Itn Nabagrain vil
lages, most [aunilies f.ed the gruel fIOrmcd by cooking rice with excess 
water to cattle and )oiulty after utixing it with bran. Poor f7alilies,
 
however, consune the gruel as part oft heir own 
diet ; often, they do not 
have an atnilial to fed alwav (Ntlrt Islam 1980). [low is a value toIbe 
placed oil gruel, when it serves such dilffereit lltrposes frtlln ote filnily 
to alliother? 

Need and Scarcity Assessment. Need is a coliliolily tsed ailnd tildr
stood word, biut difficult to dcinc wit Ii plecision. People (10 kiow their 
own direct needfs best. I lowevcr, Ihe 1ii1V not colmprehed Ilie conditiolns 
in fluencing their needs i be ai)le to assign valties to these coliiions.
 

How people a(Ijtlst or nut igate their situilation whteli Ihe% lack energy

resOli-Ces inlldicates nee(l. Ini certaiii 
seasons ill Bangladeslh, soime rural
 
fmalilies are not able to obtain fuel to cook more than once a (I~iN'. 
 TheY (fig
ill) roots froii dead trees or cteil xcess amilounts ofli\'e wood frolli CoIn

1i1o1 forest laid. As rel)rte(l ill (hal)ter 2, these acts have colitiiiteld to 
soil erosioll anid loss. If Fnilies ale fo6rced to I trespassil ot liers, ild aild 
trees to obtain Fuel, how should this be llicastired ill terlills o' need? 

In Jaia, the l)OorSt filillies colisillie less fiel becatllse the ' .colitue 
less fuOod. 'his is clear evidence of'what cln be called sllp)lressed lie( for 
boti fi (I lid fuel. 'I llie+ Find eloilugi elly to (ok theI liltod he have.c 
In solli 'illages, 1tiilhililnIle'l l]ieds are nitel by sliarillilliiongllollse
hlids. There, by cilstolii, wcll-to-lo ltiinilies ofieli perilit other ..ilililies 
to collect brallclie sali(i twigs Froil ihcir latid and trtees (H1-adi Soesastro, 
pers. corinli., 1982). 

Scarcity takes iatiV f'orits. Seasonality is ofiell a lilalor fictor. In 
Serang, Ilidonesia, access to lrests dtrinig tlie raii, Se;lson is dil icult. 
Wood sulp)ply falls; lprices rise to 60-70 percent aol)ve the dry seasoni 
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price. Some years back, tie rise was steeper. Then a widow set up a 
new business, buying fuelwood in the dr season, selling it in tie wet. 
Her entry into the market and arbitrage across time reduced the degree 
of seasoiial scarcity and price fltctuations. Eveni at that, wet season 
prices curtail access to wood by the poorest glups (Soesast ro, pers. 

Collii., 1982). 
lIentifying and evaluating scarce resources is an important step ill 

assessing local factors that linit increased productivity. It is also an 
iiiport ant step iii all)cating develo)lient iiivestmients among diflerent 
areas, accotrding to where aid how far inpuit scarcity curtails development 

or plreveits atttaitlienit of basic needs. 

Energy Efficiency, Values, and Intermediate Conversions 

Families who inav not he aible to ohtaiil sufiI icill food and fuel for 
daily needs are, in tiaii rural areas, amiong those forced to use these 

resources less efficientlv thaiin available technology ipermits.When women 
are engaged intitrin operat ions, as during peak sowing, weeding, aind 
harvesting seasons, time t inie devoied to c)okiiig activities may )e inore 
critical lialli saving fiel. TO save cookiig tline, hey useille Fuel. Siniilar 
IrildeOffs eiweeMi 'uel ;and tiile are Itiid illiirlai households. Use of' 
geieral-piirpose sloves that acconimiiodae iii _rio.r bioillass 'iels as well 
as high-quialitv I'ielwood is an li her exaillle. )esign needls ofactuil users 
Intilst lie basis fr as deiionstratled ilbe slove ill)lprovetlieit pr)ograils, 

Chapter 8. Bit it"at the same ltine, beiter firewood supply was assured, 
designs could lead to great efficieic. People's evaluations oft hese options 

and social iimeasures to assure agaitist their risk are essential components 
for such conserving steps. 

A frican energy st Lidies report t hlat ilsome places women passed by 
large trees (which would re(1 Lire chopping), and cut smaller diameter 
trees tktrt [hat prictice reduces net fut'urte growth. Iiher away. other 

aleas, trees are ring-larked prior it)fIlling. Iliia direct sellse, tills is More 
energy efficient haislash-buirn cullitg, btit iutrieits are lost to the 
soil l)ecaLise t lie riged trees lose leaves. 

Practices like that provide evidenice that energy, efficieiicy o flis 
aiiiong ecosysteins ammod between dilereti grouips wit a in Lirli itig systellis. 

)ifferences in lOriiisand efiicienc)' oftenergy useLhave callse aid effect 
relationships with di f'Hereitces in availability and sctrci \' if phyisical 

resoLilces, ltmlhondhiiig sttuct tire, Ikirntmilg pract ices, and task and tine 

allocations atliotlig Ineli, wolieni, ail children. *bny variables infhlueice 

these energy relationships iti crol)-tinial-lorest SVstens. Changes to new 
filns ofonetgy conversion will niodiufy those relationships at countless 
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pxaints of'end use - in such tasks as cooking - and also at intermediate 
stages where elnergy resources are converted into fuels, as well as where 
fuels atre converted to forms or IraIIsterre(d to places for applicationI in 
end uses (Kirk Sin Ith and M ichael Santerre 1980). 

For purposes of technology design and selection, energy Iceds can be 
divided into these categories: nied IIIt-tetl ,ItIre ne Ieds (e.g., fr. 
,_ooking); high-temperat tire uses (0r potier aind smit h work); mobile 
mechanical energy (tir ;agricIIlttral operati ons aI)d t Isport): stationary 
mechanical work (for )uIIltilg of'irrigatiolI and ofrinkiiIg wate, food 
processing, and small ii(ItIst rv); at!I colitig uses, like refrigeration. 
Changes iinconversion teclinology arc Itiot ivaied byI design goals such as 
increasing energy detnsity (maiking fuels more homogetwous and easier 
and cheaper to troIasp)ort); ill)roviIng its itg heat atquallity (e.g., by liovi 

higher temleratures); increasing its utility ;uiot flexibility (e.g., I' lising
more versatile fuel such as electricity instead oftitg); and by making it 

tore converNiellt and saftr (bY avoiding io)lliitlt cfhicts, ho exaiple). 
'he scale and locat ion ofenergy exchanges are also altered by these 

changes in conversion technology. (:o seqtueill,, theccapa( ities oftditfer
ent people at different places to initlate or co1)rl(teueigy supply and 
traisrnatiotl are affected. "Systemilhndlries" tor Ihe stud(fy (I energy 
in rural development must be (efined not sim)ly to atticilate technology 
change, but more signif icaw lv to )ppreciate Ithe social potential tfr 
accom)lishinig such change and1 lxCIIef it and where. POtentialy,whto wi' 
these gains ill efficiency and related p ,,(tctivity oftter iew added valutes 
that rural people, throtgh acti'e plainning and orgalni/ation, can use to 
improve their quality of litf' and tcreate assets hOr t twit future. 

In attempting to compare efficiencies, care must be taken to Ireat 
energy f'lhws froim different sources consistently and It) express tlie 
compared flows in the same units, as "energy use per tinit activity" 
(Resource Svstems Instit te 1980). These "cetg inlexing" l)rollems 
cannot be atddressed within lhe scope ofthe present book, but shoild be 
recogniie(l iin(ialititg discussions of'efficitIecv. Indexing issues inclutle 
the definition and tCnsutiiie ts ofacti\ities: Wlh;at arc the variious 
f'tIIctioiis lYerftovtneb ves, for example, and how can I]on lileasitrable 
ft'nctioiis he ompatred? Indexing questions ,also itclude the idenitifica
tio of consistent systci) Ioltlaries, especially when coml)paring etiergy 
sources that iivolve different c<tmtersiltot itci iods ot IraillsoIt reoltil'e
ments. A related (tiestion is where in the fuel cycle should measurement 
oftenergy fhows occur: at tile soutrce, at the point ofcoilversio). or at the 
point of ntse? This latter question greatly affects the local-verstus-regional 
incidence of energy transitions and their ieasuireinil. 
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Regional Transitiony: From Stibsisteiice to Commercial Ext hange 
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seen in regions ofcenn'tl Jaa, Irba 111(1 list rial access to firewood
 
increases, making ruraI scarci I iIIore scvere. 
WhII e IIergy .supply 
wo'seins, labo's slil C,goes dolwl. 

Fol"cl'lcigy iin s Ich ti;)isitioIIs to) IiaNe j)osiIi' role, it Iluist Co'llltibute 
to higher Prodlctivity alid ciiploynien. I i Jnava, occupational and skill 
developmentl tndrinal i11dustri <\Xl-disioii aie key factors at this stage. Is 
energy I bot tleieck? A studY ofcentrla:l Jav:1 idusti'ies l0nda ftel-using 

the laill coiistraiit to bh.sii)l)ly of' raw imaterials, not energy lirectly.
 
Rising firewood prices aiid lower luel quialivt, liowe\v, were alverselk 
affecting p)rodcti\Vity ald qitali l[ utpill Insolir as rural industry's 
deiiarl f6i' crop rcsidnics also irlci eased, lie ability of't h poor to obtait+ 
these tr dlitional stpplie's w\<'set'ol. 'l'c rIate and extent otnew cmnploy-
Illellt 'icatioll, iIIa itionlial context oft lie ra;c hetween iltoie ll!d 
prices, detemies whletlher Ihe puchising power oflpooi, groups will
 
rise adeqiately to Offselt these eff'cts (Soesastio, ps. coimm., 1982).
 

Converting the Problem to Opportunity 

Chol'kate etsideniis, alter agreeitg oil lpriority lnced,t iti io'ed to
 
assess ll! Inoi)ili/e reIsour'ces to clv(a .lt'ne copri.\. body andI Ilew
(w 

local elergy technology. IPolic adll I'esoillice sipport were pi'ided IlN
 
the natlional goveiniiltl,eiieigi/,d by Ithe colilimitl i
filltator. 'ie 
coiInilliiiit %'s st Il(l tiil asseg oi l()I ii i (0)lill iiitiils, no 'ccd, Ied to policy 

Jt isiileiits i li he t'xtellil slt' iii, Ili1otigh Iiiti;ltk cs ofI hIt dc\'clop
iiit'iii agenc aiil baik. Iliat tcxpeiic 'Xllilif l's;a paradigill blr
 
(olihivt;lil(' iil'af st iido ittioli. :\slctIs (ofl lit' i
aii.l ral ellrg rproblem 

Just r'cviewel - o. ill tell',gv. elf aianl t lansiIrelsoilut'access,tallgt icielicy, 
tiolils f'ioiii silsistenice coo diiols- alad to ti it'(lyillil-tuire oft hat
 
)ai'radiglli. 
 Ti'e stage is set ill this wa ' tr iet( policx aid techiology issues 

addi ,sed in it' book, arid fi'ra conisidtleiationi of i'lesa,lil etihods 
)eai'iiigon thiese issics. 

REVIEW OF METHODS 

Methods de'eloped alld uised to collect iiloi'irat ioin iddi'cssilig these 
complex issleS Ir' 

Structuring and Interpretingof Secondary Data 

Ill ilost counttics, greal qtuant it ies of' illuOl'lilt ioll arc gal'eru l'rt 

idministrative units at the scale of 
 a Village, cluster ofvillages, distirict,

iiil state o' )ro'iice. Such existing data, altlhoui h often 
 inderrated, cali 
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usually provi(e a starting point fi)r ilentiftying critical issues or areas. 
The com )iling and scrutiny of such data in ors I relevaIIt for lro)l)lem 
i(entification is a fundamental StC) to selecting Ipti LIti0i) gr'Oi)s and 

areas for in-depth i-research. With little adde(l expense, yet will) close 
attention to problems oflefinition ;an( measurement, patterns observ
able in secondai'v (lata cai lie used to test how far and in what respects 
the fndings fi-om local studies can be generalized to wider areas. 

Structured Surveys 

Formal (st rlictli'ed) interviews using pretested qlestionnaires can 
fni-n ish pi imary (lata on i(lividual households or villages. Physical 
measurements ofkacttnal fuel consunl)tion by households and bionmass 
potentials of homesteads are often co)mp)nents )ofstch survey schedules. 
lhe scope a( extent of'a suv'ev are determiiend by tie breadth and 

(el)t h of lie research objective. Stlct Ureld st itveys are used nminly' to 
obtain nuiiieri al data with measui'able accuracy and significance. They 
ire nmlceltalin ats tmeans ofcollecting nonistan(larize( datai an(d are very 
(lifficut to conduct. 

ParticipantObservation 

The ieseaiclier ()IsiveN'or )articil)ates illh)cal activities and ill 
illornia (liscussions witlt the local residents an( observes their daily 
activities illt fiat locale for atcertain period, )ief'ral)lv I ull year.This 
method increases lie htiumn contact ai i( level of uinderstanding between 
sti'vey'or and respondents, tlhs licilitlt ing t lie exchange of' in fornation 
regarding noi(jnuantified data, including felt needs, pireferences, and 
priorities. Paitiicipant observat in max provi(le a tait ing point in design
ing 01' c('n(icti g a sit rlctii'e(l suirvey. 

Participatoryand Action Research 

[his approach uisuiallytbegiis withIparticip)at-olserver involvement in 
regular village meet ings and direct initeract ions with the village commuii
nity. Active coiimiunity-Ipiuticipation iii tie research process is often 
encourage(d with this approch, in which tie researcher )erfo)rms as both 
interviewer anid facilitat(r. Act ioun research illthe rural energy context 
us-ally isa)plied to "initei'nalize" and integiate the )rocess of'techlnology 
developmient and iniplementatioti in a Iprticular village comIIIIluiit,'y o 
area. In other wo(lds, action resea'ch is meant to pIromote interact ions of 

the three principal parties, namely, (,I)the eLner'g' user,(b) tie technol
og' (lesign~er and (c) the su agencies (putblic or private).ot)l)()r 
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Field and Laboratory Experiments 

Ittt III 	 crlilt o1lo6get herl %\I(l C-lic sitveNIS, pll iil lS~toll, act loll 

I~ccldlC)erese;Itcli, exJ)Criliiltls or IStest's IW OilliaCy totlc.CiIC a;ct lull heldt 

colid(iti ills, such "isci licietlciCs of cooklig stoves orI illiIiiIii lil )( 

kerosene litips. Nfajo10r p)i'Illt~c Cicil [Ilg fidc Ise cilt iclicics (III I~c 

idlitifie ic lCill least p;aI jalix Irjliciitc( ii llc Liehoraioiv. 

coIIIilied( ill rcentI SI iuhics. so tiv Ilictlodls fltilitat1c gi-cilr i11siglt ilt()I 

enctgv jpiol)lctlii n it culi SCtihogS bilt arC 1101 CeaSil\y gCIIClali/Cdl 1oF 

other Selttigs. Othecis hcl) reccttii hes.ItS dccjsioti ilkcrs (IatifV ;I 

gencial sitOjlt M'. iSSlIC 1)I11 oftcl it.(r c Ilchicu inSpcilic clscs. 10i 

calcl r-esechl o1)jccti\c, a (csigull of itllIO(Is that aC1ejult-lv ;accCtnllts lo(i* 

titi 1;11 aIIMItCtcls i-clevaitI lo otl ohj],ctIives (oLulC gre.11t l ilIhaicc 

tile IctIlsh1 Itss of rcscatlclt 1)0)th loca11 llalnitioliAl. Ill oihct, WMrAl, 

IreseatIclI (lesigIls sltouthl allow folr littlgrat jolt of In itto;and 11ilcro per-

CItl rvcN-s canl hecspc(tives. l'ot caillcl: (aI) resultIs of largc-scalic SItructue 

intterpretedf itltic atccuiiaItclv w itlh the help of, 111iwligs fitoin plrCticilaII 

01)setlaitlll or aW1tion tCsc;I-ch wil Itcottl~pcttctI1;lt (1csigIIs: (h) sites lot1 

thorouigh StlCIdl of pai-1l ita l)ICllts (aIll Ic selctedcC Ittorc Ihtciselv 
ity 	taikiig inito aIccoilt Ithe tcstlls ofI lagc- c:1lc SI ructilltCC slCI1\CVs. 

TO) gutidech11 dcsignt iitll Sclcct( I iltctf(ls, we S11lI1titlaii/c Iext filec 

STRENGTH THROUGH DIVERSITY: 
COUNTRY AND TECHNOLOGY EXPERIENCES 

We lptCst't it) (l;lialte-s 2 IC) 6)lic coliIII tVst titfics tlit p~ermit aIlook at 

nationl lCiC iI sut [tilt iCot) ;111(1l iservailiais well atspoc\tctiligs tfI 


for enlerg ' tcchn )hog C
developnment.
 

The (tl)je( I1w CoI it,. piocerit(i StIdNI tI Ci)lstit tiles Ilie corte CfCI;lI

2 (CoII M1inglidesli) %%a;st lic ;IsscsstttcItof(IItsc liecdiSd
CtIol ~ii-cCs i~ 

basis lor tccllnlologv (Ic\Clopl)tcitll Si ttlict I01CCI ii1ttciews, gtldlcd bN 

pattici1)itnt ol)st't\ cts, wct-c coihIIiccf lit all 2,820 Iotscltolis (1123 
villages ill aIcow igliotls rilrcii. Lii.Icrgv I-csCCilccs ailldIluse ilit both wei 

5C115Cot1 i1 IC(it- WeIc SScSd(.T[1 ciScI;sSecS IliC gas jRotell-ScaCsoC wei e cla I 


tial br)I (lliestic idilagrictilt tit-.l uises itt tilltiS Cli\'ilf()ltltleitt ;1i1(l sets
 

thle fiact tiM stalgc fotr tpc 8, CCII lisct-Coicitedl (IgIt -lid(ltevelojtttteit 

of' imprve lsto)ves.jt) 

addlitiont, (hitpict 2 reporCts *i(cCitititilontSi iCI ilt aI(coittrdiltgIli 

ruralt-c anld anlal\cs filtc qutite widec disp)ari \ Ittllhouisehold fticl Ilse 
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foun11d if] these two inicrosl udies. iit, those st udies are colllmared

willI two aggregate Bangladesh eneI r sttdies it IwI%Vst ruct uredf

regional surveys cc nering on 
 ionuass. Ile ch lper shows hal wide,
tile.xplainled divergencies persist in the t'itldiIgs of rural energy Studies it)
Bangladesh to date. lhse (Iivergencies, nif Itil ate lN, are complete lvignored in a recent repisc ol't lit earlier stud' (Russell Iol. icia, I letirv
JacolVy, and others IN8)T that reveis all undl'lv low estitiale o'llangla
desh t'irewood colsuiilftion. (lapter 2 assesses netilods used il eachstudy, and suggesis inethods of, ap)ro;ch to overconle present deficien
cies in basic rutral enei-gy l t . 

The riiuletlerg siltve in West Jilv siilllaii/ d in Chaplerl3
ftclused ()il a speciftic eleirgV lolik y issue, iaeilv, the effccts of kerosene
subsidies ()i eqtit and on kerosene sibstilltionl for firewolod in lOutse
hold tte. Wili this 16ctls, i 1wll(stutlvlso c(inlribuit, d to a larger project
on eiiergy aild ilcomlle (!kibtion. lailitiletlte effect of variig rural
conlditions ()il lhe ldicy issue, tle sit y us desi do) o over a sy'stemu
atic coss-sct ioi of nitral localities. Quest ijollair ilteiviews alod tie! 

leIastitrinetlts were c()ldiied ill 533luholseholds dist IilHilted ,llillig 40villages anld 5 (list riots. Smliple selection factors ilcliided (list Iicl ch'aracteristics, v'illaige typology, househlold incomeii(, 
 anid hlouisehoild size. 

A Itinilt i~Inllodlology conicluisiont of( Italptet3 is I 1.0, lot. t he regionl(tcertiled, tlic ailliilittslilIe (fistiici is 110l a siilaic satliiliig iitit lIot
stdlitig lli(lillass-fssil fuel itilcracti ils. cological areas (e.g., ai coastil

village chiose to 
 i)ntsliild, ia coastal village clos t agricuoutitrl sites)

wouttlll teliteseillIllett 
 Ihose t'sollt, socitoecoilollic, andl s)atial factors

that ate iil)ortanlt to detelitiiln 
 iriilal eileiyv souices al use. Other
inodiicat ions of.Scope and flcitt hodr t, teco> lrleteilded fofri1titue eiergy

aind ritralldevelopnet polic Sttudites.
 

The chapters frol Batngladeslih, lndolnesii, tile lhilippintes, and

"'hailand (2 to 5) 
 acilitate ;i reiew oft le ust, olfstrutr11tre1d strvs in
stlci nilatiol~il politv stldies. [1e Strengthls of 'stlrictifirtd surveys in

aichievilg liroad tovetage al dnll
il ideliit)'ing alior regionil variations hi
eltierg resottrc lied it,(l pllatternilsateiroll ht out. Litnitations olt he,survey t 1il(d witlot(oill)leil llcltary researhilh, ill ilot servilg to
estabilish rital ieedcs and priotilics, evaliate iitlCOiltlitc'ial lierg ises
ainl Iestirces, or itic lh techilologics to tiset teeds, ne!also eviletnced. 

(later .I stiil)iiiatit:: i at ioilwidl titral energy lbaiseliilet tidy
carried1 out it1 I978 b.%t, !itt;istivrof' Eteigy of't lc llhilil)pines. Ilie
Illaiin puir)ose ofithe surve was tolestal)lish irst pllroxinaiil i of" lowmuch of'what firii of'elge Was used ini which region for wial purpose?"
The sirvy , idinnistered in coi!juctiloll with ;Iflat ionwidlsus of'annutal household expenlo lit tire, also exaiiites whet her selccted ( cio
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itL, m'./
Re'ina .Sat'rr'a(IjuNlng smokee pue' reil,Sr i L.anka. (Kirk R.Sm'it) 

cono iciiI"\aiial) s sigiiif ;ic I Ii I I I (Ic e 'i coIs!)tl IIIiliou I),itterns.il]v cl 
Anotihe'r rura~l _ litcg%]IiSC111lit Sliietof 2t,(01)0 hiousehold(s (list iit~ued 

;nii()ng 200(viilig's ainid 2-1 pro iniics of lhilliil, desig ed to rcpresent 

hliccitirc collrlV, is reporteld as lhe coie o((liapter 5. ihe SurveV was 
ilitoltltakti bhil tic al r inlN oii eigv Aohiiiiiistitio(i (NVH)(otfliailanl 

198.(. The (lis(issi()il of Illc Sill\t'v findings is s5l iII tl €(oIt.XI ol'hllii
lanid's raid~(agic~iil l (I t'\ ol tihcdew citiill past d'cade.t',l.'l()g411i/ll4 

laniil 1iiod altlsas well aIs ituel for grea;ter proglesstlnelt'rx (lslt ihe 

I()\\itald iti') i i1 d,\~('lcliilitit, dti th t~ll Suiiiiilii'/es regioialc i 

tliel I );uiallcs, reg,1ial elug] lise i rI ;an1d celetg')liseflow itiIIill IIlc', 

bNvsli/t o)f F.1i1.ill i I t gi(oll. 

Tll' llailald ii)lter itl)o (irts oI)tllii'(l thlo(tiglh locial StilieslSoi datl 
illdiffeieit legions on oli i'r,1(Iis o II ir& oo- l a,lldlcli;lcol Ilse ill 

liffercill slw)\ tN)les. lhis illhisi lirs liOW illfotl lo)a)lineld hoc~illv 

Itoii llstls of, initu.cles)itolll(s ainl teculiologiles cill i c(lm)illCed. ill 

hvbti( fo with national or regional siureNt daa to) make prelininary%\, 
et'Sinlates of ilel ' hiapter coiilutiles thatslil)stillitioll potentilal. hll 
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further microscale studies using regional agroeconomic attributes as 
a framework for analysis will be required to bring national social and 
economic development objectives to bear on energy technology develop
ment and energy conservation. 
The use of survey research in a participatory manner as tvehicle of 

integrated rural energy planning is exemplified in Chapter 6. Experi
enced researchers engaged and trained voluntary interviewers who 
carried out approximately 80 percent of survey work covering all 10,200 
households in one development block and 7,900 households in a second 
block in the state of Bihar in eastern India. The two areas have distinctive 
ecological and agroclimatic conditions and cxlhibit differeint energy prob
lems and priorities. Catndidate energy teciiiologies aiid implementation 
approaches are presented. 

Lessons of the participatory, microregion st udies described in Chapter
6 provide a bridge to Cha)ters 7 to 10, which pres;ent approaches to 
assessing tle viability and acceptability of ew energy technologies in 
rural settings. Rural organ izatioll for assessment of local needs and 
selection and implementation of'new technologies is the fbcus of Chapter
7. The next three chapters assess technologies used primarily -but not
 
only - foi domestic cooking needs: improved stoves, 
 tuclwood platings, 
and biogas systems. 

In Chapter 7, the author doctimienits his action research experience
involving coiln un ity participation in needs assessiient and technology
innovation ina Nepal ill village. The st udy area, Chholprak Village 
Panchayat in (orklia L)ist rict, has an ecologically (list inguishalble lXptula
tion distribution by caste: the Kuthials are at the low elevation; Brahmins,
Chhetris, Newars, Sarkis, and Kaniis at the middle elevation; an Gturtings 
at the high elevation. The chapter contrasts community-based action ill 
Chorkate by the Kmnhals to assess and organize hiogas installations with 
decisions by individual households inthe midelevation conmutinity to install 
improved stoves. Social, technological, and ecological factors if) thiis 
dilf erentiai response, as well as the unwillingness ot'the (turtiigs to act 
respmsively to new technology oplxrttnitics, are examined. 

Field-based assessment and developneiit ol'improed stoves ar-e 
reported in Chapter 8. This chapter tndertakes to develo) met hodoho
gies for evaluating stove types and to identit'y fiactors important indesign
ing programs for developinent and extension of'im lrv)i d stoves. Women 
who make and use their own stoves are tlie tltimate decision makers. 
They are the ones who can be expected to guile design and determine 
acceptance of improved stoves. The chapter describes methods fr testing 
stove performanice inactual use conditions as well as in t lie laboratory. 

Chapter 9 discusses the introduct ion of' last-growing, inultiple-use 



ftielwood species that can be grown both by individual Iiliiies and o) i 

neighl)orhood or cornmmuunity scale. Methods for assessing local firewood 

needs and for uiatchitig species selection to laitI use, soil, and other 

cultural conlitions are illist rated with cases from In(tloiesia and Bangla

desh. Representative vield rates fr iIilortant spleies on typical sites aid 

with dif'rent silvicttilt tIral methods are indicated to tfacilitate lr)ietec 

alipraisal. Species proividing fiuIder as well isfeiel are examined. Steps to 

combine conitiniig ex 1 eriietntatioll wit I i'-v'illage and oii-faitii fire
wood plrod~ution programlts aire presentied. 

Chapter 1() dtleiioistrates assessment mtlilods fin' bot h hiusehold and 

comiinunity biogas plants, with aln ,llialvtIicfiaiework and numerical case 

examlles that all extensioiiageilt could applylli lelpiig a ttnil, or grolp 

iil. The proedetttn loi'of ['amiilielsgather datia 1,li local assessint 

Iresouric anol teclniology appraisil of' hiogas svystems (Saliterre and Smith 

1980) ispreseiitd illsinlnarv [ori. lie chapter d hevelopsscetiariols ail 

sensitivity analyses ilncluding each principal xarliahle ait'tiiig 1t vitiani

cial viability and attractiveness of fimil and coiniitiivI hiogas sv,'leilis. 

ENERGY AND RURAL DEVELOPMENT: TOWARDS A SYNTHESIS 

Chapters I I and 12 focus oil ural residents' nedt's 1o"iin 1(1iat lolln as 

inpts to local planning and oil the integration I local and itgioinal 

alyses to addrt'ss nat ioial policy Is.stit'ld develomeilneit olect i\es. 

Ini Chapter I1, lit cookiig sct'or is used is tlit t'nlt v pointl for"Illidt'r

standig ftod-ttiel links. I rifimatlonoliipiled fitoiii lt'iolis research 

t efficilicies ald reqtlitclarifies tht' tactors itvolved in est iiial hg ful 

mnelits and inlassessing cooking fuel 5(tt'cts ail l access. \W'rk ili(itiMe 

allocatiloll by fiiin filiv inibers, t'sl)t'ciall\ by W<oiilleti lifuel collection 

and ielated ftii(f prelarattoill ;i('tivities, at' ili( iirs f<r assessiing
 

opportlunity costs ail more v'aliied options (iticltioillpchild ale) fol
 

labor act'ivitv. Regardit (irgailization ot'land anid work, itli cha)ter
 

t itfltifv critical iniiting [ilclors
illustrates ho()w to iis,a set of' iiidicators 

anl new tesoitirce 01)1)0rl uiiitlit's iti the local 'irlililigsystim. If' peopl ill 

local connIlnllitit's coitribute their own knolCdgC i d hllo)iig atiod 

using sclllh sst'ss ail iniproe resoiliouve use, such localindicators to 
datassessliilnts cati lie conlitecte to the shaping of' regionial atilt ional 

resource assessiieints adl policies. Regionil difi't't'ii'esamitong fiiliiig 

andiio iresoulCe svstelis Cli llso beitisse.ssc l tlhtiuglh such ilitliCalO'S. 

Chapter 12 addiesses prioritit's, desigis, and methods 1f0r cminiulii g 

'esCai'chto prli'ote iniprovCd CIIg' 0)t ioiis inet ing rural develolpmient 

needs. Energy ileehS ft.r thei agricultiral, agro-)rocessilig, rniral industry, 

and transport sectors are addiressed. lor elective developitnnt to occtr , 
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technology end uses in these sectors must be meshed with domestic 
energy needs. Discoveries of'new resource mixes and systems demand a 
new research style capable of'contributing to this integration of house
hold and agricultiral needs. 

Development Research Goals 

Lessons liwn 'f'om tile \a'iluious CIOSS-COIri t' eX])erietices delnoll
strate the potential fir local transformations in hman and lphysical 
resource use, in tldeveh puieri process ihat enhances equity while pro
wPoting greater lrodl1hctivity. A )rincilal goal of develolinent research is 
to strengthen pcople's ability to make these I razisfiniatioxis, l)evelop
nient research has tile role oflhelping rtnral people. esp~ecially those with
the most actite teeds, learn how to build tupon)Il and adapt their l)I'eset
knowledge to gain new initiati'es in decision naking ardl new adv;ntages
in tegotiating with outside grotlj)s. 

Energy anrdlrural deelopient, nderstoo as ih1molving )eople's
decisions on distrilutioni and allocation of'work as well as other resources, 
are integrally connected il tile frniiework of rural energy and ftrining
Sslenlis. In the energy and farmtninig systei context, tirin amrilies and 
other rural coinilu itN iiieil)ers ried lietlods and inihnaliti to 

" Impirove their knowledge of lod-utnel links and of new opportunities
for greater producr ivity il ctrp, aniial, and forest resources;

" Identif'V crucial lfactors that liit or block lrodttction inicrea:ses anid 
deterilile how to) overcomiie [ heli;

" Invent n ew ways of'olrganizingaaI allotting work activities, to ald 
value and share blenefits timore eqtitally;

* Evaluate altertmt ive energy technologies, bothIt by contiribut ing to
their design and Iy operating, testing, and itloidifinh as
 
required to fit par icular lailY and seasonal conditilns; and
 

" Realize econinies o'scale and oftransactionis il l1fod[ aid eniergy

resotrces thlrotgli al)p)topriate groupji andt'(tillllltllilv Organization.
 

C()Oeritive restht mielhods I ht eniable village residents to joiti
with sclilars ill generating flacts relevarnt to(needed initnovations, ini 
aissessing new yresource and techulohigy 'oiiiltilat ions, and then il
organiizing and testing thenii il )ractice, are the fondation of the new 
energy for ruural developiien agenda we )')l)rose in Chapter 12.
agenda enourages rural people, ill (oleration witi devehopulent 

[his 

institutions, to identify realistically their needs for eneigy and their 
mneans ftir ftilfillmuent of't hose needs. Social, allocative, and techliologi
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cal learning and policy guicelines wouldlbe fostered 1)), the specific 
methods chosen to ilm lement the program. 

A New Energy for Rural Development Research Agenda 

Thecdevelopment research agenda outlined ill Chapter 12 provides 
for integration of various research methods to meet rural energy needs. 
The research orientation can be described as "village-outward" (see 
Andrew Vayda, Carol (ol fer and Mohamad Brotok tIStlinO 1980). Tested 
methods of village and microregion research, coml)ined with regional 
and sectorai analyses, would be linked with national energy planning 
and policy fi mation. Success in three research st yles exem)lified ill 
chapters of this book instills confidence in the new research coinmu
nity's capacity t( achieve such integration. These are (1) action research 
ill specific rural areas, with lively community involvement (Chapter 7); 
(2) comnitmity-l)ased energy needs assessment linked with farnming 
systeits researchi and dleve]l)lenl, inc()rlporating the .onideo orgaun 
callai method ol'understatiding problems ofsl)ecilic agroclintat ic zones 
and adapting that tnderstancling to the circumstances ofother zones 
(Chapters 2, 6, 7, and 12); and (3) rural energy policy analysis through 
careful definition of issues and methodical select ion of samiple study 
areas and households or farins to represent socioeconomic conditions 
and ecosystems rele\'ant to the 1)olicy issue at hand (Chapter 3). 

Participatory Local Research. Village infbrnmation needs anld those 
of'district ilamnning and de%'elopment agencies would be met in the 
p)rol)osel iprogram tllrough local energy and Farming systems research 
and develolnuent. (oiIniiity groups including farm and labor fiamilies 
would engage w ith imerdisciplinai-v research leams in appraisals of 
critical energy con:t raints as well as new potential linked to himing 
activities. First attention would be directecd to classes ol'meedl, including 
cooking, irrigatio, F,arm i~oI.¢et, agro-)rocessing, rural industr, trals
port, anl health. Ill cool)eration with researchers, area residents will 
organize and to(nilor tecliologies identified in this liagnosis stage as 
ready for use or tiria . 

For more complex or uiicertiitl s',stent's considered to havC promise, 
local sp sors %willconduct tcasibilit Nassessments wit h guidance by 
research specialists. As more st ruct ured research is de fined, the re
search team, vith active local participation, would assess larger energy 
system and resource develol)ment ol)portunities linked with farming 
system potential. New ways of organizing resources and (list ributing 
benefits ofadded v'alues woull be fostered, as suited to these 
innovations. 
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Policy issues arising in these local asscssilIciIIs will freque, Il\tall fIor
 
m1ore l)ro)alV l)astd rce. IIII,
low whicI 1);11 til):itl lIserval io)'viw l
 
estal)lishl the basis lowI I I(1I red l Irveys wit 
 it-th' IrIhIIg siesCII.
 
Examlples illustrated in ( Iil)ttr 12 in(Iti(le the ellecIs (oIltn1
(.If Wih ImI 
IIitItiI miland ctal:iit\ Iot ,vork ,andtl t I . re(qiirtemiits ()IsmaIl ill
 
transitiouIil LinmIs low enlergy ill
\lious oii)xls 1lt li l)r(li (rrore yi

Co>Illi)iittioIIS. ThesetsII(i I. fro Ii hel piIg l);t1-l
a;p;IrI cilp;t uIg riII 
gro)I)Sp )rogress to),':Vi I i ,I lt\ l I tgoals. ,. til(lIe linke I wit IIwider. i)oli(..\ alnlak. s. 

Regionalization of Renewable Energy Research. Ii f)lirma(t iou (eeIs
of' iitiI ia1l R )egiil(l III (he(isioii imiakers iesoitsi lh liordI('llo Itig

lpr(ogra, l rcsollicves to (11l cillr cgl .( m ldl
<'uimlsml~i u )~ i~ w be
I)cpiase rutnrllserved b.% i t legis hlli ;l1ts 'lilg(sie 
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APPENDIX 2 

Categories of Rural Energy Research Objectives 

Establishment ofbaseline data to determine national energy 
program priorities 

Assessment of rural development implications on energy 

I 111rod tiron of rura elect ii ficat iol 

Assessiment of ruii ! niergy needs, iser problems, and priorities 

Introduct ion of in proved energy tecnologies alnd energy use practices, 
ill: hld(ing consllatilll 

Assessing defOrestat ion .lld aiglileit ing hioiiass energy sources 

ldeiliting potential ulsers ofellergy technologies 

Introduction oftiew enllerg teclllolog.ies 

Development of'policies )il'conser-ving tfossil fuels 

Estimating siibstit itin toial of ienewable eiergy sources for 
fssil fuels 

Esbil)l isliliienl of investilil ilh catlions for research an(d developnent ill 
renewable iiergvi tcchnology 

Development of eiiergv pricing p)olicies 

Assessneit of factors illsccesses and failtires of renewable 
enlergy technologies 

Assessing the role of energy in ruliral employnient generation 
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2 
Energy and Rural Development: Critical 
Assessment of the Bangladesh Situation 

NI. Nurtil lslain 

INTRODUCTION 

Bangladesh is a country of !43,998 sq km characterized by a network 
of rivers and over 230 (list ributaries that extend about 2-t,000 kn and 
cover 9,389 sq ki. As of.J tily 1980, only 9 percent oft he count ry's 89 
million people lived in areas defined by the 197-1 census as tnrba (gener
ally areas with 5,000 persons or iiore). About 1-.1imillion households are 
(list ributed over 85,650 villages, i5,490 wit h more than 50 households, 
and 20, 160 with less than 50 households. Agricult ure is tlie occu)ation 
of 80 percent of the labor force, and this sector directly colntributes 53 
percent of' the gross domestic product ((;overnment of' Bangladesh, 
Ministry of Planning 1980). The nation's four princilpal administrative 
divisions are divided further into 20 districts, 71 subdivisions, .t69thanas, 
and 4,365 rural unions. 

Energy is a vital input for rural develonllent. ''llis chapter proceeds 
from the assinlption that energy planning for rual areas should be 
considered part of national energy planning ,id aiiled to achieve 
national rural development goals.The chapter reviews Bangladesh 
energy policy studies, providing a context fior comparison with studies to 
assess local energy needs and technology potential. In order to examine 
the role of nicroregion studies in identif'ying tactors associated with 
specific variations in rural energy use, the core of the chapter focuses on 
two in-depth studies in rural areas. This establishes a basis for considering 
how appropriate blends of macro-and microst tidies may he filslioned. 

RURAL DEVELOPMENT POLICY 

"I'c Five Year Development Plans have had colitintling concern with 
rural development issues. One important social objective of' the First Five 
Year Plan (1973-78) was to achieve equitable (list ributioii of' development 
and to reduce ixwerty. However, both institutional and resource linita
tions frustrated even amodest beginning in this direction. After an 
interim period (1978-80) under a separate plan,the objectives ofthe 
Second Five Year Plan (1980-85) were formltated in view of'over

-t:3
 



i- R',It ii lol n Ntcc. I+evl L+op.. g i Iiiic'iii Need's'| 

whelinig J)roblenls of Missive poverty, iiielihplo yilienit, illiteracy, and 
malnutrition ofthe large ruiral popuilathin. Over 80 percent of'peolle in 
Bangladesh co1tiile(l to live below [lie ecolnonmic povel't.y line, defined 
by a miniitim caloric reqtirement oif'2,12() kcal. IFi ftx-iii percent 
were estimiated to be below the extreme poiverty line, I,805 kcal ((;OB, 
Miiistry of, llianning 1980). Inflation has worsened tlie plight of lie 
poorer groups who work matinly as wage laborers. 
The Second Five Ye'ar Plan concentrates oii several rural development 

strategies. Ihese will inclitole actions in educattion and health care, but the 
uldat ioll [Or rural development will be agriculturatl develolniieit. "he 

strategy for agrictiltutral develolpment will be to eflect a ralild traisfirma
tion fron traditional agricultural practices to modern tecliiohgy. "I6 
attain this goal, adeqlite ruesorces ate Il(csS+II'VsISISaii equitable 
share of resources lnd ecoiotillic belief its liot each grollp in (lie .rural 
coluiIuItitIItv ((;OI, ]Planmting( omtiisnio 1980). 

The existing significantlv tieqitnal (listril tion of wealth inthe rural 
areas not only interferes with equitable incole (list ribtio but also with 
equitalle opport tihies. Because the access to new resources such as 
agricultural inputs and credit is largely dleteriniuield by the exist ing 
(listributiotl of wealth whose dominant element is land, rural iel 1 talit, 
continties due to concentrat ion of land in tile hands of'the f_'w.lack of 
opportunities both inhibits product ive energies and handicaps ai) 
poverty-oriented strategy. A new more viable (list riblit ion svstenu its well 
ts ,appropriatepolitical decisions andtallocation of'resources are reqttired.

The Second Five Year Platn also recognizes regional planning as an 
essential elementit i cotmprehensive rural development. A balanced 
regional growth pattern with tneatitigftl dispersion of industries, cash 
crops, and other ecotinotic activities requires ,Ii\iding the colltiV into 
suitable regions, subregions, or suprtegions based (lIteconoumic and 
physical characteristics. Tlhe titt t'al i)rituuat'v ut1it foti regiotial pliMIiing
is tile village. Between the village and t ie natiaon is ,tset of alterniative 
intermeliate tiers. All oft he substalt iye tiers are slated for development 
oiver tlie next five years. lhe plan calls lt" disaggregatitig national 
produtction goals into regional tIgets tlei tllt'e agricutlt tral commodity 
slecializat ion accotrding to specifisoil tYpCS Midotithic'rresotrce etndow
iierits. Moreovet; regional input and service lpackages suplwxnt ing such 
commodity speciatlizationti will be Iiiatcled to ICgiotal plans. 

'le Integrated Rural l)evelopment Programme (IRI)') of Batgladesh 
isbased on t lie experience ol't lie (oimilla dist rict cooperative model 
developed I the Batnigladesh Academy fr Rural Development. lInitiated 
iii 1961 in Kotowali thana, the Comilla model expanded by the late 1960s 
toall other thatias in the district. It1970, the program was expan(le(l to 
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the rest of the countryi as the IRDP, under a separate directorate of 
the Ministr yof Local Government, Rural )evelopment and Co-opera
tives. When subsequent evaluation found that the cooperatives did not 
produce stflicient yiehls, several "crash programs" were init ited in 
selected thanas wit i large financial assistance from external develop
meint agencies. 

A Swedish International )evelopment Agency report presents a 
coml)rehensive review of the Comilla model and the modifications made 
through IRI) and t hose "crash prtograins." According to that review, the 
cooperatives ftiled to change effectively t ie pattern of' poverty, landless
ness, iiiequalit, and uiernpo)ment (S.I). Vvlder and Asplhnd, n.d.). 
The report also imind tliat, at that time, coojieratives almost exclusively 
l)enefitel a small minority of't lie peasanits and flavored some urban
biased interests as well. The landless or near landless (most of' the people) 
were not rticipatinglg at .ll. The intensive prograim for Integrated Rural 
Developlment is acostly approach considering either area or population. 
Even if'a particular zone "atchieves" rural development using t hat 
a;pproach, tilie least developed areas would have to be selected fit st to 
equalize overall develol)ment. I loweve; the most developed areas tend 
to be selected first fob quick invest ment ret urns. 

New area dev lopment projects were not planned for the Second Five 
Year Plan period. Projects in progress were scheduled for completion and 
evaluation regarding appropriateness and effectiveness (GOB, l'latining 
Commission 1980). 

Although the I)irectorate of IRI) P was created to organize social 
institutionls (cooperatives) to enhatice agriculture and economic 
development, a separate corporat ion of'tlie Ministry of Agriculture (the 
Bangladesh Agriculture I)evelopment Corporation, BAI)C) is responsible 
for the delivery and maintenance of'agriculttral inputs. These inputs 
include irrigatioln Funips and fuels, fertilizet; pesticides, and seeds. 

ENERGY IMPLICATIONS FOR RURAL DEVELOPMENT 

IIn Bangladesh, t Ihe land available br fiarm ing can not prdItce enough 
food fir the demise o)(1pulatiou using traditional agricultural technology. 
Increasing productioln means using more energy for running irrigation 
pumps aild for proldticing chemical fiertilizer. More energy is needed for 
processing and transl)ort ing agricultutire products anti for producing 
finished goods. These development activities, in turn, would provide off
farm employment. These end uses require only a small but vital portion 
of the total rural energy need, but the energy used must be high quality. 
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Interdependence of Subsistence and Development Needs 

At present, energy in rural Bangladesh is used prinarily fbr cooking
and lighting, besides agricultUral purposes. Cooking fuel alone consti
tutes most ofthe total energy requirement, although of lower (qualitythan 
energy needed for development activities. Traditionally, locally available 
fuelvood met the cooking fuel re(quiirement. But the Lin favorable land
man ratio and the resulting scarcity of fuelwood together have initiated 
changes to other cooking fuels. Agricuthtire residues are used instead in 
many rural areas now but since they do not burn well and are harder to 
store, they are considered low grade compared to tuielwood. Even residue 
fuels are scarce in sonie critical situations. Ftzrthelr, where residues are 
used as cooking fuel iistead of as fertilize; tie quality oft lie soil and,
therefore, crol)s stiler. Reportedl), on 60 perceit of Bangladesh's arable 
land, organic in atter conitent has deteriorated to a critical 2 percent level 
becatuse organic fertilizer is not being used. If that )ercemtage is not 
raised to at least 3 )ercent within the next 10 years, chemical fertilizer 
efficiency will reiain static and crop )rodiction will not rise (The Bangla
desh Times 1982).

All agricult ii ral l)roductioti in Bangladesh depends oti hit man and 
animal power. Chronic shortage of food and f(dde- affiects the otuality of 
this energy sonrce. Moreovei; increasingly inore iiteise croplping for 
higher out, itt has increased letnanl for that energy. Becatuse the land
niati ratio has reached a critical level, the relatiotiships among tood,fhel,
and fdder should be cotisidered together in a rural developmeit piro
gram. Design of atiy energy progritil must take into account the locale, 
season, and specific resident l)opulat ion. Plan niig atention is reojtti-ed to 
miaintaiti and develop energy sujl))iies in both the quantity atid quality 
necessary to meet subsistence atd deeholpient re(juireiients. This raises 
complex policy issues regarding both coinieercial and traditional fuels. 

Commercial Energy Sources 

Bangladesh has limited cotimmercial etiergy sources. Potential reserve 
statistics are tiatural gas, 10. x i ()'SCF; coal, 527 x 10" ton; peat,
133 x 10' ton; andi hydroelectricity, 690 MW. No pet roleutii reserves 
are known. 

Two ilajor rivers flowiig fron north to soutih divide the coumntry into 
ati Eastern Zone aid a Western Zonie. Energy itse patterns vtry greatly

the two zones. All the known tiat ural gas reserves aid hiydro
electric resotrces are located in the Easiern Zone. Indigenos natural gas
is available for certain industries there bitt iii the Western ZoMie iridustries 
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depend on imported pet rolemin. I t ie Easterii Zoneelectricity is gener
ated by nattnral gas and hydrol)ower aI idgele atioll capacity exc'eeds thc 
demand. In the Westerin /otle wherc iImported petroleti f'ucl is tised 
to generate electrcilcV, dcemand exceeds gelIerlat img apcity. Rl iable 

supplies of'electricit y and ildustrial ful as wellIas c'hcaper (uIt tice I' 

industrial fuel (from natural gas) have conI riIbIltecd to acceleratId iI dlIs

trial growth ill Ilie Eastern Zone. 

ItI 1972, th11 p cc ratio oflpetrolctI I fuel per thermal uint to that of 

IImttral gas tsedi i in(Itstr\' was 2.3:1. I It atio will probably1983, the r' 
reach -1.6: I. Iol power generalt ion the same ratio is 11.2:1 (1972) anod 

18,8:1 (1983). A utiforim price of elect ricitv t comIsII Iers is I ImitIited 

Ihl()gllotll Ithe collillt IV. 
GvenruIment policy emccuIIlges iIiaxi IIi/iIig use of, imldigclotis IntuIrna 

gas. Pr'eselit annlial consumption is 0.5 percent ofltotal pl)ov'en gas 

I'esCI''C. a icgas transmissiomi line is 0.9 peiceit of'Carrv'yiug ca paciIN, ,d'tv 
total proven rescl'ets. Finliancial co tstraints to date have limited exteIllsioll 

othlie niatlal gas pipeline withil tile Easterl Zonie, htil one goal of tle 

'tu'relnt pjroject is tle extesison ol'a pipelitie to tle second largest 

city, ClhittagoIg. 
New electiricity geie:iatiotn stat ions have been located near the Easttn 

ZoIe gas ireserves while exist iig power stat nis nea r gas reserves have 
been coniverteld fl'tii petroleum to nat utral gas. When current work to 

interconnect the zonial grids is comlletcd, elect ricity geiieiiited using 

nattiral gas ill the cast will also he used ill the west. lxpamisioi oliiattiral 
gas lines and of elect ricitv(distriltn ion ;areotbot calital-iniensive v'entures. 

Bangladesh with its weak balance 'paymcitls nieels at lcast 1) ve'ars lead 

time to impleient this kind of llroiect. 

nergy-por"areas inevitablyevelop 110lCreshOWlv tlan i.reits where 
such capital-intetisive plojcts are more clio-economically feasible. 

'lhis pattertir is reflected inl Bangladesh where tle Eastern Zone is 
(evelo)inig lister t lhan tle Western Zone. 

Rural Electrification 

In 1977, tihe Rtral Electrificatioti Phase I project begai by establishing 
the Rural Electrification Board. lhe Phase I pr<oject was planied to 

prto\ide electric connections to potetiial coiistliie's illsix selected ateas 
oft licotitry, coverhiing -1,373 sqImi (8 percent of'total area oft lic coti

ry'V).'Ibtal hliseliohlds in tle project area were J.I million. l\ventv-two 

percent of t h husholtls illthe aruea were estimiated to be able to get 

electric comiection ((;OB. Rmal Electrificaution Board 1977). 
Illtile draft Secold Five Year llat, 1.1.5 juercemt o'the total public 

sector expenditute was allocated f" the developmient ofenergv secto'. 
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Allocation for ru .a electificatiol alone was 20 percent of tle tidget of" 
energy sector. One goal of' I le Seconld Five Yeai Planl (ending in 1985) is
that all tiana healdqiatlers and more than 23,00()0 villages (35 percent of'
total villages) will have access to elect ricitv. Twenty percent of lionsefhols 
in 23,000 villages arc expected Io he cotiiiected to electricitv ((;()I1,
Planning Comn Inissioni 1980). 

Traditional Fuels 

Traditional fuels are ol)tailled lhoil I IreeIlamjor sources: ttee biotmass,
agricultu ral residues, and atlinal residues. 

Tree Resources. T'ree-covere(l areas of Baimgilesh are eit her reserve
forests (89 percent oft ree-coveteil arcas) or hollestea( woodlots (I I 
p]ell ). h'lle teselve h)I'ests lle e('ither-state owuerd and adIministe'ed bythe goverlulc's forest depart ieit (51 pli'(elt IflItcre-cov'ered areas) or
by the (hittagong I lilliTlracts (list riot autlIoritv (38.ci-eute). 'liees iI 
,esrm'e foirests are nat Ural growl i anld used fotr t illiler, il(list rial raw 
natetials, am l' ietw u n I. 

Reserve fotests are localtd ii fi. c geogr'aphic areas. 'lih I (list 'ifilt ton
wit h)that of ot her resolrces alld ,opilalin f,cth (list ricl is showi ill
Fable I. As tlie table iiiucaics, tesot'ceS at nul distrilted u\'etnil aIIlllll 

Pl>plla'ti lon groups. lI tile or Iihail ll tI hcst. eight (listricts with 37
 
pe'c'ill ofpopulation have (I. 
 0.6 iel'('el oft<otal IVt'e+,t areas. OI theotIher hald, (hittagonig I lilt r'i'a(ts (listij('i, with only()0.7 per'cent of' the
 
total polplaliol, has 55 lm'celt ofItlict 
 orest areas. lic onl\'hyd'opower'

slatiol ill lite couilt'r is hocated ilI this (list 1ct. The (list ricts'with the least
 
hIrest-c vered alca also Ia'k 'olllllercial enlerl' resourll''es. 

I holiestead w'o thIlay' nllil Ilmll) ' ant role ill leetg ill( tle neced ofI
 
t l'adi iomll fuel ,'esoll'ces. \Wit hin 
 lhe social contexl (If Ballgladesh, tlle
homeste.ad is (lef iled asan area physically occupied by otie o' more 
households li' habl:itatioll. I'mit-,l<01 tusages if hol itslead land areva are
Io' lousing, c'okiiig Sfpacc, watel SoUlltes, lit lill., 1),)st hiat'v'est )l'lcessilig
ofcrops, ainimal shed, plant ig a+.a, lot' I ces aiid \'eg,+'e;,liles, and limited 
grazin. space. O) homesteaIs hav'ilig Ilio'e than (ile household, sharing
of difflre.nt lucilie, ridlt lie', lvsical lc'atio elclil on the 
distrihtilli (If.owlie'shil of lhuIllusteaul land.
 

The hioiiesteald v,'oulols are p:lante..d by\ 
 inillvihual (I),Vters ill theirprnivate p~lot~s located wvithll and neea,"ith lliesteadl. (Genmrally,11t1ti

purFpose trces ale grown alotg with I Iher \ 'tgetlit\e c'ro)s. I houiesteadwoodlhos are (list ribtted s'elilv rillohlgiloit hIlie'oliitlly.Although 

http:difflre.nt
http:homeste.ad
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lral/porting/iwI I.g%to)town, I?taIl0 l. (R. I(111 I,11 Belt) 

rural pI~c depetnd fm Ih lici r fo.'lc .,upIv\. Sinlce Ih hIlelt ownel(d by 

thIe icophlc dl since tltev I.re easilv accssible, IIees iII ltoiesead. lots ilre 
used more ffici j,:hv thi'm'l cse, ci.fotrest I vcs. lrunks of (tees,I)!ndlus 
ofIrees, ,and fallc.'i leaves arc till used as cooking Iuelk. ()te, oitlv 
l-attlc5ic arc(loppedll offI pclicafidll. 

.Feeccs fltvni r'stir\ f'sts are cut ,ll gtlltl Ilcvel i 11most (ases, antd 
otl trun ks an(I itifr lan)ces!i ll v liaketl awa, otr fuelwood. Whithi11 a 
pr't iul:frtri'. I lie Iale of ext racl io1)1o Iielwood fi-ttl leserve ftIYCsts 
and htlt ;ticds is l(le. toIall ,al iltd rural detmands. (Gtutralklv,all 
cooking Iutel nctels of rt ill ileltas a t Frm lcsoate otes atvailablk wit hill 

lie villkl,;. A, ti is locate l ;lljuacll t, . \illlge, it ttalv supplyd l'set\rc st 
SOlle pllt oft lie village's I eel. Rcstr\e 0frests arc I ie(- Ina, 11supply source 
of ,fllllwo: for tlly)it dal;ds. ! .stliCes suppliedt((ate i Iflitcmt d by 
tranisport colst .MdttIposse andt I lillispor~latlot) collsidcrlltons tend(t(o limt 
eXIlll io)1o toulwoodIte (fl.\ s.isoti.to 

Lacking s)c(i'l( dait. a l;)ssiblhe scCnllilot I lie supJply (II lolelf,',,l 101 
vaiounis Illlbdll areas of liigladlesh follows. 



TABLE 1. 
Distribution of Resources and Population in Different Districts of Bangladesh, 1974-75
 

Divisions 
Districts 

& Total 
Area 
(a) 

Not Avail-
able for 
Cultivation 

(b) 

Reserve 
Forest 
(c) 

Colfu-
v&.le 
Wastes 
(d) 

Current 
Fallows 
(e) 

Net 
Cropped 
Area 
(f) 

Total 
Cropped 
Area 
(g) 

Irri-
gated 
Area 
(h) 

River 
Covered 
Area 
(i) 

Chemical 
Ferti-
lizer 
(j) 

Cattle 
(k) 

Total 
Popu-
lation 
(1) 

Urban 
Popu
lation 
(m) 

Percentage 

DHAKA 

Dhaka 5.2 6.1 1.2 1.3 L.2 6.1 6.1 8.7 5.0 8.5 5.6 10.9 36.7 

Kishoregonj 3.9 4.7 0.05 7.2 5.1 4.4 4.7 10.5 5.8 

Mymensingh 5.3 4.3 1.2 2.5 6.2 6.7 7.8 5.3 
3.3 

6.1 
1-4 10.5 6.4 

Tangail 2.4 1.2 2.1 3.0 0.7 3.0 3.4 2.4 1.2 2.1 2.2 2.9 1.6 

Faridpur 4.9 6.7 - 0.7 4.0 5.8 6.1 2.3 6.1 1.3 4.7 5.7 1.8 

CHITTAGONG 

Chittagong 4.9 4.9 9.5 6.0 5.3 3.6 3.7 6.7 6.9 14.0 6.4 6.1 14.4 
C. Hill Tracts 9.2 1.0 54.9 1.5 0.3 0.8 0.9 0.8 5.1 0.9 (1.7 0.7 0.8 
Noakhali 3.4 2.4 0.1 10.7 6.7 4.0 4.0 5.0 13.8 5.5 2.5 4.5 0.8 
Jomilla 4.7 3.9 0.03 2.1 11.8 5.6 5.3 8.3 3.7 12.9 L.9 8.1 5.7 
Sylhet 8.7 12.5 3.6 20.7 7.5 &.5 7.5 18.7 1.4 5.2 9.3 6.6 2.0 



RAJSHAHI 

Rajshahi 6.6 7.6 0.1 11.0 4.3 8.1 7.3 7.9 1.5 5.6 5.4 5.9 3.7 

Dinajpur 4.7 4.5 0.4 9.4 8.7 5.4 5.3 2.6 G.5 5.1 5.7 3.6 1.7 

Rangpur 6.7 7.9 0.1 12.8 5.7 8.0 9.7 4.9 5.6 5.2 9.3 7.6 3.9 

Bogra 2.7 3.3 - 0.3 1.3 3.5 3.7 2.9 1.0 2.9 4.1 3.1 1.2 

Pabna 3.4 3.5 - 0.1 7.5 4.0 4.1 2.3 4.8 5.7 3.7 3.9 3.2 

KHULNA 

Khulna 8.4 6.8 26.1 0.9 6.3 4.7 4.0 2.0 16.7 1.5 5.1 5.0 9.9 

Barisol 4.7 6.8 v.2 3.7 .7 5.6 5.6 4.4 17.6 3.3 4.6 5.5 2.3 

Patuakhali 3.0 4.6 0.4 2.2 3.2 3.1 2.6 0.8 8.4 2.9 5.3 2.1 0.6 

Jessore 4.6 5.2 - 3.4 1.1 6.1 5.5 1.6 1.3 4.4 4.8 4.6 2.7 

Kushtia 2.5 2.1 - 0.3 6.3 3.0 2.7 1.9 1.0 1.0 3.3 2.6 2.4 

BANGLADESH 99.9 100.0 99.9 99.8 99.9 100.0 100.0 100.0 100.0 99.9 100.0 99.6 99.8
 

Million Acres Million Million
 
Tons
 

TOTAL 35.3 6.58 5.46 0.67 2.0 20.56 29.92 3.5b 2.32 0.28 2S.9 76.0 7.0
 

Source: Figures are from Statistical Year Book of Bangladesh, 1979, L.B.S.
 

Note: Not available for cultivation: Rivers, tidal creeks, lakes, ponds, roads, homesteads.
 
Cultivable wastes: Area suitable for cultivation but lying fallow for more than one year. Current
 
fallow: Area brought under cultivation, but not cultivated during the year.
 
Total area: (a) - (b + c + d + e + f).
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1.The main source of ftuelwo)(l for urban areas is reserve forests in 
the!ir particular district. Any additional need is met from homestead 
woodlols. This is the situation in eight districts (Khula, Patuakhali, 
Bal'isal, Mymensingh, Tlhugail, Sylhet, Chittagong, anid Chittagong 
Hill i'acts). 

2. )istricts with disproportionately higher urbalnt p)pulation obtai 
their ftelwood supply from three sources: homestead woodlots, reserve 
forests located within the particular district, and reserve forests located 
in other districts. For example, I)haka district, with 37 percent of total 
uirball l><>pta <fthe COlin'y, has ouly' I .2 percent oftotal reserve 
forest area. In addition to sources within the district, the fuelwood supply
for trban areas of l)haka (list rict comes front adljacent Mymens in gh and 
"langail (list ricts and also from coastal forests located in the Khthna and 
Pattakhali districts. The transport system originates from l)haka, the 
capital city,ca'rying const"nier goods and intermediate goods to periph
eral districts. lielwood is brought back oti the return journey at small 
marginal cost. The operating distatnce of road transport is less than I he 
ope rat ing distance of"water t ralisport. 

3. )ist ricts wit Ivery few reserve fbrests tOr fuelwood supply within 
their own boundlaries depend ol homestead woodlots located within the 
district and reserve foriests iocated i) ot her (list ricts. 

The demand of ftelwood iina particular turban location is related to 
the socioeconomic st at us of isers all to availalbility and price ofcoiimer
cial cooking fuels. Fqor example, part of the urban opullation of li)haka
and Narayatganj have piped natural gas f'or cooking. With a domestic gas
connection, the monthly cost ofcooking with natural gas was only Tk.35' 
(US$1.75) as of July 1982. An average tamily without natural gas for 
cooking would pay aboutT'k. 1.0- 150 to cook with kerosene and 
'Fk.120- 160 to cook with ftielwood. 

Village homestead wood',r; pla' a very important role iii suplying 
cooking fuel not only f1Or ru'ral population but also for urbanl locations. 
Some recent attempts have been made to establish fo'est tilrseries to 
supply seedling for homestead wood lots. Existing in frast ruct ii'al facili
ties are inadequate to meet exisl in g need. 

Agricultural and Animal Residues. Use offagricultural and animal 
residues iscooking fuels difiei's according to location, season, and 
socioeconomic statuis of'consutraets. Tr; rsportation difficulties and 
storability lituit residute consumpt ion Iscooking fuel to rural areas in the 
dry season. Availability ofagricult itral residue is related to agroclimatic 
zone and harvesting season of speci fic crops. Resid tie from crops bar
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vested illthe dry season is in high (emanld as fuel as well as for other uses. 

Residue available in wet ionthis hilt Unlreservable cumnot be used as 
fucl. Rice straw and jute sticks both are available in wet months. Rice 

straw (lecomposes easily, butt jute sticks are strong and can be preserved. 
Animal residue produced in wet mont hs cannot he uised as fuel because it 

cannot be dried. 
Note tha t lie production of traditional fuds such as fuelwood and 

agricult ural andl animal residue depends or,land. Actual constiniption of' 

these types of' fuels 1y individual fainilies depemds on ownership of land 

or relationship between constimer and landowner. 

Policy Issues 

This profile oft he (listrilitioii of comineicial and traditional energy 
souices and forests suggests certain policy issues related to energy needs 
and rural levelomlment. Ih districts critically short of'trees, is slibsttitution 
of' fossil fuels for itielwood as indtistrial fuel and as +nrbandomestic fuel 

an appropriate policy option to retard the adverse effect of deforestation 
on agrictill tue produiction in these districts? Coal, fuel oil, bottled petro
leimn gas (Ia.P(), alid conplressed natutiral gas (CN(;)might be considered 
isfuelwood substitutes f(] apprliate end tuses. Alternatively, should 
free plantatioi be tinitertaken forareas critically short ol'trees? 'his 
policy woulld retqtlire a change ill attitide in existing forestry policy. 
'radit ionally, frest i'y in fr-ast ,tict u re has been developed for conserva-
Iion and coinineicial ext ract ion ofI' forest pr->dultcts fioin naturally forested 

areas. Areas wit h no nattiral forests have the minimun in frast ructure but 
are in greatest need. 

In 1979, in order to st imtulate giowthIi of intistries in backward areas, 
the government deciled to pay approximately 60 percent rebate on 

purchase of fuel oil to indtistries established or located in seven districts 
(Dinajlpr, RangpuI, Rajshiahi, Pabna, Bogra, Barisal, and Pattiakhali) of 
the Western Zone. l'his subsidy is of course limited only to certain pri
Va;tely owned inidustries al)proved by the induist ries departilient. The total 
iinimler of indtust ries so f~it availing of'the r'ebate is less t haii twenty. One 

policy issue is whether all the ind ustries located ii these districts should 
be considered under some energy price incent ive scheme for the reason 
just disctissed. l)elivery of' commercial energy and price incentives, 
potentially including IP(; and CN(;, may also be considered as a policy 
option to establish agro-processing industries iii the least developed areas 
of other districts to provide opportunity for rural emnployment. 

At existing prices of diesel and electricity, it is more expensive to 
irrigate with a diesel-operated puip than with an electrically operated 
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pump. The existing electrical network covers only a small fraction of the 
total irrigated area. Similar to the provision of price incentives and 
industrial fuels to backward areas, would a set of price incentives for 
diesel fuel used fh)r irrigation be an appropriate policy option? "lhis 
facility would benefit a large number of users in rural areas and would
 
contribute to agriculture production.
 

The program for rural electrification raises related policy issues.
 
On the one hand, two major weaknesses of'rural electrification can
 
be identified:
 

1. Twenty percent ofthe rural households are the potential users of
 
rural electricity. This group also controls most of'the rural resources.
 
Therefore, rural elect ri ficat ion 
 may enhance rural development by
 
improving the standard oftliving ofte tipper 20 percent, which may
 
remove disparities between the rich urban and rich rural group. But
 
most of'the rural people will be deprived of (irect benefit of rural
 
electrification.
 

2. Project areas brought under rural elect rification were selected 
according to techno-econoinic feasibility. 'I herefore, it is tlie more
 
developed 
area ofthe country that has been selected f'tor rural electrifica
tion. This will result in unequal development ofdifierent regions of'thc 
country. 

On the other hand, rural electrification has iliportlant potential for 
increasing irrigation and farni productivity, thereby increasing both 
employment and residue as well as food production. If based on genera
tion from natural gas, it may reduce oil imports also. In some areas 
landless families have organized pump groups, selling water-lifting 
services to nearby marginal and subsistence fairmers. Optimal use of' 
irrigation capacity ard equitable distribution of water depend heavily, 
however, on effective organization by user groups - for which extension 
services are currently limited. 

The various policy optionsjust discussed imply that location-specific
policy actions are necessary for achieving the objectives of rural develop
ment. One question may be phrased more broadly: is energy pricing 
policy an appropriate and effective measure to offset the locational supply 
imbalance ofcommercial energy sources? It should of course be stressed 
that any incentive measure with energy price must be linked with the 
guarantee of its efficient use by the benefitiary group. 

ENERGY STUDIES 

The objectives, scope, and methodologies of surveys related to energy 
use in Bangladesh vary widely. The focus of this chapter is on in-depth 
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studies of household energy use and resources in two rural areas, oriented 
to technology needs and development. A comparative setting is oflered by 
brief reviews of' other studies. 

Bangladesh Energy Study 

The Bangladesh Energy Study (BES) was funded by the Asian 
Development Bank through UNI)P and was carried out by a group of 
expatriate consultants. That study estimated total energy consumption of 
Bangladesh in 1973-7-1 at 287 P.J, or 3.8 GI / person (GOB 1976). Tradi
tional fuels were estimated to supply 73 pielcent of'total energy (2.8 GJ/ 
person) and commercial fuels supplied 27 percent (I(;J /person). Only 
1.6 percent oft he total energy was electric. 

Uncertain abotut their own est imate, tlite B ES st ressed tlie teed for 
detailed studies on rural energy sttl)plv and demand. The st tidy high
lighted the importance oft radit ictia etergy in tlie nat iomial ecolomy hut 
did not recommend nvest ment in this important secttor. One of the Inajor 
uncertainties was ill deiiaid and Supply estimates for firewood. Oil tle 
basis of'aerial suivev data, the BES estimated possible availablility of tree 
bioniass at 2.1 iiihion tons per year. Firewood consumptiot estimates in 
other Studies varied from -1to 22 million tons per ,ea. lThe BES argued 
that only the more wealthy rural households acttallv use firewood 
obtained from their hl>estead. lhe poor rural hotseholds mainly 
depend on residual bio.mass. Bsed otl iii fol'mat ioll rolni aerial pholto
g"aphs, the report foundtlo evi(leice of'ov'erclltttig of trees ill 
homestead areas. 

Arguments I 3IES justifying their estimate were ilot accepted at field 
level. Overcuttig oft rees has become a general concern for various 
groups of peolple al is attributed to tile wide gap between tlie supply and 
actunal COnIStumpt iOll. 

Energy Use Studies 

Based on secondary data, Rodney 'hers (1978) estimnaed total rural 
energy consttiption ili Bangladesh in197.1-75 at 616 P1.Estimated 
annual rural energy use was 8.7 G'J/lperson, of which iraditional fuels 
accounted for 5.0 (.1.That st udy emphasized tle importrace of f'uc! 
sut)j)ly f'r food piocessing and preparation and lie risk of'declining per 
cal)ita crop residue availability with adopt ion of high-yield, short-straw 
crops. The available data were analyzed in terns of food production 
models, incorporating growt h rate of' food grain, livestock, crop residues 
for cooking, and economic and technological trends. 
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In 1978, an in-depth st idfy of rural energy use was made in a small 
random ly selected sample of tamiiIes in Uliputr village, ConIilia (list ict 
(John Briscoe 1979). The study poputlation of'300 people belong to ,t0 
Musli) agriculturist atunilies and 8 1iinclu fishing liimilies. Energy use 

erecollected over 8.5 no lit Isdata wit by part icipal Itolbset'vers.I ihe th ree 
sources of, iIo i olI were I lotsehllol (Iuest i IIlaire (delmographic,
economlic, land utilizaltion, crop production, ,ninials, and residue prodll'

tio); fhrtnightly inleasuireinliet for each stt l -l (fuIual and ,uiinalamili' 

labo; crop prod t(ct ion, crop residue )roduli(t lo, cattle feed andIilug,
 
and fuel for strage): ai(lM urterly detailed ImaseIl'eneit ft-r each
 
fimily (types and quant t
iies oC fuel tised fin'cooking fod and tir 
parboilingpa y. 

Ownership of f'oel-pl'ducing asset was found to )e highly colicell
irated: 16 percent of l huiiilies own 81) pe'('ent oftfIt" trees, 55 peicent 
of the cro)pped land, and .15 percent of the cattle. The annual fuel coil
stmplloti f lthe c('olllltiiitN WaS estiIlIated as 6.8 G,] / person. About 3 
calories of fllel vas colnstnllted hi'evich calorie of' fod grain cooked, 
indicat ing a very low efficienc- oft lie cooking process as will he seen1 'li 
the analysis of cooking fuel reqtuireemts in Chapters 8 andI 11. Famuilies 
of different classes ulsed difierent types of fuels for cooking. 'he average 
itinIber otlrees per )crsonl in tlie sitldv area was estitreated as 6.1. Irees 
are accessible to t heir rcesl)c('t iye owners 0lly. 'Ihis tN c of st tzdN reveals 
the inftlieltce of sowipolitical factlors 3)01clIcl'gv ise piatlenls tIder 
lo)C ,Mlliei{''ial t rlalnsact iols. 

Base(I oh a st iid' in l)l;uisIwa;r, Bangladesh. ,c;ral p capita cooking 
cnerg!, hleiald for d(illt'relt socioec(lIollic glItIIs was est iCte l is: 
landless, .' (: poor, 1.7 (;J: middle, 5.8 G 7.i Gj. Supplies of'(; and ridch, 
cooking energy otrlifferelit glolips \vc estiimated as: lattdless, 0.7 (;.: 
poor; 1.6 (41 middle, 5.2 (: ,ald rich1 3.8 (. A wide ga) betweeni tile 
demilald ;and supply otlcooking fuel lo' landless timiilies in )lianishiwar 
indicated he scarcity ofl hcir cooking fuel. 'he landless and p)or have 
t'od del icits, with dail food intake o1 I ,t()) kcal and 1,771) kcal lespec
ti\'el\, and obtain food and fuel fi.'oIt the rich in exchatge for labot' at 
the time of'peak demand ()avid II ughiart 1979). 

Two Surveys of Village Resources and Energy Potentials 

A 1978 st tl lv (Ntutil Islamn 1980) surveved t lie toIal ircs()lrces of' 
23 villages in one rura, area of sout hemn Blangladesh to (I)evaluate the 
current elerg sit nation, (2)assess t lie prospect ol'alternat ive energy 
technologies, (3) lest tile slrvey methodfologies 6or a countrywide rural 
energy survey, and (H1) use tile stirvey arca lir-long-term field testingof 
various aIternative technologies. 
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When the survey began, no previous study was available in Bangladesh 
to guide design of netitod..)logy. Since Ihey did not have access o pub
lished literature ofolher developilig couiiIries, tile Intilt idiscipliilary 
research team planned, designed, al executed ti1e survey based on 
muttial discussions. A detail discussion of methodological aspects follows. 

Two alternatives lot the survey's geographic coverage were considered: 
either a group of villages fromn tile same location or ai number of villages 
from different locations. The first alternative was choseii considering the 
importalce of rural institut ions in rural develo)ment and ii difusion of 
tech nology. 'lhe area of a 11ni0n ( usually about 15 villages) was considered 
appro)riate since village development is cont rolled and coordinated by 
thana-level officials through elected Union Council members. Nabagram 
Uinion of Barisal district was selected on the following criteria: it had not 
been surveyed heftore; it hal a traditional energy consumption pattern 
(no elect ricitv): and it was free from direct influence of urban and/or 
industrial center. Nabagram iUnion has 23 villages over an 8 sq mi area. All 
tile househols in the area were covered by tihe su ivev, identifying the 
traditional settlement pattern (iomiestead). The survey area is representa
tive of'a ti(fal /i1e. 
The data irthis suveyvwere collected thirough personal interviews by 

traitted investigators using a carefully designed pretested (it esioiuiiaiie. 
Two seniorlesearclhstaff supervisedt lie field data collection and !.cled as 

particil)ant observers iii special cases. Recruiting resident field ivestiga
turs fron tie project aiea wasJtudged desirable because ofthl .,::ture of 
the data and the project's long-term ol)ective. Considering tle educa
tional backgrotind and experience oft he investigators, the idea of coding 
the quest iot iaires was dropped during pretest ing. l)ata were codcd later 
by an analyst. 

A preproject couI'ise was armiigcd mi-field investigators. ()f'-12 partici
pants,20 investigators were selected, ote from each large village in tile 
project area. Each invest igator initially surveyed his own village and later 
transferred to ot her villages as necessary. 

Most ofthie hl survey was coinlucted luring tile 1978 rainy season 

(july-October). The rain meant reachIing tie respondents w%'as more 
diffictilt and field research staffsometiies had to(depend oni country 

boats fc)r transportat ion,but the rain also kept the resl)ondents at home. 
Also, rural people's r'esou ices, especially their cooking fuels, are more 
vulnerable during tie rainy seasoit. C(inSiuiptioll of indiviidual t'fmIs was 
recorded selmrately for tile wet and(dry seasons, based on reported and 
observed information tO- tile wet season and reported informatio fii 
the dry season. A second part of the survey was co(ducted in April 1979, 
during the dry season. Stove dimenlsions were then measured and utiliza
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tion oflI esoIi t(Ces WaS a Sesse1d. A sltlbseqtielit series of laborltor' andfield experiments was carried out to evaluate t ie fuel consIttIpt ioln'data
estimated I)y tile survev. III addition, tile perli C of IItaditiotal
cooking stoves was c'Villtltd istfe bsifo doveltopoteit aii tIll rovecllof 
stovo design. For moire details on ntethiodologv oft he st IulN, sel Islam 
1980. 

A similar tet hodology was used iIt survey of flmr villages of'
Kulaghat Union in Rangpur (list rict, innorthern Banglaldesh. A fiheld 
survey was carriecd out ii March -Julie 1981 (dry scason). lhe field
 
research supervisor o'fhe Ntbagraini stV 
 part ()1'.an newu l' .s othewise 
teatmt ofresearchers front ie (fiChctiicl Igitcering l)lrtment i tBangladesh Uni'irsityv of Eninccriig aild lt'chlology responsible for 
the study (A.K.M.A. Quader al K. I. ( )itar 1982).


l'Euble 2 suinitni-c-s iliporl'a tb lolts ofI
crlvalt hoIsc st ildies. Solini ofthe data from the reports (Islaun 1980: Qutader, Oimar 1982) have been
recalculated to reflect the same.basis. Neither survy area lias an clect ric
ity stpply or nearby reserve tiOrests, but Nabalgrali is located ill a moreforested region than Kulaghat. lhe average iminilmlt temprtature and
rainifall in Kulagha is less tlat.n Nttgratt. I'lic ittmbos (if houseIholds 
per homltistead it1 Nabagraii and Kulagliat arc 3.23 atd 1.5 respcctikcly.Ii Nabagrait, homesteads are butilt abovc flood levcl t rlised carl hlen

illoulids - illat1lii0'c (olClllltce ilpiltcltl. Iw t\-two
ta ld SetIleic 
percent of the households in Nabagrait are laIndless ,aid3.1 lircent alrelandless in Kulaghat. (CattlcpopulatiOtn per acle and per perlson is slightly
higher in Kulagli, but altmtost thlIe samue pcel age oflt'huscholdls have
 
tio cattle. Since a iutatilk-sic hiuogs plalal 
 nceds the hintg fro 1tfou1tlt0
lmore head ofttle, oil' 11 prcent othlie houscholds inNabagrain and 
1.tpercent ill Kilaghlat call install a fiuilv-siz Fl,.1)1:

lrolortionately, Nalkgratt lias slight oie [ic tcresoillres but a
tsmaller Fproport ion oflaitbto bushes.Fift \-svew p trcent
of Nabagram's


trees are fruits and timber: ii Kulaglhiat, 65 pecrclt are betel nut. Naba
grat has two poitds per hoiecstcad and Kulaghiat 
 has 0. I. Mai\ Naba
gram polds have been dug to make the carlh mound to situate at lotle
stead above flood levc. K ulaigliat's fewero poIds are augittCid bv a

higher proport ion olt tbewells as a soultce of ('drinkingwater. Ill bth titlte
locations, roofing matrial s of tiost houses are of biomtass sources. ()ld

ro fing inaterials are 
used iscookit g fuels aftet periodic roof tellr's.
Most households itt both areas have ait inadequate local suFply of 
food grains. 

Average yearly coilnsumpilition of biomass fuel for household cooking was353 kg/persoi inl Nabagran and 63-I kg/person in Kuilaghat. I fousehold 
cooking includes cooking food, parboiling paddy, atndtmaking ghiuir 
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TABLE 2.
 
Summary of Resources Survey of Two Rural Locations of Bangladesh
 

Description Survey Locations
 
Nabagram Kulaghat
 

Number of villages surveyed 23 4 

Total area of survey villages (acres) 5,120 1,845 

Number of homesteads 871 638 

Number of households 2,820 954 

Population 
 16,228 5,301
 

Households per homestead 	 3.2 1.5
 
9.0% 67.4%
Homesteads with single household 


Households with no cultivable land 	 22.0% 
 34.0%
 

Family size (persun/household) 5.8 5.6
 

Persons per acre 
 3.2 2.9
 

Cattle per acre 0.65 0.96
 

Cattle per person 0.21 0.33
 

'Mouseholds having four or more cattle 11.0% 13.7%
 

.Duseholds with no cattle 	 55 51
 

Tree Resources Types (trees/person)
 
Fruit and timber trees 5.0 ( 57%) 1.1 ( 16%)
 

Palms (betelnut, coconut, date palm) 2.9 ( 33%) 4.8 ( 66%)
 

Firewood and other trees 
 0.9 ( 10%) 1.3 ( 18%)
 

Total trees 8.8 (100%) 7.2 (100%)
 

Bamboo (bushes/person) 0.17 0.33
 

Housing and Services
 
Dwelling house per household 	 0.99 1.7
 

Kitchen per household 	 0.83 0.71
 

Cowshed per household 	 0.41 0.5 

Open yard per household 	 0.63 0.75 
Open yard per homestead 2.04 1.11 
Kitchen yard per household 0.73 0.36 

Ponds per household 0.64 0.07 

Ponds per homestead 2.00 0.08 

Tubewell per homestead 0.03 0.05 

Persons per tubewell 213 118 

Building Materials and Roof of Different Houses
 

Pucca 
 0.6% 0.06%
 

Galvanized iron sheet 
 20.0% 12.0%
 

Tiles 
 11.0% 0.1%
 

Biomass (straw, grass, leaves) 68.4% 88.0%
 

Food Grain Supply Situation
 
Households growing more food grain than own need 	 3.5% 14.0%
 

Households growing sufficient food grain 13.5% 14.0%
 

Households having deficit of food grain 
 66.0% 42.0%
 

Household not growing food grain 30.0%
-
17.0% -


No response 


Average Annual Fuel Consumption
 
Biomass fuels for cooking (kg/person) 353 634
 
Kerosene for illumination 	 12.7 8.15
 

(Imperial gallon/household)
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Average Annual Fuel Energy Consumption

Cooking fuel (GJ/person) 

Illuminating fuel (GJ/person) 

Total fuel energy (GJ/person) 


Types of Stoves Located Inside the Kitchen
 
(stoves per household)

One-mouth insitu 

Two-mouth insitu 

One-mouth movable 

Tafal insitu 

Three-stone temporary 

Kerosene 


Types of Stoves Located in the Kitchen Yard
 
(stoves per household)

One-mouth insitu
 
Two-mouth insitu 

One-mouth movable 

Tafal insitu 

Three-stone temporary 


Cooking Fuels Consumed per Person in Wet Season
 
(_Jsix months)

Firewood and branches 

Leaves 

Agriculture residues 

Animal residues
T t l0.05 

Total biomass fuel 
in wet season 


Cooking Fuels Consumedper Person in Dry Season
 
(GJ/.six months)
Fir,-od and branches
Leaves 


Agriculture residues 

Animal residues 

Total biomass 
fuel in dry season 


Illuminating Devjces (per household)

Open wick lamp 

Glass chimney fitted lantern 


Zonal Information
 
District 

Population density of 
the district 


(persons/kn 2
)


Average minimum temperature (F)

Rainfall (cm) 


Siource: 


4.9 
 8.1
 
0.4 
 0.24
 
5.3 
 8.34
 

1.17 1.14
 
0.25 nil
 
0.11 0.013
 
0.02 0.002
 

nil 
 0.03
 
0.016 
 nil
 

0.92 0.6
 
0.016 0.l
 
0.06 0.06
 

nil 
 0.4
 

2.1 	 ( 84%) 2.3 (59%)
 
0.05 	( 2%) 5%)0.2 

0.30 	( 12%) 1.3 ( 33%)

( 10.0 	(12%)2%) 0.1 (33%)( 3%)
 
2.5 	 (100%) 3.9 (100%)
 

0.87 	(36%) 1.9 (45%)
 

0.46 	(19%) 0.4 10%)
 
0.890 18 	(37%) 1.8
( 8%) (43%)
0.1 2%)
 
2.40 	(100%) 4.2 (100%)
 

2.45 2.05
 
0.56 0.39
 

Barisal 
 Rangpur
 
578 
 566
 

71 
 68
 
216 
 198
 

Statistics for Nabagram 
are from (Islam 1980); for Kulaghat, from
 
(Quader, Omar 1982).
 

(Cru(e sugar). All ae'age of 15 to 20 percent of'biomass fuel consumed inrural areas is required for parboiling of paddy. Except in the districts ofChittagong and Sylhet, parhoiling is practicedl throughout Bangladesh.
Parboiling is a method of precooking rice in the husk with water andheat that hydrates and gelatinizes tile starch kernel. This process eases
dehusking, reducCs grain hreakage, and improves storabilit y. 
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The higher pet'capita fuel consumptioli estimated inl Kulaghat may Ile 

attributed to 

1. Seasonal bias in fuel estimation by the users. The Nabagram 
study was carried ou itnirainy season and Ihe Kulaghat study was 
carried out in dry season. Normally cooking fuel is scarce in the 

wet season and abundant in the dry season. 
2. Higher availal)ility ofagriculturo residues ( jute sticks) at the 

lionleslead level. 
Higher consiinption of fuel for water heating and body warming 
(fle to low wiinteri teln)eratifre. 

4. Use of less efficient cooking devices. 

Most stoves used in both tile areas are i,,it, built. (;enerall, one
inouth stoves are used for daily household cooking; other tvpes, such as 

two-Inoutih stoves anfd Ihree-stone sloves, are used for paroiling and 

ghur making. More oie-mouth stoves are used in Nal)agrani than in 

Kulagliat. The numbers ofsoves inside tile kitchen (wet season) and 

outside the kitchen (dry season) difftr between tie two areas. Notably, 
in Nahagram two-mouth stoves are lisod outside by nine in every tell 

households aid inside by one in every four households, mainly fio' 

parboiling paddy as well as other cooking tasks. 'lhere are ,10 two-iliol i 

stoves iin Kutlaghat. 'hiere, two of'evcrv five households have three-stone 

stoves fol par)oiling paddy. Ilwo-,nout o stoves may collnsune less fuel 

than three-stone stoves because oflthe Ol'llmer"s partially shielded comibus

tiol chamiber. This di ffe'ence ii iglit have coni ribuled to lower per capita 

f'uel colistilIl)tioll ill Nabagram. 

Variations in stove design fo (loiesticcooking may he attributed to 

specific cooking needs, (furation ofcooking, Iyps of fuels, and cultural 

practices. Varieties oft raditional wood-burning stoves observed during 

field visits may be classified as with or without grate; single or multiple 

lilouth; below or above ground level construction; and small or large. 

Figures 1, 2, and 3 show types ofone-mouith, two-ilolithIi, aiid three

imouth stoves used fit' (lestic cooking ill rural Bangladesh. Use oftwo

and three-mouth stoves is common in areas where long straw (1 .5 Iii o

3 11101' longer) available fron (feel) wateri paddy is used as fuel, such as in 

Comilla (list ict. In tie'bant areas ole-mout Ii stoves are mainly in use. An 

assessmeint of variation in local practices of stove (Ise call be a good basis 

for f'uture research on diffusion of'iiiproved stoves. 

'I'he small seasonal variation of fuel consumption observed in the 

two survev areas ilia' be attributed to seasonal variation of operational 

efficiency of'sloves, or to limitation of ilethods tised ill data collection. In 
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Figure 1.One-Mouth Stove 

Nabagram, the average operational hours of'stoves are longer in the dry
season -sometimes ipto 8 to 12 continuous hours (tue to parboiling
paddy. In addition, comparatively dry fuels are used in this season. Ilthe 
wet seasol, stoves are used internlittentl)' and comparativelv wet t'els are 
used. As a result, with nearly the same estinated fltel collsu Inlptioll, iore 
cooking might have been perforined in the dry season due to an average
higher end use efficiency. This attribtlOll needs expevimental verifica
tion to ascertain the effect of seasoial ten perature variati)n oil Fuel 
consu Ilpl ion. 

In both studies, at the thne ofstirvey the respondents were asked to 
estimate the amount of fuel consumed in the (ir) season and in the wet 
season. Respondents might have equally divided their yearly fuel con
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Figure2. Two-Mouth Stove 

stmptl ion at the tfine of reporting. Re!iable estimation of seasonal varia

tion of 'uel conslttlption requires dai, collect ion in diflerent seasons. 

The pattern of per cal)ita fuel constinption in households of(lifferent 

size in four villages of Nabagrain is indicated in lable 3. L.ess fuel per 

capita is consumeld as ti',, nuniber of persons per household increases, 

ilmplying an econouy of'scale in cooking. 
Per capita consttiiption of food andtFuel ofta particular village of' 

Kulaghat is shown in "able 4, according to landholding size. Per capita 

consumption of household cooking fuels increases as size of landholding 

increases from 6.91 GJ /year fOr landless to 16.9 G] /vear for landholdings 

of 10 acres (Quader, Omar 1982). Higher per capita fuel consumption by 

households with larger landholdings may be attributed to higher amtount 
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oF foodl cooked and t.) increased fNIarhOilinig and ghur mnak ing.
C;alor~ic f'ool int ake per person also inc:reases with increase of land

holding size fr-om 2.9 G' /year (1,910 kcal/day) for landless to 5.8 GI / 
year (3,800) kcal/dav) for land holdings of' 10 acres. H]igher pert capita
food Consunp byEionholsehiolds with larger landholdings may be 
attributed to bet te: accessiiljlt y as w~ell as to tlie method0( of paymient to 
agriculturze laborers. In Bangladesh, agr-icult ore lalborers t radlitionally are 
paid partLly cash and part ly wit Ii food. IThe nutnf)Cbr of meals provided
with part cash payDnit ay vary from one to three meals i day, depend
ing upon the locale and season. Per cap~ita food consump~tion has b~een 
estimatedbsy dividing the yearly tod consumption reported by the 
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TABLE 3. 
Per Capita Consumption of Cooking Fuels in Four Villages of Nabagram
 

Number of Fuel Consumption
 
Household
 
Members Village 8 Village 9 Village 20 Village 22
 

GJ/year
 

I - - 11.00 10.90 
2 7.56 8.91 7.40 6.77 
3 4.46 8.44 5.29 5.93 
4 4.37 8.44 5.14 4.44 
5 4.04 6.45 4.25 3.49 
6 4.05 5.80 4.60 3.28 
7 3.25 5.60 4.50 3.65 
8 3.14 4.68 4.90 3.55 
9 2.18 7.20 3.84 2.75 

10 3.29 5.27 - 1.38 
11 2.28 - - 1.80 
12 2.33 4.99 - 3.49 
13 5.98 3.48 - -
14 1.73 - -
20 4.98 - 5.35 -

Weighted Average 3.43 5.93 4.80 3.82
 

Source: Figures are calculated from Islam (1980).
 

household )y the nuinl)er of pernianient household members. Amounts of 
food consume(d Iy casual laborers IhI is may contribute to the higher per 
capita food consumiiiption estilmate fior larger landholders who emj)loy 
them, and lower per capita food in liI own households. 

Another factor may (contributeto the ]lower per capita fo()d colsuip
tion indicated for landless laborers. At titnes of'acutely scarce eml)loy
ment within a village, they II ignite temporarily to ot her villages or to an 
urban area in search of'jobs. Ykiil-lv food ConsunIpItion reported by the 
household would normally include only the amount consumed by them 
during their st av in the village. 

Wood and Bamboo Consumption Survey 

The Institute of'Statistical Research and 'raining, )haka University, 
designed and executedIa survey oi Rural Consumption of'Wood and 
Bamboo in Bangladesh for the Forest ry Section of' the llanning (ommis
sion, in conjunction with tile Food and Agriculture Organization (FAO). 
'he basic framewc was a stratified, three-stage, self-weiglte( sample 

of 6,000 househ(, .s selected from ,3(4 villages in 47 thianas. Six major 
zonal stratifications were used. Four of them were based on ecological 
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TABLE 4.
 
Distribution of Food and Fuel Consumption in Sakoa Village
 
of Kulaghat Union by Landhulding Size
 

Farm Size (acres of cultivable land)
 

Description 	 Land- 0-0.5 0.5-1 1-2 2-3 3-5 5-1" 10+
 
less
 

1. Acres/person 	 0 
 0.05 0.14 0.30 0.41 0.47 0.87 1.34
 
2. Cattle/person 0.04 0.06 0.29 0.38 0.31 0.37 0.71 1.04
 
3. Tree/person 3.1 9.1 14.60 23.40 18.70 18.40 22.30 23.40 

GJ/year per capita
 

4. Food consumption 	 2.9 3.39 3.46 3.48 3.64 3.40 4.16 
 5.79
 
(rice and wheat)
 

5. Food cooking fuels
 
a. Firewood 1.66 2.11 2.27 
 4.38 3.17 3.02 4.84 4.54
 
b. Branches, twigs,
 

leaves 2.72 2.42 2.12 
 2.42 1.97 1.51 1.66 2.72
 
c. Agriculture
 

residues 2.26 2.00 1.88 2.14 2.00 1.88 2.26 3.26
 
d. Total (a+b+c) 6.64 6.53 6.27 8.94 7.14 6.41 8.76 10.52
 

6. Fuel for parboiling 	 0.27 0.53 
 1.07 1.73 2.13 2.27 2.67 4.00
 
7. Fuel for ghur making - - - 0.15 0.07 0.30 2.16 2.38 
8. Total household cook

ing fuel (5+6+7) 6.91 7.06 7.34 10.82 9.34 8.98 13.59 16.90
 
9. Kerosene for
 

lighting 
 0.20 0.20 0.20 0.30 	0.28 0.30 0.31 0.48
 

Source: Figures are calculated from Quader, Omar 1982.
 

Note: Total households, 250; total population, 1,407.
 
Caloric value of rice and wheat - 14.8 MJ/kg = 3,540 kcal/kg
 

characteristics; one, on type of"urban fringe" area; and one, by )proximity 
to reserve forest. The field survey was carrie(l out iu January and Febru
ary 1980 (the (Iry season). 

The methodology ofdata collection and the survey results have been 
compiled in a series of reports (FAO 1980, FAO 1981 a, FAO 1981 b, and 
FAO 1981c). Two types of household questionnaire were used. The main 
questionnaire was based on rel)orted and observed in formation collected 
by personal interview for the entire saml)le. A full measurement question
naire was based on measured information and was applied to a sul)sample 
of 1,200 households. (The latter was primarily designed to calibrate the 
result of the former.) The items included were 

1. Quantity of fuel consumed yesterday, last week, and last yeamr 
2. Separate fuel consumption data fir fuelwood, branches, other 

parts of trees, bamboo, agriculture and animal residues, waste 
papers, charcoal, oil, and gas. 
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The questionnaires did not mention specific end uses of fuels, such as 
cooking and lighting. 

Salient points of' the observed results follow. Average annual f'uel 
consum)tion was 501 kg/person by the daily recall method and 360 kg/ 
pers(,n by the yearly recall method. The higher estimate by the former 
meth1od probably reflected the f'uel use pattern of' the (Iry season, when 
the survey was made. 

According to the data ('Iable 5), per capita consuniption ofbiomass 
fuels decreases as landholdings increase: 5.4 (J /year for 0. 1 acre land
holding size to 3.8 ( /vear for landholding size of'7 acres and above. The 
figures are opposite to those of Quader and ()mar (1982). Loower per 
capita fuel consumption by higher latndhol(ling group has been attributed 
to economy of'scale of 'cooking, variation ii type of'Hod cooked by 
diflerent landholding size, and higher technical heat utilization efficiency 
of the type of fuel used by higher income group households (FAO 1981 a). 
According to 'liible 5, per capita consumption othlie low-grade biomass 
fuels (residues, twigs, leaves) decreases with the increase of' landholding. 
Per capita fuel consumption and its composition, howeve; also depend on 
specific location. Interpretation of data aggregated by landholding size 
for' the entire country isdificult. Fuel consumption (h'ta oftdiflerent 
agroclimatic zones tabulated separately by landholding size would have 
been more usef'ul. 
The average per ca pita fuel consuimption estimated by the study was 

4.4.1 GJ/year. The amotun t and type of'est imated fuel use varied by 
region ('liblc 6).The estimated per capita consutition of' Region 2 was 
the lowest (2.95 G.J/year), which may be attributed to its location in a 
poorly fo'ested area. Region T'sest imated per capita fuel consunmption 
(3.77 (,l/vear) and estimated tree fuel consumption (210 kg/ear)(FA)
1981 a) were similar to Islam's estimates (1980) of' 4.9 GJ/y'ear and 229 kg/ 
year for 23 villages ii the same region. In Region 5, higher per capita fuel 
consumptiotn (4.85 ( I/year) may ref'lect higher availability of' ree Ifuel 
(43 percent of'total biomilss fuel). 'lhc highest per capita fuel consttiil)
tion, 5.23 (./year in Region 6, was attribluted to the effcct of'urban
induced high income (FA() 1981 a). 

The st udy did not specify end uses ofkerosene. Al though kerosene is 
used in rural Batngladesli mainly for light ing, aggregating kerosene with 
gas and charcoal has made it difficult to analyze their consumption 
pattern. Even though a systematic statistical proceduree was followed in 
the survey design, this particular set of data lost its useful meaning due to 
method of' presentation. 



68 Riiriil Energy to Ncet l)evclh)oien Nee(Is 

TABLE 5.
 
Composition of Biomass Fuels Consumed in Rural Areas of Bangladesh
 

Type of Biomass Fuel
Landholdine 
 Grade 1 
 Grade 2 Grade 3 
 Total
 

Other Biomass
 
Parts
Acres Firewood Branches 
 Bamboo Total Residues of TrISc'
 

GJ/year per capita
 

0-1 0.51 
 0.65 0.38 1.54 2.24 1.63 5.41
1-2 
 0.36 0.83 0.48 1.67 1.87 
 1.54 5.08
2-3 0.51 0.68 0.51 1.70 
 1.87 1.28 4.85
3-4 0.41 0.76 0.41 
 1.58 1.66 1.08

4-5 0.57 0.66 0.36 

4.32
 
1.59 1.57 
 1.07 4.23
5-6 0.76 0.71 0.48 


6-7 0.59 0.68 0.50 
1.95 1.39 1.03 4.37
 
1.77 1.58 0.79 4.14
7+ 0.82 0.95 0.35 2.12 0.94 
 0.75 3.81
 

Weighted
 
Average 0.54 0.74 
 0.42 1.70 1.80 
 1.32 4.82
 

Source: 
 Figures are calculated from (FAO 1981a), Yearly Recall Data.
 

Note: Firewood is wood from the main trunk of a tree. 
 Branches are large
branches 
cut from a tree. Residues are agricultural and animal residues.

Other parts 
of trees are defined as small branches, twigs, leaves, 
and bark.
Grade I fuel quality is superior to Grade 2 and Grade 3. 
Grading has been set
by me based on my experience. (See Note 2 at 
the end of this chapter for

conversion factors used on original 
fuel consumption data.)
 

Rural Energy Survey 

The Centre for Policy Research (CPR) al )haka University publishecl a 
report on a rtral energy strvev of 23 villages in nine districts of Bangla
desh (Ataur Rahman 1982). The survey data were collected between late 
1980 and mid 1981, over three diferent seasons of the year: winter 
(I)ecember), stllllmer (April),and rainy seaSon (July). In each period
the survey took two weeks. 
The entire area of Bangladesh was divided into five geographic grollps

with these characteristics in Illind: (a) florest areas, (b)densely populated 
areas, (c) coastal areas, (d) land lokling patterns, (e) development activi
ties, and (f) selected soc ioeconomic (:haracterist ics. Of"1,200 households 
selected for the stur%'ev I ;tthree-stage stratified sampling process,
complete dat a were availahle ior 760 hotseholds. Responses from tile 
rest were nlot obtained due to migration, tetnporary absence (uring
interviews, and lack ofcoinimmtication with interviewer. 

Fuel consumillption data were gathered only for hotisehold cooking.
Biomass ftlels in lie questionnaire itcltuded wood from main trunk,
branches, leaves, bamboo, and agriculturial residues (piaIdy straw, bagasse,
anitnal dting, other crop residties). Also incided were charcoal, kerosene, 
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TABLE 6. 
Household per Capita Fuel Usage, by Regions of Bangladesh
 

Fuel Consumption Regions
 
Type of Fuel
 

1 2 3 4 5 6
 
GJ/year
 

Firewood 0.79 0.88 0.84 1.20 2.07 1.99 
Other Tree Fuel 1.42 0.79 1.22 1.22 1.04 1.0 
Residues Including 2.84 1.28 2.43 1.35 1.74 2.24 
Bamboo 

Total 5.05 2.95 4.49 3.77 4.85 5.23 

Source: Figures are from FAO 1981a
 

Note: Region I : Rajshahi, Bogra, Rangpur, Dinajpur (northwect)
 
Region 2 Kustia, Pabna, Faridpur, Jessore (west)
 
Region 3 : Mymensingh, Dacca, Comilla (north central)
 
Region 4 : Barisal, Patuakhali (south)
 
Region 5 : Khulna, Sylhet (forest fringe)
 
Region 6 Dacca, Khulna (urban fringe).
 

Heating values of fuelwood = 12.87 MJ/kg, twigs and leaves - 12.87 MJ/kg 
and cowdung = 11.63 MJ/kg used by the study (FAO 1981a) in this table 
are different from those used in previous tables (see Note 2 at the end 
of this chapter). Due to unavailability of raw data, it has not been
 
recalculated.
 

petrol and other oils, and elect ricity. No mention was made about fuel 
used for household lighting. 

According to the survey, the potential per capita availability of fuel 
energy from tree biomass was estimated as 4.1 GJ/year. Howeve; the 
report did not explain the method of estimating standing tree biomass or 
state the heat values used for calculation. The composition of sources of' 
supplies fr cooking fucl was tree biomass, 56 percent; crop residues, 38 
percent; animal dung, 5 percent; and kerosene and charcoal, I percent 
(Rahman 1982). The study reported that 61 percent oftlie families tused 
fuelwood for cooking in the rainy season compared with 39 percent in the 
winter and 38 percent in the suimmer. Seventy-six percent oft he fInailies 
used paddy straw for cooking in winte; compared with '28 percent in the 
rainy season and 36 percent in the summer. Similar seasonal variation was 
observed ftr leaves used for cooking. 

lotal energy used by respondent households reportedly was 1,700)GJ/ 
year. Various end uses were household cooking, 72 percent; fertilizel; 22 
percent; and rural indust ries, 6 percent. Without ex)laini ing h, basis, the 
study reported estimated fuel use per capita for cooking as 1.6 GJ/year
a wide discrepancy from estiniated fuel consumption reported in the 
same table (Table 4 in Rahman 1982). Even t lie higher per capita fuel 
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consumption estimate of the study is much less than any of the previous 
estimates. Without statistics of'the original weight of fuel and the corres
ponding calorific value, nothing can be inferred about this wide differ
ence in estimated fuel consumption. 

Energy consumption per household was reported to increase as the 
amount oflar d owned increases. The percentage of fuelwood, straw, and 
kerosene of total fuel consumed increased with the increase oflandho!d
ing size. However, use of' branches, leaves, and cow dung decreased with 
the increase of landholding size. 

Households in districts with more forested area (Chittagong, Sylhet, 
and Barisal) consumed more fuel than did forest deficit districts (Pabna 
and Bogra). Districts with larger supplies of food grains used a higher 
proportion of straw for cooking (Rahman 1982). 

The study made the following recommendations: planned, efficient 
land use for agricultural yield and energy plantation; plantation of fast
growing trees; diffusion of improved stoves; and massive inputs of new 
energy sources to improve the quality of life. Long-term recommnenda
tions ofthe stud)' included rural electrification and expanded rural use 
of natural gas. 

ASSESSMENT OF ENERGY STUDIES 

Eight studies are available in Bangladesh for deriving estimates of' 
rural energy use. Estimated per capita consumption of biomass fuels for 
cooking and their composition vary according to the particulai study (see
Table 7). Definitions of fuel types differed so composition is only roughly
estimated. Because of widely varied objectives, scope, and methodologies 
(Table 8), the studies do not provide a reliable overall database for 
formulating policy on rural energy. This section aims to assess critically 
the strengths and weaknesses of previous studies with the obiective of 
providing a guideline for future rural energy studies. 

Study Objectives and Scope 

On the basis of diftcrences in objectives, previous rural energy studies 
can be classified into two groups: policy formulation ((;OB 1976, FAO 
1981a) and research to assess energy needs ('l'yers 1978; Briscoe 1979; 
Islam 1980; Rahman 1982; and Quade; Omaar 1982). 

The Bangladesh Energy St udy (BES) attempted to formulate an 
overall national energy policy (GOB 1976). I)ue to easy availability ofdata 
on commercial energy matched with the experience of experis, a detailed 
analysis was made of'the commercial energy sector. Since data were 
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TABLE 7.
 
Composition of Biomass Fuels Used For Cooking in Bangladesh
 

Composition of Sources of Biomass Fuels
 
Agriculture Animal Per Capita Fuel
 

Reference Tree Residues Residues Total Consumption
 

Percentage GJ/year
 
(on heating value basis)
 

(GOB 1976) 12.5 62.5 25 100 2.8
 

(Tyers 1978) 7 b6 27 100 5.0
 

(Briscoe 1979) 36 61 3 100 6.8
 

(Hughart 1979) 4.3-7.6
 

(Islam 1980) 71 24 5 100 4.9
 

(FAO 1981a) 63 37 + 100 4.4
 

(Rahman 1982) 57 38 5 100 1.6
 

(Quader, 59 38 3 100 8.1
 
Omar 1982)
 

+Included in agricultural residues.
 

Note: Tree: firewood, branches, twigs and leaves; agriculture residues: rice
 
straw, rice hulls, jute stick, bagasse, and other crop residues; animal
 
residue: dry cow dung.
 

absent and understanding of rural eIlergy needs was Iim ited, a siIl ified 
method based on stil))ly-side estimalioln was tised to approxinate tradi
tionlal fiel use. From a national energy planning perspective, BES 
provided useful policy guidelines for development of ominircial energy, 
bill its contriblit ion to de'ehpment of traditional energy was not eflec
live.Although apiproximate, as the first ol'its kind, tlie BES est inlatc of' 
traditional fuel supply was used by later studies as a basis otr comparison. 
Its results subsequently have been shown to be "highly misleading" and its 
supply)-side estination methods have been Illlt'i'd ''1o a iahkl subs;i1i11e 
for direct consumpt ion estimation" (Jaiies Douglas 1983). 
The BES report suggested that ;adetailed rural el'rgy st l('he made. 

This could have been a very' usefutil input informiulat ing rural energy 

policy in the Second Five Year Plan, but such a st udv has not been tinder
taken yet. Reasons for not tndertaking a rural energy sitidy nay include 
lack of financial resources and shortage of rained researchers. Eight 
years have passed since the first national energy study was done: enough 



TABLE S.
 
Methodological Cooparison of Energy Studies in Bangladesh
 

Reference 
 Objective 


GOB 1976 	 Assessment of energy con-


sunption and sources for 

policy formation.
 

Tyerv 1978 	 Research to assess 
rural 


energy need.
 

Briscoe 1979 
 Research to assess 
rural 

energy need. 


Hughart 1979 	 Village energy 
balance. 


Islam 19b0 
 Research to assess 	rural 


energy need and poten-

tial for introducing new 

energy technology. 


FAO 1981a 	 Assessoct of supply 

sod demand of forst 

products f(r policy 

formulation in 


forestry. 


Rahman 1982 
 Research to assess 
rural 

energy need. 


Quader. Omar 	 Research to assess 
rusal 

1982 energy need and poten-


tials for introducing new 

energy terminology. 


Scope 


Entire country 


Rural Bangladesh 


46 households from one 

village, 


Total census of '7 

h.ouseholds in one
 

village.
 

Ttal census of 2.820 


households 
in 23 vil-

lages in one area 

(Nabagram Union, 

Barisal District). 


Main survey covered 

6.000 householdu. 

fro 430 villages o 

18 districts. F:-.d 


noasurent.L 20
 
households. rhree
stage strati:ied random
 
sample coverng whole
 
country.
 

760 husehold; froo 23 

villages of 9 dis-

tricts, seIected by 


three-stage stiatified
 

random saopling
 

Total census of 9Ju 

hoaseholds of 4 vil-

lages in one area 

(Iulaghat Union, 


Rangpur District).
 

Method
 

Supp.,y side es:in..tson of traditional sources 
from aerial
 
photograph.
 

Secondary data.
 

Participant observation and fiel 
 measurement by
 
principal researcher. Survey duration: B-1/2 months 
(May 1977 through January 1978). 

Unknown. 

Data collected through questionnaire and participant
 
ubsetro: 2 field supervisors, 20 field
 
investigators. Data analyned nanoally by 8 data
 
analysts. Survey duration: July through October
 
(rainy season) 1978 ard April (dry season) 1979.
 

Rr~a collected through questionnaire by 2 field
 
coordsnaoes., 14 sopervisors, 
and 70 field investi
gators. Data analyzed by coofuter. Survey duration:
 
January through February (dry season) 1980.
 

Data 
collected through questionnaire by 25 investigators.
 
Survey duration considered 
the effect of seasonality:
 
wnter (December). suommer (April), rainy 
season (ut.ly).
 

Data collected through questionnrire and participant

observations 
by 2 field supervisors., 12 field investi
gatirs. Data analyzed manually by 3 data analysts.
 
Survey duration: (Marco through July 
and December 19R1).
 



Cr'itical Assessment ot'f magladesh Sit aton 73 

time to train a group of indigenous experts. Because of'weakness il 
science and technology policy planning, however; the count ry is in no 
better posit ion with respect to trained personnel for energy assessment 
than it was eight years ago. Any research cal)abilities developed in the 
energy field in this perod have been the result of individual researchers' 
initiative and not pait of nat ioial research planning. Prefi'rences of 
individual researchers have reshilted in a general bias towardls develop
ment of particular energy technologies. Few indigenous researchers have 
been involved in policy-orieited energy research. The qualit y of'their 
work and its application in policy frintilationt have sufTeedcldue to lack 
of coordlination. 

)ecision makers have an in herent preference for energy st lidies 
carried out by expat riates. [his helps t hem mobilize scarce financial 
resources neeled fOr the sturvey. It also assures ttrther funlds f,1 itmiple

itenting pro.jects idenlified by the suivey. This atllit ude of'fecision 
makers matches tihe mt look of'extern il uding agencies, who are olten 
more confident alh)it the capability ofexj)atriates t han local expeis. 

The oblect iye of rut-al energ,' st udies should be not otl' to estimate 
energy stlpl)l\' ;lad delitatl btllso to (fevelop a systC that is sociallv 
anl CLltturally acceptable to Iteet It tire nieeds. Il tihis iegard, expatriate 
experts find liimited acceptabilitv oft heir suggested tchliological sol Li
tions. In the alsenice ofcoimpielensive rural energy assesstieit, decisions 
about sti)lplviig Itet-gvfbrm'ural areas are made on atl al hoc basis. 
Projects %ithi extt-nal fndiit g p ospetts get priority iii decision making. 

The BES as well as policy actions rcgarding national energv plaming 
Ipx'ide sme (it-ectiois coniceriliig ihe(o)jectlives and scope oft[i tur 
energy stuidies. Adequate attention sliould be givett tassessmenlt'tmi ,l 
energy. Natintal energy suir'.ys should nwt be cottsidereld a once-in -a
while adlhoc exercise. "l'iteseries data gal hering is required fbi- Img
terim euergv l)lat nitng aId fbi assessing the effect of sfol-l-terit plans. 
Appropriate institt lotis mtust be selected atnd people itrainted to coltdict 
energy surve\s at rcgular intervals. Il addition, etiergv dentatid and 
supply dlata ulay be gathered as t part ofot het ational surveyvs (e.g., 
agiictilt it-al. frestrv, livestock. iluit ritlii, htusehold extl)eidituite, 'it(l 
industiies stirve's). This woulf ofcoiidst req u ie l<cose collaboration 
aitoig ulifferent agticies to( iiake 'a(jtistniisio- the various sanplin g 
(lesipns used in collecting primatrv dlata. 

The Wood atnd Bmutluo (uisiilptioit Suvety\ (FAO) 1981. ), designed 
to ri-ovidle a database fn- planitimtg tle Forest r Sectoi; had lititiois 
discussed ea-lie in, assessing iutal energv need. With modified question
naires, inftrmatioitn t ertain aspects ofi-Lral energv use could be 
obtained. A separate document (FA() 1980) has critically reviewed the 

http:suir'.ys
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Incilmdolop (ofIIIc Im.c."ll sillw\ ;tIld stl -,gcsfcd lIIIcgI Mkm (d 1()T.(.Sl I\ 
SIM IsI It's wif 11ill ()III 111111lig agriclill ill JsIII\c\ 111)(I I.IIvI %%III) I-Iif al
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4)1 Im c"I (1111;1 1111clat IMI 
w Im.; I I agrm I i I I I; I I U. L I It (Ilm I (I I I Ig, ;111(1 11scI( 11.11 1 Io. Ic I Ist it N. 

I'lle 1,111POI (Alla. ()It I mill 1()Il;tl clicl g\ SmIk (INill sillyk mg Ihc lotal 
ellerg 'v liccd \ ils 1"It-Iml icd hN BES, 1978) pmlllcd ()Ill Ilic I.I.sk III 
declining It'sidtic ill] '111(opli'm Id lligh-%Iuld, 
sll()I.I-Sll.;I%% ('11y"'. Sla 11(A)"cl \aIlmIN Ill Ilic Illai, 1() luwl If(- 11w mIc(III'lic 
IM. making spc( Ili( 1)()Ilt.\ (1(-(INIMIS. 

The 0 sill(IN (m palicril's ()!v)]cI g\ [IS(- Ill IS III)IINclicylds I BI ISMC 
1979) pm%Ided Insig Iii ()II clicl p I I allsm I I( of IN(d (lilt(. I(.I I I Not 14)(,(()1 till I I it 
groups, ahlimigh Ilic SiligIc sI tl(l\ \ illlge ( Mimm he JNstimcd 1()he IcpIC_ 
scillat [\(.()I w llcl \ illago..". I IIIN lo, pc (ol SI 11(k Il'IN mv) it Ill HIcill if\ Ing illc 
socioctill Lit al Im [()I,, Allc( filig I lic (1111 IlsIf ill ()It(-( Illm1f)p Ill I ill A .11-cils. 
Ac[I la I I I Ivas I I It. I I I, -I I 1 0 1lit- h mIN I I I I Ipf to I I and p, I I IRjp II I I I I() II h\ 
Ilie rcscarcllcr fill. Ilit. Iwal pcI ]()(I ()Is[ 11(k ;Irc Ow fw( distilict Illctlmd
()1()gl( a Idif ft'I'CI R CS IIM I 1 011 R I NI'IdICS. I II(PW ISIW( IS CIII idw (I IIit
(pudIt,%0 wm-k at Ilit' CXIWIIsv ()I hight-l- pel I(.()St. 

Two) fillcl-m-c-gioll sill-NeYs ( INIam 1980: mid )ti;idcr. ( )mm- 1982) 
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undertaken by tile Chemical Engineering )epartment, Bangladesh 
University of Engineering and lechnology; focused on the interrelation
ships between diftlereit village resources and energy patterns. These 
st tidies covered the first plhase of intro(lucilig iltertiat ive energy technol
ogies. Lack of continuity of research funding, howeve; handicapl)ed the 
testing of various energy technologies in selected locations wit hin the 
survey villages. 

Both macro- andiil icrostudies are InctSS;i-N'f')l"national energy 
planning. Macrostudies are needed to assess regional and national 
demand and sup)ly to fornIulate national energy )olicy. In a rural 
context, microstudies are essential to understanding energy needs of 
diflkerent socoeconomitc groups iirelat ion to their cult ural background. 
Assessing the potential of various energy technologies and designing their 
delivery system also requires inflow of knowledge fronmhicrost udies. 

Factors Influencing Energy Use and Sample Design 

Household cooking fuel consun ption is a cent ral concerntif 'ttal 
energy st udies From available st Ltdies, faictors ilW,fl ing p.r c;apitla e'llel 
consumption include 

I. 	Loca-tiotn of reserve forests inrelation tIo ion ofItIe (list rib)lt1 trllt 
and rural llat ion. 

2. 	Ownership accessibilitN of fiel-produciig resources, sutch is
 
trees, agricultural land, and animals.
 

3. 	Agriculture I'uldholdiig and type of clop. Soic el'i)s at-e net
 
pr'oducers (jute, cottotl), net Consuilmers (tobacco), alld bot h
 
piroducers and consumers (ric t id stigarcane) oflihoisehold
 
fuels.
 

4. 	 Household or i ill )rocessing of l)(iddy aild sligalrclle. 
5. 	 Local luacices of jproviding food as pall )l il of agricult ilre
 

wige.
 
6.Seasonal nigr-ation of'rural ll)orers and f]niilies. 

When village or household saiiiples aire diawi laildoil wit hiouti 
considering these ltciitots, sharlply (otflicling figuries otitil energy 
consumption may be ol)tained. Without knowledgc ofhiterrelated 
fictors, incorrect in f iteiices mnay he drawn about tile acculalcy oftlatia 
collection. It should llso l)e noted that fa'ictors such as choice ofclol)l)ing 
system, method of'postiha t-vest processing, mit)lod o wige payment, 
and temtporar'y inigratioti may a;irv yearto veilti'rom (ftie to individual 
households' decisitis iiresp)ise to chatigitig circuinstainces. 

The Ultimate size of'samplle used in difkreit st tidies has been decided 
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mainly by resource and time constraints. Careful attention is needed to 
identify appropriate sample designs for dil'ifreit types of surveys, to 
match their specific objectives and determining factors. 

Output Design 

Considerable savings in data gal liering and analysis can be achieved if 
the output fbrmat is lecidld according to t lie objectikte. of strvey prior to 
qtuestion naire design. Effective out ltt and(qtestion na'e designs depend 
on the experience of researchers. A critical analysis of'energy stn veys
indicates that either a small f'raction of'data gathered has been actually 
presented fur discttssion or that the tabulated reisults could not be inter
preted due to lack ofspecific data. This ofcourse inlicates that, so fiat; a 
standard survey Illt thodology has not been developed. 

Questionnaire Design 

Some cotulml. e:ak nessesai (1onresolved issues ofetiergy slltvey 
questiontires tised ielBangladesh are 

I. Fuel amouts colsumed I t lie household were recorded withott 
reference to specif ic end uses. 

2. 	 Different terminology or classification was used in identifying
 
traditional fuels.
 

3. 	 Except in one intcrost udy, the amount of fuel consumed was
 
estimated by memot'\ recall method. Time periods used in
 
different st reys were daily, weekly, si : monthly, and yearly.
 
)irect measturet-ient of fuel is reliable, but to what extent it is 

feasible requires proper assessment. 
4. 	 In one macrosurvey; the same quest ionnaire was tised fbr itrban 

and rural areas, result ing in Conf'usiotl. 
5. 	Although introductioi of ef'f icitent stoves to save cooking fuel is 

considered as a policy oplt ion, otnly two st tidies have included 
infortnation about existin- sloves. 

A review ofqiest io)llaii-es reveals two ililportanit loiits: a single question
naire is not ae(Illate ftm data gat hleriig ini riral eiitgy surveys, aid 
inuiltidiscipliuiarv expertise is lieeded in designing quest ionnaires. 

Data Collection 

It niost st tidies the field survey was done during the dry season, 
iaiily because the sites were more accessible and funds were tnote easily 



available. As discussed earliel; lIMoMLass IueCls arC 111011 al)IIIlilit in the 

(ry SiasoI. F'slilliates (1' fuel use Iv I re ccAll niighl refklchl tihe jIoel 
sllpl -tlyh aa iol l ll ,1 ilime. 

Sin\'eN, peille sla\ed ll I t(e iehl I lwo weeks I) I few lot Iis. 

lhe r11ports do not idclit iv Ite a1(1 iialli e s1)'ot o Imta gil li'illg. Flr 
,;ecific purtpoises such ;Is act tIal 1iiCIsiirement or el Iullal ing seasonal 

\vaii: tons, (I'll1 weltr gal 1Iieitd ullte I1,111 olle'C. ItIC Ih nirt uIt odat 

rtequiIi'es lulliplc colllcl wit 1it Ie respolioltl slnd access Io pl-rivalC 

pIcr'itises, such as wvit ii.I sinu-l lieit of slove dimensions (Islam 1980), 
r(.crilting Iticld iInv(-, ig~ll)r~s F'romIlic' slir\I-vcv avll is c'(inveln Wi,.'l pt.-Se'n( 

o01111 exlci-ccll( cd Icst.alIcher Ii .( ias 1;l icifiilli ol)rve ;lI, %-cll,is 

stilcir'isor cal i I )ove I he sI ill ''\ I r Al (fillil ItV.Ih i;Ilif ild I)COll)C irt' 

Iiiiavailabc, less c\xocriel ((f ptophe l;i\ ht icCluitt d l lrlI Iail'd li0r 

siltrvisSOr ioles inIrlag-scale sritvcvs, witI I ai cxpclnetI( if rleseilcher 

lit'aits irv\'t\(d. Whenpro\viding mIVclll Ulhstrvll ltl oftIIc ItI Nat ioitill 
SlatIst SI c) tic sstill(s cha rlc ofa cdi I, \ ', ;11V.Xl)Cricn ld enerIgy'c ml~r 

Iesearcliel sl oihlt he iiivoldial aloiihis slagcs of ihe slirvev. 

Data Processing, Interpretation, and Analysis 

(allierinug and ;iiealN sis o' rural eicrgV dala are not an cud ill thtii

selves. 1)am shoul lt presenlei ill sucl' a way that the. cani )e easily used 

as instruments fr"tt' ision making. Some lessons from tile weaknesses of 

data an ilvsis o pr'vioults stilics are as flhlows. Islam (1980) did nlot 

consider sOcioCcollolilc st i atif'ical olli ill 1 1itsenling survey data. As i 

resuh, the iiagnitiue of plroblkll of difietiit socioccolloilic groups 

coiuld 11o be (ftctriiilfC. lFO]- policy lnlning purposes data pesented 

for specif'ic adllilistrativ' trits (e.g., district, tllna) are colnvellielt. lf' 

these units are iade u ) o molrc Ifhan itne agroclimatic zone, however; 

methods usliUst)w htiiodto 111i11f res lt da; sellarllely for tlhe 

respecl iVt' Monts. 

Report Preparation and Distribution 

Because of varililioni ill object iv s(l-pe, and availability o- resources 

and expertise, distinct li leielic(s cilnierge between tlhe reports oft policy 

and research studies. llolicy studies have published niultiple voluni 

reports, with niain policy issiuts in one vohuil aiid specific sub jects in 

separaltt' voluimes. In tile Forest rv Stldv, each luhiiie was prt'piredby 

;-I) experienced suilict lliili specialist. 
singleResearch-orliented st iities have preseteid I heir Iindings ilii 


voltiie. Soiiie of tllose reports have detalils oi sUlvey ii et hodology,
 



utlt'lcvrtct lu\CN, da ta, co>nx'ersitoi filc'tors, sut'x'tey res ults, andlt Findings, 

( )thrsintluet llhilv the sul\4.v rcsults alnd 1ii(i gs. lrtoii a research 
pecrspective, tie former Scoe((( lepor t is more tlscl thmll file latter. 
i'hose rCports ha+ve vlaluil)Ie ex)Criele IfMr f t tir policy studies hut 

tCOtul not allike t1111('h ilml)ict on eXtisiIg eIr' poli(. lheir limited 
;'olltrl'lltli<ll (an1 le ;ttirilmlted 14)the foli owinig I-tros: ilitcl e <.gct
gi :11hit soIe, L;itk of iscaichcr eXp>(iel(e ill liinkinig stirvcy f'lltuiigs 

,w iitio l lolli(' alL( litk hItllltlierstalll(ilng (fle<lllitdI aspet's of 
clieigy dlthi. Ilfles' st tihcs llate leteln ltI irist expelrieil(nce olctfrgy 
SIIr'CV l( +Ihill rI-silpt(t ie rtsthill le .rs. 

Fol.l . Cfl e ( of (ollsieraltionll is llcedtd ill oiie'of,tiis rlo)ts, hilef i 

It. fitllc ad folIrmIl. A stIlid (4\eiillg ti ffeiell 51l~jet(s Illav\ c
ltUl sep1

rate tellort't. PolciV Issuies Illight he uisctissetl iII (oill llll 1111!Sl)'ecifiC
 
sil)e' IIcsllt(IsJl.l tIhis poinil,
il4'Iv. ( )I the aliilor's owii eX)erienCt 
with int' (listrifltltioll 1(,fist';, It 1(1o)4)t (Islall 98t)0) is ;II examilple. lhe 
stidy\.wis ;ii' t ollw\'ill a g il froIll li iltIllilali<ll;t] D)evc'oplltlcnt 

R.viltlit (cltof BogiIs leiiiO, p. t6lll willi Owe Lril'atiii(.of iie( Ili 

rescearch grt+llft, lIhe rtllrt'l' ta t t'1111",St uldv ol il'l<rolems+and
 

Plrosl(ts of l+iogis leti lilolov is 1.\echlllisil l ,IWIual Ievelopillclit;
'' ,St tl\ it) atPloh t A.real ofI ,ll cshl. 16 l-rcst-Ilt thet (l adl~ hic11.11111llIt'r. 

st Ilth. d secodllt till was als)iltltlidc(l, "\illagc Rtcsollrtes Sillx', tifr 

.~.\ \lil'Ill lof.\llterli l: iV( lx'n 'l IU ollioy", WIl tile first title, file 
rle l ll14stl (re(he mitcillU(1 ll)Io'bIliogaS It5cscllitrs. csaitlirs 
wo kiig ()Il ll ail tlieltr stillrts rclli/('(l tht it'l)rC's rclevall( onlly
thllgth thet second I I(- Alhhl)ulh alslhstmilial pa;rt ol)fthc repotrt wa~st. 
(Ic\(Ied lo<stlowts, It hadl~ hitl<. (list rihti ()nt ;ul)Ollg stow\ c vsec ei-rs. 

\l least two seplr:lt<+ \fltlll Xis b(en a llltl(h ll1rf\()tlhl\w 
ell('t"Ti l rml.t 

Justification of Future Rural Energy Studies 

"Fhe;\'ailabilivoieighl 1uh'fl c.'lleigy siliveys iII ligladlcsh Illly tenld 
to illpleCss the ulcitical allalyst that 'leioiigh illfirilatitui is avalilal)le ito 
fl-111ulItC r-tiral t'i1tcrgy lpolic\ . Fle. \virio~lls linlitat ions o l't hcese studie's 

ha+lve l)Ceil sllIhown, lt\.'(lr lhis lxitkgirounll reveals ;I teljite need ot •a 
itilvi ellel.ig sll Ill to iif( ltcI ll e )4,lic\ o)tions. (Carellt l 'onsideratioin 
shoul l) given to deciding the (llithtl iycs (SllIt tirm, iueliluni teili, and 
long wtrm), as well as scopl>aidI11( lliiologis for tile st itldy. 
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Future Studies 

11wll.\si;Iii 1)tvcloiici Batik hids daVtccI tw Ilidi liacan 1-14 
IsI,,I iI) ts i-pflit ImIg~I I iggPnitfltt(I b\ VNI)P I IIIIj Io l I I W lifi I c xcie 

ciicgxdl~f IdiIlt1iiii dl Liug'~Nldt-I Pi~li Im H;iiq'k(ifcShi to the 

wa'i 2000. Speciail aitettiiiii will bc gl~ili tP ilV iti( ii (I l( \ adl 

viir-il ciicn'v o"vlpiti.. ii~llitg -tir pnlsoru bN I "SA1L) 

l . iililhIS - iiii ft t a It)].lilu ci (1 lg Pftii lli I ii( i itit( f s li 

CRITICAL iSSUES AND IRECTIONS FOR FUTURE RESEARCH 

ldc foop m joimFot 1tivl (ftcthojiit, ltticitg\ il i ii 11i ii icpsc ' ()1t~to 

1iofmiItuu 1 \tl~ lli o~I~(I11iw~t~
d isl l .tiilal ld~fiit', fcui *. cm it, 

. Ilostaiiitcliltgv st tiliim Iiivc cut~lo(Idlr lMt I fujil (ticist ft aiill 


Irtt' (mi iisscsslllg(IitigN Iw'l 1(tv ofIiiitst it cokiuig ;d figihtinig, A\
 

It-l) i l f olrputiti cI is. 111(11ctfi. tillgV\ilipm~li tit'u fil Ittcl-o hois( 

ii -tiill iIm'ic I-i AiVwlicitillitli tt'ti ()Ii lit iW Ilhcli tiuiool li s 

1tm il Iiiitil Cligt55.g tf11o1w yilisg55lif ewrf-uatKilig sti OisldS hllit\ 'l 

uittIIm N wl ItS)i\ l((' i~i~uit il Il(ts c p e s m -i;Iavl.''l 

pciui liotilo irstanIs iliuiii is l.(it cillitcluiiisf li (m pdc~)it i 
dliit opioNc Lwitfc ll! cigsiicrts ()p lilildci l lof lm\fic)0hiii 6iiil s. 

I l ttgIitl VtIui.IllluitstIclid Ic ilfsliotihufl ra mll~~t(A l il flllll 

1 I if sssshw5ti~tlf li(11tu0 s lil stt1)iiriuig KliIgv tiisfIll l l( tu c iit 

intgtl di liMps. do11Iii ivt liisil dual 1 lilth I fcii1-5, fis liii\ Iltil tsNl 

c~ili foil(lil cmdtil(i il l~of io)" icsttIhhd ;lmI WIts19711)tik.o flit ill 



SO! Rm 111it I'L%1. 'tcl I)tubflI(wm Ntt-d 

s51hIis iiuI I w tIm cst, Ist-g lowi ItcS.sg andibl l)ilIS IcIcciItology
 
It'ted to he as scss( idig wit h tistiit hI cl( it IId usc and
fIoI 
ol Iier stIIl)SV"Sti its. 

IlIt tpt lcsi Iu ii ri,sit itIt II inift Ilolttiqlu, i hali Ii ictt'dlt rol 
if slititinls. I tir l:ntil , ltoill i il( tI td" ffiCsi dl (il.s.arch sultls to 

t./u I( ,; b ldc I() isscs, (osls 

cr s I nl I ,I I(tIl Itl Soiiid, Nsfenn (t IRtiiR I 1t 8l , h)tl u I lot s 19I1" 
I'llI l(c s,I ' II Is h lwcIIn atlII lIt I2Is of dlilrcl 

tt I 
IIt I ltlllo ) \tit tI "tOll ti " it aliI)alllst S inII hII sI L tItI itniiti tI Ui 

croips itj(i(d i iiil tlit i t1 tII(.t11le. ]i lsit, , I tdici t, imcdtlmisls it iisl ti 
;l~i~n tl~t'Ics"tllis aind I c 'Ixlail]d (o tli hl <oil llt (kI;ttI ill w.rilns of
 

llllonc\ imt lc.l I ) , H1++t;alli~ tm mlt,.
 

]"Ilr lel Si tclt t thct tlS. (d It( csftlis ailflIdlt, buldilngis imlisnll It 
(;ilitls, l dl ul( should he rtl Icl.(l ill ,cli.vfl tic ttl(f s Ina vsis oIf 

ltcalt iig n sy i;tt \i less ( nplcl it i\' ;) Itcc( t (+ Ils (.)s, lCSri ucrs 
have~t Ix(.c.n1 foundl to ( tillhi\;1t(..ji c It+ tli l i t( lhc'iirfli, (d ittt slilcks is Ilitcl. 
Inl thu var'l\ 19514S A \hi~ All I ttl; I(- o iln noii' h Inin w'nNitA ll i not IIc 
disitris ir lum>rcdll I ,cmlw. i I alpidl dep+Idc t ll Icc'I cl"tlrct '. ff," 
tobaccc tl rn)'ili Lawttl, mm()t ot (tnl ,.i iAI 11,1(1 t1) but ttcd'( II c 1it't, 

luclwood>( scatl(t%. ,-\ nl'",stl]il\c' rtcspm th. Il Ilw~ scanil it\ oI li k ()tltl>t, l h \ 
ct IIh iv;ItI inI c, ttoii t,) iitsc t' ) it stalIks as (,; k<)<I tcl. F,N(t ss i ( II Iltig II . 
t l't.('S has', ca;llse('( oir gthts ill l s arct' h aIt ill 111] 11 111h'ttt'dl I oln m (till i\ + 
Iill)i (Thi'.,S iid 1982 1. 

tli t 'll ncls' li,.1 ;111( ))(I t , m illollut' +lIcm l land,:, ill d w aIf<.'; i ld c' ntlilin 
of rcscau( I ins.t itt aA ims( ILnu ",mm I 1979: VitIlIis .S;I m ic. I FI' h iIiip p, ituil 
\W . Sct llt- IIh11982). ( )it(t c()Il, ,InlIIIInIf; IIn inI , Ss c I'S are"idecnt il'ied, 
Hi I'll tIItII l bc' tItlldC ,' II illra i (11 11I~i+ t~IMI -,SdF\ V NICxlt'Ial ilIIIll~tt ' 

ofl' vtdi I, tcXl ItIs Ioni scrl\ A,(It It'l/ . ilItig,;Iit II, c'lilqgc Ii. for+irr-igaI ill I, 
pctst icidh+s, ,tril(Inm trkc I ing +], + tiu t i t s 

I'tF ll nlilin Ssf",tt't alihcl ,nl+]d ]not sn llic to pi<o\ide1lllc loy~x
.nll li t Ihic I-ival ]cole ..\ lo ad-baisud ;t:-,se'sliemil ofoll-fai ll 

cI IIplylcnIII( I opI r t I II tics w~m hIIl].( tr.(IIina I ,vis oI Ihcpo>eltIItial ohraw 
iuatcrials, ec i-gy!,, loca;l skill, sit<iljr,%11rais]pot . ;ind tnarkc'inig. ,<"kcltit~ol 

nfla tec In<hm z!l pa kagc s IJim I (. oiin ic I i~ iItI\- InniI Ii Ii I InI 
l-roduc'tiw( c InIlI>]( ) InlInI, rccog i/i II (:l IitI itIillI n Itt trilIn II ing]I~nIi dl 

Io t a l Ia I n lt IAI ldc II iIic~tit t iallvr.scar Ih inIIst iItuIt ionS,ot;I . IIA I o appitp 
mobdilizatio)n cd lt(Ihidiscipliu vu!+l t'Sc+,r h1wtillus, andll ltw(ccSSa lohgistic' 
supplort ;in-., iIlc' (rIiiI isstils fo~r thet stwccssflill imlemen ntation of'suc'h 

;i ]programi . 
(Colllbilliitg Inccds aIsscssincnt with devetloplmet ofa~ spccific 

tec'il<)gy is illustratecd inl C'haptelr 8, w\he~re user needIs and resolurce+ 
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t ra1111in t fe t ing ,, sl tv Illl - ell lt, ;f,( ...........................
 
. 


C 

NabagrIh n~'llstltl(I\' reportedII' I i lls c'hapter.'III The¢ I~t'N(-\[ S c' ionl, ll<.etcd 

a.lIId 'C I ('( ;_cas scss IIIc II tI )lr I '(ln (I) N e I( ) illic III i c t' II I.;rIIc(d 

hm, apil caI(+toI()I (& lI IR l(),,t [I'l(I(lIle (o)II~g;s deI' '()p~I neltI. 

.ht' IT lli(wo Ii)hi si(d;l (()I St1.,.IIIS llow lil aS (liflf sio l arc illia\;lill-

Iilitv (d stiffic(i1ll (lillig aI(d high ;ll)it;,l ('(,ST. ll' SIll\t'vs h, lslalli 
( 19 8 0())) li l(If tim i r.(lt( ) ll .l ( 19 8) )b sc r'l\ c.d( II] ia m m() ( I It hc n)5)Ia0 e n t ()I'lterc 

5tlpe rcetl (d{il( ho)lischo,] s dlid t+m() I)() ,(. ;tillt,
. c;llic. Less, 1, 11L ~ The 

I(TIi.(Ch<Il(l I)()S C'St'(l( t It'I lIll- IIt'I(ISo)(l l lIt' II|I'Ut'YS5,II\ 1() ,l 1;ltlIll ;
 

Iui- -si/e' logs p1;l ftuecled hv cattle ditllig. ()MIN ir h (liolseh(oldscan
 

l I , " ;If.[ II I).'i . Ai)dt;tI \. ll~ (()\\.t ,I i+ -SI -ht lpsr tl 'A]Iie cag ( ()I l() 

SI/. log;as plillt fIloa; IIIIg-g; Is-lIiohlei I\ pe) is I oi'.iI1'S SHGl to) S750.I 
Di''(Tinig ;li\, lcih) I I()li tIjle' tiiltII calltle is G;kg/day - ifl'icient l) 

Ill i't(-cook Iigt I(tIl Icei;I( it'II I IT (d SIx e It'tSI.I lt l ol of lijlgas 

t l<)t ll is(''l l Iwrl () 11\ t'S h) IoIia it , rI' ) tbv(kt ll [ a{i( k ; boi() I II ()i 
t Ih '.( It- (Id ' t ()()S(. I le' , ;tII I ),,bc(a t I So. II(l \ \w, Itldrec cat[] t |I('vc \%.()l(II Iit II cI, 

; ) 101 Js"*\'( f ;, a \ued 1,) meetIn thf (g kinIlie ltlhood ()1p an uIl i ill( atil' 


It tI ..l iica.
 

Civtgl n qu Il 90pil('nt fh Ii tl (liit'lio IIll .Iolis'itmtI
 
etl s l ( (Iiti(ti ( Iikiig()ilm lowe' l rth cookingutg
 

of fil lil 

ill mit't s(ol iit i (-)11' 

I tIsIm( I]ftl gmt) li(tc 

li t jtol'(hi (I t'sisin t ( 5(l1Il5 c it"tihl tljc) fti)itIt t- l(ailg s 101" 
11liC( gldsand l)(' .5 liihl I its 1100(1 iiclo. I'irow lielOte (d ogas 

Weli ligI I.I)t I()h s ;d iut )111('1 u'ts ( lI 

ll(. . illc tIhl iot()()kit ,ili(it capl'i())kinfl. I' asi l,,, tit'] I'(' ilaobl uital 

o alMii()1)ilT' liltIl erilil h(,'I 'holdl 1 l hlmn scal-ce 

su )llics (dt(()()kilf g lhtu ( ;i i il lll i( I (blosi( hcv :,IllsiIcIS. i l '(pl II, 

lei'tIilftetiiogasi 

holdls i +~l (lm tnc)thir(t o in fuel ttne d \\-t~('>()il(ivi mi )tidw liilt-~lcooking_ 
tO lmlllll)tSld , h() ;s+lC5ti'aIstat' lle l o t .' The csomoile cc."(l, htis lll P;11h<)I(ds ~ tnividlilats of besaill i th l(d(: h't 

[1al oga lp~(aI~ s dtes igned' to Ilivel c'ticl'x n<(lccd 1,01 irrigation o)r ally\ 
coiedicg cital ot ijgas ilellinse( ipe f).Fwe.uio h ge-m
ot1he+r ipr(o(tctk purit pl)sc', t(ItCt.S WM+)tldl apprl~r:';toc file saving s III p)'r()-

ItmI If l I. I Itm)wc I'lll,; II () tHIf) I s l c+ettt I.l le' Fro I, 1*n1 hcI, ici IN is av':i IIa 

[i g+ri(d folt" irrIigatlion)ll |(d ll(i.d l 'iv , ulsers Illig]l[ Im(l have'tIth(-' Sam ll, t~ 

ll:Installt io)()I l ~il t ll Nl~ a lnsi Ilsd fc tae yff 

'× 
' 

red t (ing c t a)i;lcos+ts+low I)i()g ;t g<c'lct' i(mt (See'(.Chater<-t 1()). Few ."+' 1i
at e{dl( , (.() II | \ -I)XM +'( 1-111 ,1l te c h n o(lo gy i tlp le s e x×is t ()l's u~t cc SSt '1ll op e ti . ' I 
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BaIIgIldtcsh. 'I * I II ((fwral lol I(.I (OmI IIIiiIiil iogas pdailliuccSSfI II I 

depend(II Onw sirviIlil o)I Soc(ial institut11ions (5cc ( Aiaptcer 7). ihsign ilf a 
cooiking m stemi t ImIaiects dt-iinllds (df(I iIfIcliilI scis is atuhilec task. 

Since tiling is alliaflt c()Sc f)V, Ill!W J)0ic~t of(cilllliil ibiogas 

st a uls sif h a ai iUlimltcm (iP/J)pet0so i ratit) I() p i-lll(c SulI it it (t i I 
geccatc iogils lowi (-())kinlg wotilt is( bc5( cI tt Iiililc(I. I Imlllcslcids siIlh 
SlIIIficielIIt clat I c c (I1( inISta;I If iogi S fIIaI IlS 1() 111iCCI 115I1II ICIItiTlgv llud 
fow Iighinilg. I 1wc liogaiS !vC!Ii lciil't [om fighiting (1101 ill( Iiig pmrlabIc 

l igs in awag 3111111mlc, fIffliilmd - la , vf I In011 1i 

Illiiclai flm(ist-Imofd (LIN il Iall Ill. 

pi lit-( cssarv 

Illtcks tllk allmllil ofI gas lejliiiiedficooking fIm ; smlgli faiil. Ahlci-a-
I i\Cl, Sill all lhiO,1(sP jIdllilS inlcglallud witll) sallila Itatl ililc(onld)11( Iw 
lcrsigncel 1(1 l ill cl~ili gp i ed Iii lighlting mll\. A biogais jLlill
 

illstlalecl for lighinig \\()lif(f1\ aflnuimillcf 6 gal (f kiseiie 11(
 

I'lic 2 ii J (1.1 foll lightling ill ',1kbI a Illlitea( is aplltlixi

lii Wollmlla ( i011()( li il b~ ilaIllt (-] it f(di ig a(ill ises. 

pnI11H15 .Sis fIm pilillpiilg il-iyilioii xalci. I if( (ileigs littil fit Iligalioll 

ii I igalli( ll Shi'Id(be b)151(1 OIl a g~as )(Imllion litc( Ollt~)[11(iilg to flt-
Ithici Itli of \%illie, limlll". 1- foillitlSl of tfwc \tal, (illc 1() hjih 

aillficilI ItIlipcrlilles gas l~i( ion rawt woiil lit hightl. \lIfil 

Jli aIt lst (f gtlilalt-l gas diliing lfi pcIi md 1 lw fo(llltI fwi Iltc 

liced((dof tiiill (11)1 t115( is apa (dall i ili(gia mcd SS(11. Slit(t.(Ssf lii 
O(lirlioii (Id Suchl piln \mldl dept-iid (il ilit sI itilgill (f social mlgaliil

mllii/illg 11". (dI alltfiillkt ((igaii( u teialis as fccdstock anld ill tisilig 

Ill Banladeit~sh, itstitli ()I bi gas 1( Illolo)gS was1 iiiialcd iii 1972. 

nili asii t(ililtiol (lt lD)Sf telsoii (EItf1I). ai Idfpff11iii IIlcl li

\Iiiiist Iv (If Sciec iit n i(( fiilI((gv.Startedi prjc I( pl-mmiiliogas. 

p~tvIllfi t first phaiiilS(. lani to inistll 250f dltiultratioll pilants at 



(illcre It locattionIs a ronI i tIe eott rN'. In 1980-"8l, E PCL) installed 

1I() fixed-donIe type, fmily-si ze liogals I)Iit ItII tost to t lie lIsetls. 

The total cost ofc'ah plant was Fk.6,50(0 (I' S$325) and was met 

Urom government I'iild. lhe belief iciarics were selecte(d Iy (list riot 

administr ti'vc athliiorit ics anil VIP(:I) was res p onsible tioitnstallat ion 
of the plants. ]reliminlIArv AIt'sSilllCll h1tdi<cd unlsmsisfactorv perl

l'(rnitan(c of most fimXl-(loiuI plamt. 

theI-tl)ginning olf19,S2, l'I('I) mitiated a research projct to reliCe 

tIhcost of Iiogas plant. Ilmcv cla(ted tomh1av dhevelo pehld i fhlt ing gas 

holider lanit <)sting only Ik.3,50)0 ( t' S] 75). In this plat, tle ligester 

is made oft5-iich thick brick wall. ()mdiiir\ ci is usel t(o.imI 'ick, 

and the inside of the (ligestclr is)]isteiUI with saiud and cCilulelt. A gas 

huolder is made of 2.1-gauge galvauuitcd irol sheet. ( :onstiictiol (if these 

plants is l)lanncm( for il locltionis oftllic (o1mm il.to e\ahutt fiHeld 

per)rIlliamucc. 
B;sd oil ;ai-llininiir\ siur\vcv, I RI)l'cstimiatel thalill351)I MP)l' thatnas 

7,00() houhloh(lds woiuhi ldt willhig tm iustall a liogas lllit at a cost of 

'k.5)(I'S S250). I It It(cost were more, t lie tiuiihicir of,prospect i(.e 

users would be less. Reportledly hiogas pluiit, would be Il(onsiderable 

ctniciitld it Ihey ,ic Iesigne(l fr,1 irodlict il use, Such as rtImmillig shallow 

t ibewells. 

Enhancing Research and Evaluation Capacities 

I,'crigs, mieI.s \arnaccoirling to Iaticular ,cmas, scasotns, and 

so'it)(' liii i(" ('ouidit iol).( )hsmrvull from'ii uiuit lv'CVs sl ould Iells 1 

assesse(I consilciiiig energ\ deuIllnild miid snl)Iv ill iiternc(litC Zones to 

(-<mCeClttili,e rcguuiull ;uiul ,aiggmgutmatcnamtioml opp)ittmlitics and policies 

() irual enieugy dce\coplimcit. [hw object Ise sliuilbl [ ()tony the 
mil u (l n bllsoi the reinioval ofr utdevelopml~u nt uift 1);utt lI iuru lo/ 

adlt, (:iuiuliic(lifirces cIt'.suII ;(1 s(i(uit group)s. lhis strl-tegy hi) 

imeierg, plamuing fit .witlim t ieIIiramcwok of rcgimil aiml slptial
 

l)la1uiniig outlictl I c Plli.
t(Scomlive )c.;u 

Ill the lst, lecliunilogies fcot(lIr Ie'luijicil
IIuiui ;siimied a
 

gtiuiratet(l s5i)1I). ofulcer g\. llncrgv nicll shoul be it criei uoft Ile
 

teehinology packages selctted for irural lechnologiesdc\elopimictl. 
selected also should allow lo- uising local tesoltts. Assessment is IICCCs

samv of t le prosl)ect of using biomass toi meet mitcrlinke(l rral energy 

nice(Is hom,ulsisleicc swell as devcehimieiit. 
This lilpltcr shows thai eiiergy st tidies ill Baugladeshlihae depClnded
 

on adlhoc ilistititional arralgenients with couistiltanlts amd mix-c'sitv
 

researichers. Considringilhe iIlli ccrg ((,lectitimio0'ctICMg11'
t'C ofe(T ' 



1m It-Ai I .%tIt IlDte"copi ctizulNittIs 

StatistiCs shit)Il Ie co lSii tl(I pa lt oIk,1 iititoial st ilistial sICi i. No 
!< I+toIl~
h IstitItlt I c~xiss lo Itcscal-chI I( Issue oI trtd Ith i Iant m I c,i tnl 

sIoIurtes guiflidi 

oil I-ll-a1 cel,-g Is iltutudcd, bakinilcited l labolra'tllanihld IC

cllei.rp, itlrCS..\Alolicy jlt l'esearthl and develop~lment 

'etweell 


serchl,and bhetween lwai developmnt dl olicy re'seaich t)
 

assess a itipplitalilil v.
 
1"d ItI tt tn l I Igo lictl-g , is c llt IIhda ~ I.;tiiN < he'cm<It..,dt-re'd ;tiII 

i litegral 1-tiii lirliiig jpr)lgrgams shoulhdpall of llIrg, dItliirv S'siils, 

)e (ftsiglcd l l wokers II tl ,ell(ig \ sect<or llit lso lot other,lt 


(lCpallIllicllS '1t(11 isAgricutirt, L.ivestick, Forest ry, and tile IRI)IR
 
iliwg', shlou imltegll pillItt lat varitous levels olec(iicil e ;an (dilriil 


ioll. People also shouldelInfi for ed fillliltilaigues ill et.VCI+y
,l Itit 

sOItIFCCS Mid poulicies .
 

.hli tttihodoioiv adoilttd ill t tie N;ilk;irlm st iy IOr assessing
 

ilterttiamc clye tcciholholg\ silv-Ney Illia,
eleg is s;l isf;l(.I(ei.N'. A nat jionwid, 

/ktit slimphle %igestiol igilli ll- vollni lbased o iIl'l<ililiti > 

/(i es. W 1t iilia s ileutdIillgeig c ill vi iti .lllitrs tle.lds is iIilol iilt 

va;lv~ing eiitelgv 1is'pallteins ;i11l eli.lilllshliils. ( ixvi shii livmd is
 
illistiill i 1,1111 lc rilliftil Iut i i l ii(Cio gist.ll i{>i lhta i iili 

\ l illll l , I( 'tuillctti tl5m OliSiil i tll il ifliili f a ndisllf
 

i s hlie iis lisd ltlie s lds l eiliioute l iit
i oI l a vsteiii it lilio 

t ll llifii l i lliltieserious c l iusidc li l itih oftainits stur1; tlilil
•
approp~llriatel iiltllodlogll\ I+li oh-11il~l dcte'i'l l it prol j>cts.c\;dlllillioni l 


l'tHiclsucces A sysii t-~h~l Ii llrm of,of a I lil hcllwnr 1"ii~rll~l lV m 

Ihe'111ii11v "- rill~i ;Iacr lher Ih;iiilhtle i ltuaof uitis hi1sl<llicd l Ow Ih at fi t 

numberit' ulsed{ opl oi. ( IiNtlill te illildct(ti!itits ill tileaind lexctl oft ai~li 

C'iiltltioll svsteill, rsoils iigalgeti ill Iiil-! dievellom)ieilt activities have 
failed to btf it froall ;illapil~rolriite etfI)llc(k ille:Iillll. As i result, 

irllelealit plogl milsi haie bli pelpet tiateu itthe fwlliilentl litholli
t ic's ]i1Wetcriticisml. inl%%it hoi)ll co)lisl, App~lrop~riaite id itcitors o1'+l(:(ce.s 

t'ii'rp -reltellld projecitst ilichltc ( I) logasl -I he numlber oI"Ulliiis Ill 
opet'iil~i aiind tI'eir ()it solving!r't,.,iliim;iwl tcnerip~ prolem'ns,(2)t(r 

'str -Ihe ilicilb'el of live seedlings alter onet tear. (1) Irllli cttcliifiel

isilg elect ricilv an(d t t('iluilll lilllitaill)tls oIf Im(1st pi lll stic pl1c1) 
elect licitv, and ( I) ittlll)r\tl sl ts - Ithe nlllbel of iiill,\'id Stoves 

act iil ihlist i iutIlth ll-ittt's 1011 lilitioln towili l slviig Ilec 
hticiwood prolemitli.
 

Commoll oh)llt- c ( harmt '(i ll(\('x+dIlclh.ilig
hisiicso cllt'li ill 


cotltlfitrvitv llli'ldc siilpcr\Isill liib slll ;acaeiii s,surve's satheduled 
+
dlurig yea'rly'ilimvtrsilx hiiIis.se.letlioni of'tlr'v airea;s c;lose to tlhe
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uni'r."i ,.ctussiiilitV olkfNit'i hv llo(dCrli Irillispol'l. a i(Ilse of [inal 'cals'tS 

or grldl;lalte SitlldcIIIs as stIIIvc CII InlentIOlSo hield Inlveslig tIs. ()It( 
XI tlxpccI.dreason fOr this patIt,Ii- oI Ii'CI I rst\ sItI s\ s th leCi IIV 

S;ailigs ()It slvcv c((SIS. I l'ti'ii ic's cts or co t ri)itt'ly, a survy'V idtelil prIo 

tiles t)decisionls foir t iitIttis htl, illo"t costl\ Iali the su1rveV itself. For 
Ihe ,lite.Ss otfht-I idellihi'id pIi)ijccts, lie quality o(iltl'veN slhId not be 
S;i(tili(+('(l ill (rfl<.t tiiSat\e Sll1\(SI ;<+t.\lilh<iotili lixt sV ;Ita~lilies 

ulssiolm c t li ',ilci trcti ttsc t 'h'emlds cl)I 111lh itlivsl re s etic l e 1d 
\foreivei;c it I r )cr to IveSI , c cositiIIIltlt oI lI IIIn \'S i tv a',I dI) IC Soa 
m t lsitt l.li ir\ tirs it II It l their ((ict ligisstf pI is I IhtI tI t '(tli 5.i 

.), II ecmtiIplt'itiiIS (t tSle ctttIicI('th ,, hN IIe l<teI wi; 1c arss; I i v" iIs 

I ic I c;t ItI , l it(. I z satv Iil leItIIIIbeItt o I hIII S I 'IId I hII cs ttrcIh t 

rt search [lii liMr tio titi ghic isnitS ttightI ldic s, iia fodr Isit l notof 
ad(cqua+lc +ortapp r~(y riattc. Tv,() t()fihtcc \wctks is no(t :tcqputtc tini fiff 

~-lfi (11 ,6' ,itv IIlia Isc I s1v I I ItIIb II ts,.(l \ siltl t 'I I sw I II rlictIIhc tI 'tc t pa rtic ti

(l tita iltlii ial111)mll 1,iI1 w e SIth iv ol ;leto. 
Fi:.c Ir IlgI II s ;I II t1h1.()(- '11 vr Ic\ ( hop m cm+. 10)m aikc Itlc,dc\ cIhop-

In ll,".1lljl0 . .; 'g~ulca t-Iltltitldc ltstiHldi g o f sp~cc IlR.l'Utlltcliergym tll, 


Itob] vhI I s Is c's't IIl.,tc ps r I'it'tI sit( vol'v'
-


I " Ih tmiclt-a I n g arc I ' 

;I I I I pclI'l,()Ic I c", (I bi II;lI ill ,I(dlcl II itid ;tgtI. ] m id ( ll 
'c itc 'l s (] tfl i llo d " , (l;1;,i ;Ilk\sl ma .t im~ol I 1 1(d ill\c \x,1 11'H 1 , p l e naIcld 

Im ilm tit i Iiil t tll,:i'd. as 
I \ t (<1tt'p , ltili,clirr h.'d Iit In d ic a tc th a t ac+k o f'B,ck ioiic(No I.l. tIt s ct hl(l ()ilsc'e;tto 

C I i o tit B a n gla deIcsh 

fro m roIll Itrstatld ih gt 11 ;IN I', l lhill 0' to tll s i.,,;xav I Ithc m a h t ute o f, ru rl' 

devel<olitllcitlt
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NOTES 

1. TK.20.0 = USS1.0. 
2. The lower heating al ties oft i['reInt types of radItinal I ls reporl e,i 

by tihe Bal gladesh I'Aergv Study ((',()!I 1976)were used ft 71 conv'rsion 
ii Tables 2 to 5. 'hev arc-as 1lhlows: 

htielwtood wit If averagc moist ure = 15.12 M.l/kg 
Bagasse (50';( moisturtc - 7.-1.1 M.1 /kg
 
(ow oning(50"i moistuir) ...
8.61 M.l/kg
 
\ gCt a dwSteCS, Itet 11111s, i it12 Straw, twigs and
 
leaves = 12.6 Mj /kg.
 

Agrictult urc residues iuiclulc rice hulls, ric straw, bagasse,j ile sticks, 
and ot her crop stalks. The c(version fatctor used fIw kerosene was 
.16,055 kj/kg. 
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3 
Policy Analysis of Rural Household 
Energy Needs in West Java 

M. ladi Socsistr-o 

BACKGROUND 

The Republic ol Indonesia is an archipelago of about 13,000 islands, 

with a total land area of about 2 million sq ki. Administratively, the 

countrv is divided into 27 proxinccs,295 (list ricts (kabupaten) and nmnici

l)alities, acid then into 3,329 counties (lucamalan), administering 62,865 

villages (desa). The 1980 poptulation was about 1-17 million people, of 

whom 78 percent live in relatively underdevelol)ed iural areas. The 

second Five Year Developnment Hlan (197,1/75- 1978/79) concentrated 

on rural developnent to improve the socioeconomic conditions of that 

iliajoriy 1 lpit ion. 

Rural Development Policy 

A desai, or lIndonesian village, is considered an entity of territory and 

popmlation and an integral part oft he couit ry's afid inistiative network. 

Rural develolment strives to strengthen those elements ill all their 

aspects of life, politic;l, econoimic, aid sociocult'al. 

lhe concept o[levelolpneit iinvillageF is based on strengthening the 

initiative and self-help ofconimniiities, so tlicy can utilize their resources 

better. Estahlishinent ofconnimiitv institt tions has been encouraged to 

increase lie self-governing ability of the pl)le, their awareness of' 

conmiiot needs, and their involvements in coinniumitv-initiated activities. 

Iii an Indonesian village, a Village Social Committee (1,SI)) is responsible 

fo plawiiig and implement ing village develo)ment activities. 'he 

Family Welfare Uinit (IPKK), in cooperation witli tihe Village Social 

(onmiittee, provides ('oil) Ill 1ity-hiase( services. 
rely on theVillages do depend on each othcr and to a great extent tihe' 

facilities ili their s ''rounding areas, including tirli'h i celitel's, so their 

develolmient eflh''ts rieqhiii'e coordination at various ad miniiist rat ive levels. 

The Local Development Woik Liit (1I)KIP) was established at the 

kecaniatan level to integrate tie effoirts of' the rur'al comnmunity and the 

government in il)lmemnting rural development programis. A county

towii (kuta khcanialan) usually is tlie neai'est growth center for villages in 

the area. 

89 
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WThe inaji tasks or the I Aal ) velopment Wowk Lnit are to identify 
ithi i a 

resources ill Ie area, (c) requisite local skills, and (d) I r;aining programs 
for the colnlltillities. It ilso) formulates, lr)liotes, anl( adopts the aln)ro
l)riate technology fort"rI a due cIvop ItIeIt. P ograI Is aldprojects suIg
gested !I the IAca I)cc opiit tit \ k I 'nit areu iscisscd at couIt N 
mleetiIgs chaired by tle biad of1t be twutIt' (.'I+1111ittd attended ' 
villge chifscI' (I.u,</pa, t'ICrescIItatives of viIriotIs go\rolneiIlIalleaICCi(c-.,, 
\'illage SociaIl OmmIitt c file IIlwes, field workcls, aI, I inltit ilI 
i'blrilaI leadcr.ls Wit hiltI ithe rCsct i\c cl tItIIt\. l'tog:IittIsIIstlptcl I his way 
are sutiitItcll c(It istI :ittl ploincI Iclc loc ppoval. 

(a) its role andI iIiction %% roid"er arca, (b) [)oteltiallv usable 

I',l(mt 

Each xII 'in'c 1972. \illIages inI tI t l+t) ;\c II
s Ii ht classificd atccord

iIg t<0 OlFI('c t +)(hgrSi0st Ilp dcw) opheIcltIt nl+'t Ie I e III l)i , itl It il' t v 
s4)cioc i l ot,IIiiic ( litiItotI I l pct ItiiiiI',s i I well as b tOeit ;Ot.ilil' to 
sh;I re resFosil)ility inItheir' )It devchl)lIIlenIIt. l'l three I Vpologies 
of' villages arc 'wuada ya (t rdit ional), 'f/arva (t iattlsit i)ttl), aid 
, tWAPl. l(da llo l+I).t (I rl(( 

I'etl majiorlscts olindicator s aIte utscu ill ( lissilving \illages. l'he thev 
basic indicators ;Itic ( I ) lpoulatiot (hetisit: (2) tiairoval etvironmttenlt (fortm 
of,land, vaittall, soil poluclt ivit v): ain(l (3) oflbitattiou (distalce Io capital 
city ol'l le p)o\ilct or c)ttllty and (cotitlitiol()Itlas c vc)ttttcting village 
with tirbai cittlCs). lDc\clopitng inditltors ait (t) c'oll+tolic strlictuc 
(percCltages of lltionlt e'lg.tgedf itt ,igticul fire, ittlotst'v, auld ser
vices): (5) villagc pro ltct (ttlltCti/cd 'lltlc): (6i) 1r lit iotltal ctistolits 
(st 1'i(tl\ of hloosel\ applied itt tile tott ttit v ): (7) villagc anld cornitnit v 
itlstil titons: (8) l.%el ofledtictlitt (plet atttigcs ol popttl1tttl with six
\car clllllllll'V sctootliitg): (9) lvel ()I self-help: antI (1()) itfrtstict tire 
(loatls as well its ptotlttct i<tt. timtkct tt. a;int, l ,)(itl inltasitttct orcs). 
Scores ot" ratnks ;itc ctlctl;ttcl lot' tltose :'i indicaltO's, attd Ie total score 
detci'iits thc t\lto)gy (d a village. talit ittt:ll \illalges ar levcls I to V 
with scores ttil 7 1() I I. t ittsiti liit illages ltc levels Ito V wit htscores 
itotit 121(4 16i, anttt ttodtvti f\ illatges atc leucls I to) wtl lotit 17%% scre 
t2 1.

li'le nttiotnal gtal f1ttttl lc\chotltiletlt is lot all \illags to (ltiilifv its 
itiiIelrii \ illages Ib 1tc \car 2000. As ofl 1978. :12.7 peictit of the \illagcs 
itt Itldoiesia w t ulIssilied a, tri-ditiotal,.56. I lcctt ats I talsiti+>tntl, 
nd lyl nisI I1.3 l3til'tatt tidctri. Ilthe challetge, t iccloc, is 

0 ttsidetable. 

Energy and Rural Development 

lhe indicator's \ illage de\'lopittel vc\Cls have not itcluded items 
ditect ly tcl;tittg to tliegy. Iildeed, ill tIhe( past, ellergy was not a lal o!t 

http:leadcr.ls


centl, Ires lC'ivC(Iicei'li ii trrtl eIl'Vt'hIlpmlet plan'nii )ll IN.I ha 

(wilidling of liliii5,ss r'sourices fost t'(Idd gro ingliwa t'ltlCss if roral 

peeliles itrg • loli,j n T lIII'itt ro Ii( I ) I of (oil iit'itcll enrlgy,I hes. 

prilarily kerosene, into the ttt artas Is ;lst) ltouight atttitifol to 

theil robe illHs. 
''The tt. 1-c t to , l detwxt'h i icill reveailsrt'1 hit l the' c'lut-r isst<.s ill I tlir 

I .,() 111.l itiltS tof \+i' ,. (O)t'is that the ('iletg, ticeds 1!t hfi iitral popili

tio should lbt' satis iliy'(l t'dl)l\ (lI't'lt)I)t'(l lotal 'sohimlCeS. A'IVrcaitts 

Sa.l keroscii shouhi ld t s 'l tiedtiinimallv hc;ilisc ]is wid' list' itcreasCs 
tile ( (¢'011011M, V11httcrablditcs of il( Illral areasl. Tlhe' 1<.,lamtivIs low, ht+ea\ilN 

ise o abo)Olishsulsidi~cl, kc'r1scu', lrite-s ti'(1 It) simltitst' cktosne, antI 

111(Cif Stf('t'r' afli'tt the itt 1 poputi lattion if' tlostlthf t' subsiel('s (1li( l a 

of them aie usi gi '.rlt'' hil. I)tcfc..its of keroseie lst' algl't that 

SinOc ktosvt'c is Hjlhri(lk Ai"t'r" ti y\pt' f fulel, it sholI he miele 

.:\s of l 982, keroseeiu\'uilatlt' to tht' itl,,al p)lulalil iom li t'(jltit\ i'slti1t 
t''itll\w k tiswa~s h~t'lllg sulbsil/e ic' l t olico.-M e Ill iti l. 

lit" ist' 1 kriiosene by tht' rlir-al populatioi ,rai.lseApart froi llel dehite til
ill rl'llal deve''hlpmen'it issuets have't been'll110rtc Itl ll iiilal~l c'ile'l 

ilic eeIigy istnucd (I l:ili s t,wlsl 1980). Bel(I'C('t'lIlfl. I"AlegV is a Ibasit 
(1liailit0olife aito to iiir('Ci' pr<tilt i\itV' anid

ailsia iiiiaisiI itli1l)ro\' t pa;rt oftllir-il dcvc't' opille<'il, lThe' ol)iteCti\'cCt,l po mctl~ii, it is aill imprt an'li 

,1 va\',ii t 11Turr1i1stii11d t's hv vali-lotis iHis Iitiilil l Ml Itid m e(sia is ai btter 

(l'thileI1t', hliasit inifortioiallnl ditidata onuiulersialliitliig oftlls prol'i il. 

CiIlg tl nsliluitit'l pattt'1iiitl ralrelas it(' nit iviilil)l'. liiioirliii

tit,;i abolit list's whit lyt's olft'il ty, 1,or wliil )lpiirut)t's,;ill,l b what 

iilliltllil is iilltoIlli t l policy platiniitg andl aial vsis.
 

ltilitilV has grai(tiilly bccotoe
lii litlio ilj Ititiilss alit kostii,t'it't 
'ano llter 1llll11)il~ilit compi n clltill ill I li' rolllA i iloli h l e'i't llery udget 

lhl(' 1980)national ( lislisiil I itfo<)iesii i(t'tals I lit' r'liiliV' imiportait' of* 

the (fif1-cil tv)t's ofult''-rg in ilial aireas (st' a.'bt'lI ). About 73.9 

t'rct'ill)t frral households ill Itidoit'sia list' hioiass and abiut 21.6
 

III t Iviitt' t \Vt'si Java.,lit'
pitentlist,ktoseti" Ilfr (otkiii. lic 

percentagt of hlioushioltls usiig hitniuiiss li ttitokiig is lower (65.9 

pereint) ndllllhle 'it'tliit' lisiligC kt'iostslit' is higher (32.9 )etttuit ) than 

oi rural ltuiseholdsthe nationiil average. Ketosetie is uise l bv 85 pertt 


for lhtign; il)lt 1. percet list' t'ct't riitv.
 
As otjlulv I1980. tbo'ut 7 percent (d ill xillages iMilndiesii had
 

out 525,00) litisel olds). lii 1G villagC.S, L ct-ricitv
t'lt'ctrivii (a 


was lrtvilc'tfd I)\ It' sitt' t'lt''t rititv rtilailiy (PIN), and, ill I .139
 

villagcs, clect ricitv was gt'erit'td bv local govrlliletllS, Villa Sot:ia
 

Comiiittees., r lpivatt' in(lividuials. Accodtliig to Ihe Thirdl I~ive Year
 

1983/3-), lit' state electricity ((01ittpalil'
)e\.ehol)llt nlt Plan ( 1979/0S)-
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TABLE 1. 
Structure of Energy Consumption of Rural Households (1980)
 

Percentage of Households
 
Types of Energy
 

Cooking Lighting
 

All Indonesia
 

Biomass 
 73.9
 

Charcoal 0.2 -


Kerosene 
 24.6 
 85.0
 

Gas 0.5 -


Electricity 
 0.2 
 13.9
 

Others 
 0.4 
 0.8
 

Not Stated 
 0.2 
 0.3
 

West Java*
 

Biomass 
 65.9
 

Charcoal 
 0.1
 

Kerosene 
 32.9 
 85.7
 

Gas 0.3 -


Electricity 
 0.2 
 12.7
 

Others 
 0.5 
 1.2
 

Not Stated 
 0.2 
 0.4
 

* Later sections of this chapter refer to West Java. 

will add 3,700 modern villages in its rural electrification project with a 
total installed capacity of 130 MW, adding about 625,000 households 
as consumers. The long-term target of the rural electrification project 
is to electrify 30,000 villages - an estimated 1.2 million households 
by the year 2000. 

Biomass. As shown earlie; biomass still is the predominant rural 
energy soturce. Since firewood as a source of energy is regarded as a basic 
need, the rights of village people to gather firewood for personal use 
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fronl public land are gralie(l b law, the so-called .prokk4eh(t. Bionuass is 

used not only for cooking by rural househiolds but quite extensively by 

rural industries. 
.Amljor )ro)lem in examining the issues relning to bitmnass is the lack 

A';iccuiate (lala ()Ii (0115iltll)tioIi a 1 liO(frduction. (omprehensive large

vet. )atau have been gathered illScale surve's have lIl been (01()( ltlled 

several ui diiated tii(leriakings at universities and institutionis, but 

their estiinates lack coitslitenuv (wee Wlabh 2). Several ,tudies indicated a 

b;Ise(f Oi estiiialtld ctMlSlttj)tiOnquite sub1stitidl short fall IfI firewnOMI, 
resuluted in increasing hef'orestaaind produhctinno figiure;, thought to has' 


tioll iandi) hiavt c' lsai ;stl ;ireas (A Iiiv;Ii( l anlii(t tolecoile critical
 

(Sitytwa'i I Il 1979). Fi od shorltage is not mil fit in deInselv 

ipnilated areas, stilh asJava, but also i sllparsely populited arid regions 

ill cas!trll lindmiesia. lhe Forest Ser\ice recogiliief this sitalion in earl' 

1960s, iif, with ihe First Five Y'ear lDevelpnient Plan (19i9/70

1973/71h a ioihinal lgini of greeiiing oft he lam wa c.irrieofd nut. 

Ilhe 1)rograill cmisiste,(d [f\'(tefhlrs, inely, (a) lilt establiiishment ()I 

new rests (verll WIII)\ Ieill or pIlblio Iorest laud (tile Rehmesl,'.!ioi 

Program), and (h) the 'ic IiragilietuIII (oftI, planting of' lereiitik Species 

e anl cinninu ily 1 )r( 1)yert(the (;reening M\oveilent). SubseomtIiva 
(lieiit ihvehlnl)Ill llains c(itt iiulel lhe Ihrogrli. 11h l'hird Plain targets 

ni.lll1lllare 3 (0(,0(() h; rifrestatioln ;tl 700,t))0 Ili gi eiing per 

Kerosene. li take the place of dwindlin firewood sil )lies, kerosene 

was (fist ributed to ome and mo e villages. Prices of kerosene were also 

kept low by subsidies. Froimn 1970 t llroltii 1980, tile national constlption 

of kerosene grew by about I I per-env per year. 

(;iCluhally kerosene sUlply beeaim a ainlor national prollem, partly 

because the growing sibsidies were affected bv the dfraimatic increases in 

oil prices and by t lie high growt h rate of cotsumlit ion and partly because 

pressures iere crealt (In the sulpply side. Ai oil-producing rointry, 

Indonesia became all i llpmter of kerosene. The rate of growth of kero
sene consumption declined slightly to 9.3 percen per year in tihe period 

1977-81 from a higher rate in the ealy 1970s. lvwever, ke-osene 

imports ttmore than tripled front 1977 to 1981. Subsidies of'kerosene 

increased substantially fron RpI 1-.60 (US SO.0-1) p,' liter in 1977 to 

Rp 88.20 (US $.1 1) per liwr in 1981 (Fable 3).' 

Ill 1981, then, tlie governiment subsidized mtre thiaii twice the aiouillt 

paid 1b, the colsiume. Rp 37.5 per liter (WtSSl.(6). lit [()la t Ilbsidies oii 

pel roleun p)io(liicts inclease(d i alboUt 1S $2 billion iii FY 1981 / 1982 

equil tlalolt 20 percenlt oftIle total govcrnment developiment expendi
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TABLE 2.
 
Estimates of Per Capita Biomass Consumption in Rural Indonesia
 

Region Year Consumption Source/study

3
(m /year)
 

All Indonesia 1956 0.50 
 Team Survey LP,1H 1970, in
 

Wiersum 1979
 
1970 0.72 FAO Estimate; T. Silitonga
 

1974, in Wiersum 1979
 
1975 0.86 Chandrasekharan 1977, in
 

Wiersum 1979
 
1976 0.84 Raymond Atje 1979
 

Java 1976 0.79 Atje 1979
 
1978 1.00 Satyawati Hadi and othrs 1979
 

East Java 1971 0.52 Sumarno and Sudiono 1973
 
1978 1.27 tladi and others 1979
 

Central Java
 
Whole province 1978 0.64 
 1adi and others 1979
 
Solo WS (water- 1969 0.74 LPHH 1969, in Hadi and
 
shed) 
 others 1979
 

1975 0.36 Wiersum 1976
 
(0.20-0.43)
 

1976 1.13 Wargsadidjaja and others 1979,
 
in Wiersum 1979
 

Wonogiri Area 1978 0.8-0.9 Directorate of Land Use, Dept.
 

of the Interior 1969, in
 
Wiersum 1979
 

1977 0.54 Yudodibroto 1978, in Wiersum
 
1979
 

West Java
 
Whole province 1977 
 2.08 Herman 1Haeruman and others 1977
 

i978 0.43 
 Hadi and others 1979
 
Citanduy WS 1977 
 2.22 Nasendi 1978
 
Cimanuk WS 1978 0.49-1.22 Haeruman and others 1977
 
Citarum WS 
 1979 2.53 Rusydi ind others 1979
 
Sukabumi Area 1977 0.40 8
Anonymous i97 ,in Wiersum 1979
 
Bogor Area 1977 0.35 
 Komarudin 1977
 

(Babakan)
 
Bandung Area 1979 0.96 
 0. S. Abdoellah 1979
 

(Sa!amungkul) 

Bali 
 1978 1.06 Hadi and others 1979
 

lires or to tile anount of all foreign assistance to Indonesia in that fiscal 
year. In early 1982, l)etroleum products' prices increased by about 60 
percent, but subsidies on kerosene st ill stood at about Rp 72.00 
(US $0.11 ) per liter. 

Raising petroletum prices traditiotally has stirred great controversy in 
Indonesia. Some people fiel that higher income households benefit more 

http:0.49-1.22
http:0.20-0.43
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TAbLE 3.
 
Kerosene Consumption, Imports, and Subsidies (1977-1981)
 

Consuwption Imports Kerosene Total subsidies on 

(million (million subsidy, petroleum prodL s as 

Year liter) barrel) (Rp/lt) percert of Government 
development expenditures+ 

1977 5,840 ).00 14.60 3.0
 

1978 6,631 4.37 17.90 7.2
 

1979 7,228 5.52 33.00 13.2
 

1980 7,787 7.46 62.50 17.6
 

1981 8,347 16.56 88.20 20.1
 

At year end.
 

+ Total subsidies of all subsidized petroleum fuels (kerosene, automotive
 

diesel oil, industrial diesel oil, and fuel oil) in the respective fiscal
 

year, starting April 1.
 

I lie )o)ulatiolt)cuclits rath r 

Ihln Itlhe poprlatioi No accurate is 
froni kerostie st!bsidies aii h lthua ilbal 

ril iilOriilationi aolt iSag' 

I 'iI)C.. l\ I aII M. Strill ill1978 (hise (l oilI(IN, ,)\I figuies coIleted1 in 

I976 )y I icNat ill O oiniIc Survey, orS I['SF[,,AS) Isiatel thatocit
clo 

2() p)it-citnof is (OIisIiIIt'(l 1)vIrilbai()l;il keroeneoni(Olialttl i i aIioiisill\ 

Iiouschol(ts f cor(kiig, lby e1i percent h\rlbliii hiiislu'h(hs for Ilighting, 20 
ti(ccit liv ru rill 13 i)ecelit b'yrural liotSehioust'holds lot-co)kiig, an 1 

I)l(ls hmr lighiIng. orliig Il)tIlie SI 'SINASSoiiVe'', )tecal)ita 

colli i )ion of kerosee bN. IIibanI Iioustholuts was dib)l Iii ItIcc itlmes 

the consisii iroof keroseneLbi rinral housetih lds. 

)ther people argu 1hat1111iictease of kei.sene prices would canse 

gre;Iter dlcIi)restatioi, ili(IlIi is severe tnvironiliiteail problemiuIs. Accol(I

ing to one art Il,hioweve; (ieinlailt for ire ood does not seemi to ie 

inuHiencedL\I hgIiwprice of kerosene. 1Ratis i the price of"keoseiie ineanis 

a sliolrl-t'riu iIItcrease inIt lepritceof Firewood IIhiI encotirges illegal 

br0irgili g. I lowevet; ra'isiI , gic ker)ste prices also p)rovioles ait intceiltive 

overtilie Ii cicse CMiiiIuIrciaIl firewood p)rooltIctiolI hy sp)llllntlteolis 
icforestation (I lIward lick 1980). 

HOUSEHOLD ENERGY SURVEY OBJECTIVE AND METHODS 

A rtiral ener gy sur'ey was untdertaken by lie Cen tire fo Stiategic and 

IntrialtiOnl S tsi (CSIS) iasIpait of1lalarClg St idy l)rJict on energy 



and incoi. (litril.Utioll iII ll(incsit. lThc entire st lldy was exclusively 
finallcd by (SIS anlid Iis ad lliilliisteled alid :ttried out by (SIS, tssisied 
by local constultlts (forestry expel ', with sutbstantial cxperietice In 
des ign iinga d ol )(Idtcl Iig Itlclwood<l I: sitrIveys). l'he ()t~jcct iv,mql)tilol 

of the lrger(gSIS st I(Idy wis to III((,V ,I IItwrole of cncrgy inItIe 
flatitonal eflh'Ot to protliole lettl '1 :loll of inconie in Ilecdevelop-
IIeillt process. I lence, Iic ticisoftlh st, ts Ito examineIlieI energy 
l)roblelis olt hc poo,r. 

Scope of Survey 

+he first phase of the st udy concent rated on rural areas, particularly 
oil spec ifli policy issues sic I as the fC ctsf o redlucilng kerosene subsidies 
ifupol the (Iuality of life oft Ie]c rural ltI lat io. Thc survey cotIsisted of' 
two parts: a rural hotuseholl energy survey, anl a rural (cottage) industry 
energy coilltlll tiol survey. (lhe ii(lhslru y strvve was a pilot survey of70 
establishmnits ct\veiiiig 20 t'es of indlust rial ac ivities i) fbur dis ricts.) 
lhe dis(ussiont hcie is coilfiliedl to the ht,,lclll stii-\cy, Olmiluctcd ill
 

Febratrv and Miarch 1980.
 
Tlhe ua household Clcl+.rp sl;t.rx va <<c,': +ituctcdi to)providc Iaselilno 

infouirmat ion 6. attalv/iing the holig-terili trenis of elierpy d('iclaiuf anld 
SPpl)lvI il rural ireas as ill'fliicced by iticolie chiliges, fucl slibstittitlol, 
or chlnges in technilhgy. hlie survev was lesigtne(l t) collect tlese kinds 
of in foli<mt ion : 

1. Clanges in the level and struct urc (conposition hY Iucl types and 
c(1(1 uses) ofenlcrgy c()iilli)t loll will iill)rnctiuCtlit in irll 
people's standrdli(r of livinig. 

2. 	 'he struict ure of l)i0ItIiss elner'gy cotistunptiol, ofr the uses of'
 
firewood and agricltlt irtl rcsifite.
 

3. 	 lhe c'ects ofcfiiiirciailizat 1 ltenergy, especialf of f'ire
Woo)d, ul])(ll ('lStIII|])I io>ll. 

-1.Efficiency in the uses ofct'rgv iii rural areas. 

Sample Design 

The main ctClsiderat ions guiding design of the survey involved collec
tion of in format ion froni a relatively large sample of IiusCholds ha\'ing 
specific characteristics reflecting diffterent hbcatioe s il \Vest Java. The 
main characterist ics were the general ecol)gical and geograplhical 
environment ofthe district and the level of, socioecotol)ic development 
of the village. West Java was selected because a large-scale survey in this 

http:Clcl+.rp
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TABLE 4. 
Characteristics of Selected Districts 

District Geography Ecology Population 
density 

Bandung inland 
good roads 

266 villages 

high plain 
plantation 
cultivated land 
forest 

716 

Ciamis inland/coastal 
poor roads 
197 villages 

low plain 

cultivated land 

brushwood 
forest 

firewood expoiter 

411 

Cirebon coastal 
good roads 

294 villagea 

low plain 
cultivated land 

critical land 
firewood importer 

1,135 

Garut inland/coastal 
poor roads 

176 villages 

high plain 
forest 
plantation 
brushwood 
firewood exporter 

400 

Serang coastal 
good roads 
282 villages 

low plain 
cultivated land 

critical land 

519 

quare
 

kilometer as of 1977/78 information.
 
Note: Population density is given in number of persons per 


province could be aIdministered fron Jakarta niore easily than one in 

other provinces andtit a MORI reasonable price and becaulse, according 

to f )rest ry expelrts, forestrv resources in many areas of Westjava were 
rail)idh'%dctcrioratimg. 

This stillCv"s sampling procedlure was purposive rather than random. 

After determining that about 1 percent of the villages in West.lava would 

Ie treated, listricts would be selected first and then co)unties. Of the 

4,039 villages recorded in the 1977-1978 statistics, 40 villages were 

selected. Five of the 2.1 (listricts were selected according to observed 

ecological and geographic differences (see Table -1and Fig. 1). And in 

each district, eight villages were selected by consulting the Village Statis

tics of'the I)epartment of the Interior. First selected was one county with 

most of the socioeconomic levels to be repiesented in the strvey. Then 

villages with other socioeconomic levels were selected from adjacent 

counties. 



WEST JAVA: DISTRICTS AND LAND USE 

* Serang 

:r - Cirebon 

Cultivated land 
____ 	 Brushwood
 

and plantation

SCritical land 

, Forest
 

LII Plantation
 

Fish cultivation - Study area Bandung//
districts 	 -

Industrial center Other districts Garut 
Ciamis 

Fi4,re'1. . It.ata: ii. f-trCts andLand Use 
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Ofhle I 039 v~il lages III We51 Jav'a, at1 Httjertettt werIcal grle) i/ ts)) I 

011atges. It, eIghI t vIIilages scleete( I lit eac IIh Ii h fIvet d istrctIs (T'I) It, 5) 
it Ilttcd Ohic trlilill villatge, fII t1 lilsittii villtgcS, anl%()i Ittleri 

villages. ,Hilts, t lhe Sisu/' I (I)5 ttctI.)S tt I)TVit Ik I p,; 10Xiltttt(I IIIV Ic 

tdit. esli/es (df cittgolics oi villages ill NWeS1.jia\ a ts it wItOc. 
IuH llcII)ttocv~ iel~dNdt11( was 11stImd)h(1(ol itlled:t'( 1t 5a~tlic si/t 01 

I per(t(e1t1 of toult( 1tt'Ahl w~t'. 5(-1(1 hlo B\ I lit ()IiIll cm(1It\ Magi. the 

sledt \sill~tgc.s tver 10ot tlltt sttt\(-. Iith1tttt1ttimt at~m) wV,~ (O(ttt-Ic (mt 

tt ;Utt ug~~li itsic oftIue villages. IliettICIl(IIS Mttl id haraictlettl 

numbuer )lii usftold Ill C( 1i \ ill1tgt Wits tegisWtit). hit I -~I)Vt-tIt 

Iiteluslit(It lie sauille~ Itestu11-liti It twill of'533 liotisehtolils, wsili t 

Sampujlitng itt(Itit'lt osimuhld [witl (lifitictit tiit gmltij) ill eact 
vI 1it- vilgt ltkti" lc~~e( isitlte, antit ll SiIVo ittec:,, t Ille list of, 

titxes pl~itdI litdi\ idli'l htoUlt'h(Wd5\'tst~l. If taIX tetOtdI WCtC IISCdl, 

itut') at lectst lo1u1 gi impi of culi-Itl laY. brii. cs. I'lte samIttc hutsehttlds 

WerVSt'tt I tol c) tIiiItpItitlottmils.tttlf. its htt aI,po)Ssible, propor

tIoit1IV. It shtOill W(lhI 1w;ejlt Il heItils oi lhiges (()I tliei s-ctetultries) 

Ios)Sibule lbiats wats jm-ltttittllouuseluolmd selectI inl. 

Data Collection Procedure 

I Il.wi \ c,\ \stI, ml 1titt \ttcw. (omtittttl with1 field ttttxtsuirenuellts of, 

fuel colustttit mi low ookittg antd light lig Il inte holtsehlolds suirveveti. 

1\i'tv- ill %CtIt WCI C itllo-tCd tot Owtfive dlistricts a((otdll" to theX 

ofhiuteoiftitiit1Ite 0Ii.md t oetf ttittttcl; tllie lotw lt haliulg distrtct, 

hwetach(Ist I lt i t ("al illut, .111d it ei (istiWitt, uvldItWfil iltte1111S, 

I11w 
StoetneutIIS. hhev' Iltd done1 fIt,!]I ill wvt"11tiili tlie 5stttH' sut1)tvismui5. Itl 
tilt)1, tdie supei-visolS hald ltelpt'd thec fesigtt of t hue sutrves Instrutttteot 

11w cttllcted d(ttlt (ctllhe cattegotiieul tito I I\( titi*prstis ofI ilettts: 
lmutsehltl cIillittteiist 1(. fuel(l lse hailis, lute!( (tusl Ott I ie! suply 

brieftg a ut~~hinttng li,(tcus iotIt~iiea atnd mlailig fileld Inca
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TABLE 5. 
Sample Description 

District County Village Village Sample of 

Typology Households 

Bandung Pangalengan Margaluyu Traditional V 17 
Lamajang Transitional 1 14 
Sukamaitah Transitional 1I 58 
Pangalengan Modern 11 69 

Rancaekek Bojongsalam Transitional IV 12 

Cangkuang Transitional V 16 
Haurpugur Modern 1 8 

Pameungpeuk Sangkanhurip Transitional III 12 

Ciamis Pangandaran Babakan Transitional V 11 
Sukaresik Modern 1 10 
Pananjung Modern 11 19 

Cijulang Kertayasa Transitional I 13 
Legokjawa Traditional V 13 
Kertaharja Transitional II 13 
Sidangsari Transitional III 10 

Ranca KaEo Transitional IV 12 

Cirebon Astanajapura Waruduwur Traditional V 4 
Japura Lor Transitional 1 9 
Kendal Transitional 1.1 5 
Kanci Transitional v 14 
Martapada Kulon Modern 1 10 
Martapada Wetan Modern II 9 

Losari Pasuruan Transitional ILL 9 

Pebedilan Kulon Transitional IV 14 

Garut Malangbong Malangbong Modern II 13 
Cihaur Kun~ng Transitional V 16 

Cikajang Cik.ijang Modern L 17 
Dangiang Transitional IV 10 
Tanjuang Raya Transitional 1 8 
Bojong Traditional V 6 
Mekar Jaya Transitional 111 12 
Cipangramatan Transitional II io 

Serang Kopo Pasir Buyet Traditionaj V 6 
Cidahu Transitional 1 5 

Petir Padasuka Transitional IL 5 
Seuat Transitional ILL 8 
Panunggalan Tran'itional iV 6 
Petir Modern 1 8 

Keragilan Sentul Transitional V 10 
Keragilan Modern II 12 



TABLE 6. 

Principal Data Collected 

Household Fuel Consumption 

Characteristics Fu-l Use Habits (measured) Specific Fuel Data Fuelwood Data 

1. Household Size and 1. Cooking: I. Cooking: 1. Source of Supply: 1. Collection of 2,000 samples 

Composition for lab tests: 

2. Education levels 
daily menu 
cooking stoves 

types and 
amount 

by types 
prices species and d- , collected 

cooking appliances (dayB 1-3) methods of collection moisture content and 

3. Household income: preparation and (distance, labor used, caloric value 

handling of fuels frequency, parts or 

main income tree) 

seasonal in'ome 

transfer i-icome 

4. Land ownership, 2. Lighting: 2. Lighting: 2. Supply problems: 2. Estimate Af biomass poten

area farmed, tial of home gardens by: 

cattle ownership types of lamp types and kind of problem counting fuel-producing 

area light-d uses household-level plants 

how long (days 1-3) solutions identifying species 

for what purpose frequency measuring diameter 

5. Crops produced 3. Other: 3. Other: 3. Fuel choice: 

6. Household expenditures ironing charcoal reasons for using or 

(days 1-3) radio, tv, other batteries not using 
electricity reasons for changes 

rural electricity 
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PRESENTATION OF RESULTS 

Results reported in tlerms oft It( ezra)' constilit ton by end use and 1)y 
type of energy, as in most sttldies on rural household energy counstmiltiot), 
provide a basis filr ident ifilg rutlll lhouslthold Qlergy nieeids and Ilits for 
fottrmulatiig hrioad elltergy stpply policies. l tt llial 10ln i"policy illll'sis 
oin price, e(Jullt, inl developeneit effctlS, hllowevcr, liitisl show whletlier 
sigtifittiitl ifettliC(,S o1 varialtions ,xisIt Ii iousciold otr individual 

etnergv cllltsillnlf)tiol, :lll( lilte '( tOts lih ticlitiig such \;iiatiOlns. 

Structureof Rural Household Energy Consuimption 

Th ,,'vtal ura l houslthohl ('lierv bidget ('slablislied ill I lie preseti 
stu(dy is illith low, r (atilavclage 6,50( kcal pet r capila petlday) Itian the 
earlier stt(Iy by I Iei'llani I Ilttiiia adf el icrs (all average of 12,00)) kcal 
per capita pet da\') (;ccT Ilablc 7). to li. IS siud ,, aboit 
80 p erct of all etlergv Ittii is for cuootkii g aid (liiV17.5 percent ftor 

lightilIg. lil' Satistics ItOIll tIllC I lutiilSitl dV 88 pt'ti('tt for 
cobkinlg and I I l)elc loti lightiling. 

'lleaverageeltterp b lilgelts di t l,tirinaily )ecaIlse tIhle Slt'ct i'es of, 
ellergy inl)ut diti:r. Coitlet Ial el.t1gy conistlitiled .1) percent of total 
tltigy il 1 iit il Iic (SV; stlv fuil ite I lacrlllilatl sluiivwas about 15 
p(tertl l itluiis tite level oftelirgv inllil reast'(d as tlie l)roportionlof 
tiotncoilitrfien.al telitrgy (biontass) in t lie total ctietgv lildget increased. 

The diflelelrce ietwe(i tletwo stlildies is parIif (iluc to ditlffeCit 
Conversion fltolol,. 1lic (SIS StlN itsel 1,20() kcal/kg for ljolmiaSs, 8,90))) 
kcal/I lot l 7,000 kcal/kg fircliatioal. ()itkerosene, attot thie oilier lhand, 
the I laeruitan stuily used 1,50)) k al/kg f li biouiiss, 9,00) [cal/I lor 
kerosene, and 6,700 kcal/kg lor hlircoal. 

Stludies istally mteasute t aliiolliilt ofettleiiY input, ial her tlall tile 
aillillill (if ulseful Ctlerpv, h)ecallse olhc prictical tlliteasrillng 
energy out piu. \ cleat ipict tiof tlie st rict iltteofteigv ttitslligllli i 
dill'enlt liolselold gloups is lleref'Ore iltllltlnl. Solllt' llonseliolds otlv 
Ise leiotlass, Solie otlla tse ketosene, atnd otehtslist' oii ot cooking. 
Since ketoseet is a itiote efficient type ofetlietlv, ltouselolds usitlgtold\ 
kerosene wotuldIneed less etleIgy inputs Ilial those usilig only biolilss 
for cooking. 

Factors Affecting Household Energy Sources 

Since energy for cooking predon ihales ilii ie iousehold energy 
budget, Oit st udy fitst disaggregates sanlie households into triee 

http:tiotncoilitrfien.al
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TABLE 7.
 
Rural Household Energy Budget
 

(per capita per day)
 

Hlaeruman and others
 

(1977)
 
CSIS 

(1980) 


Number of villages 40 10
 
200
 

Number of households 533 


kg 1 kWh kcal (%)

I kWh kcal (%)
Consumption kg 


Cooking
 

2.85 9,990 83.4
3,710 57.1
Biomass 1.16 

4.3
.05 510
.17 1,510 23.3
Kerosene 


10,500 87.7
5,220 80.4
Subtotal 


Liht i 

1,340 11.2

.12 1,070 16.4 .14


Kerosene 

--Electricity .08 70 1.1 


1,340 11.2
1,140 17.5
Subtotal 


Other 

140 1.1
140 2.1 .02
Charcoal .02 


+ 

11,980 100.0
6,500 

+ 
100.0
Total 


(See
in per capita consumption per year.
Original figures were given 


Studi Konsumi Sumber 
Daya Eergi Pdesaan 1977).
 

.Uand 50.1 ZU.+ Respectively 27.2 

(or INypcS") ut i Ititsl ( ot1coiking: )i0flass oIly,
groups based on )pc 1 


IioIiass and kerosene (nii ,CII)id ken 1501teIoil ly. ()1 itle 5313 samplc
, 

households, 232 households (or .13.5 pereiit) use onlv hiomass, 112 
kerosene, ,an(1 189

houseliol(Is (or 21 .0 percett) Use hot II bioniass ,II( 

kerosene for (ookinlg (see "lable 8).
households (35.1 percelit) use oilhN 

ifm! Ih) cooking for Ite th ree groups
ruct ure ofnrgy (, ilcosl 

is examined b\' incme level, size ol ,louselhold, village I vpology, (listrict, 
T he stI 

aind state( reasons t'or use. 
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TABLE 8.
 
Structure of Energy Consumption for Cooking
 

Household 
 Percentage of 
 Percentage of Households Using

Categories 

Households 

Biomass Mixed Kerosene 
Only Only 

Income
 
(Rp/cap/month)
 

Under 5,000 37.7 
 59.7 18.9 21.4
 
5,000 - 7,999 28.7 
 36.0 19.6 44.4
 
8,000 - 14,999 23.3 
 30.6 25.8 
 43.5
 

15,000 and above 
 10.3 
 34.6 21.8 
 43.6
 

Household Size
 

Less than 5 
 33.4 
 52.8 10.7 
 36.5
 
5 - 7 
 45.0 
 39.2 25.0 35.8

8 and above 
 21.6 
 38.3 28.7 
 33.0
 

Village TV e
 

Traditional 
 8.6 60.9 10.9 
 28.2

Transitional 
 58.5 50.3 22.4 
 27.3
 
Modern 
 32.8 26.9 21.0 
 52.0
 

District
 

Ciamis 
 18.9 80.2 4.0 
 15.8
 
Garut 
 17.3 
 69.6 16.3 14.1
 
Serang 
 .1.3 58.3 20.0 21.7

Cirebon 
 13.9 
 29.7 21.6 
 48.7

Bandung 
 38.6 14.6 31.5 
 53.9
 

All Households 
 I00.0 43.5 
 21.0 35.4
 

Income. I houscholds ae grotled Iw average per cal)ita ilcolie per 
ont ILhA Jverty levelIIlas been seI at about 25 kg of 'ice or Rp15,000 pci

capita per 111lol1Ih. I oltIseholds al)ove the povrtit level are fnrt her (Iisag
gregated (rat her arbnit rarilv) iIItIothlice i IllIce classes. Nearly 60 prcent
of, households in the lowest iIIcoIIle grotIp use only biolIass for cooking'
between 31 anld 36 percent use onlV Ilioilass in higher income catcgories. 
This is prcdictable since biomass is availablc 'ree.Notlably, once inlcom1le
reaches the loverty level, the lrolport ion of holtseholds using only kero
selle for cooking increases from about 21 to 1-.1lercent and stays at that 
percentage liw higher income categor-ics. 
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Household Size. As th. size oft lie li)tseloId (size icludes nonmeinl
hers eating in respect ire household) incrcases, the proortiOns of Iotse-

Ihfolds using on, biomass or onlyN kerosene f61 cooking both decline. In 

other words, larger ionsehIlolds Itend to use a Imix of lbioinas and kerosene 

for cooking. 

Village Type. A malJority of hotselholds in I alit ional villages use only 

bionlass for cooking, whereas about 52 percent of liouselolds in modern 

villages use only kerosene fbr co)king. l'iiis is l)rolably because couimer

cial energy is iore accessible in iielorn villages. 

District. ['ht five (list riots survcved exhibit (Iif''reitecological and 

geograpic characterist ics. lhe (inmis and Garut (list ricts both have 
i \ey hoth exportabout *400persons per sqIkin both have pool'roads brod 

firewood. I lowevct, CiaIis is low plain while Garut is high plain (ioun

tainous). Most rural households in these (list ricts use only bionass and 

only a Few use only kerosene for cooking. 'lhe Banduntg (list rict is more 
dlensely l)olllel (7116 lpersos pt' sq kin) than Ciaiiis and (artlt. It has 

l)lanit; ion ild Irest areaIs while villages and cities arc well connected by 

good roads. Ihire, about 5-1 percent of rural households use only kero

sile and only 15 perccmti use onlv hioniass lt-cooking. 
Cirehon is vers (elcnsclv populated, with 1,135 i, ons per sq ki. 

'heCIrebon (list riot has relat ively good roads ar ,cultivated lands 

Mid iniports fircwood and agricultural residue. early half'ofthe 

rural householls ill C irehon utsc olly kerosene or cooking. 

'lhe Serang (list rict is less dcn.cly poputlted than Bandung and 

Cirebon atnd has relati ely good roads. About 58 percent of'rura;l house

holds use only bi mass,while about 22 percent tise only kerosene lo 

tooking. Apl)ar'cittly, as Ipoplation lensity increases so does the propor

tion of hmseholds using kerosence for cooking. (hlie trend also was 

reflected inthe 1977 1lacruiman st udy.) Also, phy;ical in f'rast ructu re, 

apart fioni local availability of fuels, (doessit lgly affect the st ructure 

o[neirgy constimpt Ion by households. 

Reasons for Fuel Selection. Most respondents who used only kerosene 

fi' cooking said they did because it was "clean and practical" (see TFable 
9). Those responilents who did not use kerosene for cooking said fire
wood was inexpensive.

lh prices of bot It kerosenie andtFirewood (1odiffer from area to area. 

In the firewood-producitg and exporting district of Ciatnis, lor example, 

the price of firewood islower than in other districts. The price of kero

sene ishigher there than in other districts largely because of its poor 

roads and transportation system.2 
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TABLE 9.
 
Reasons for Using or Not Using Kerosene for Cooking
 

Households Using Only Kerosene (n - 103)
 

1. Clean and practical 61%
 
2. Efficient in use 33%
 
3. Inexpensive 30%
 
4. Firewood is difficult to use; more expensive 18%
 

Households Not Using Kerodene (n - 29)
 

1. Firewood inexpensive 38%
 
2. Kerosene expensive 7%
 

TABLE 10.
 
Structure of Energy Consumption for Lighting
 

Household Percentage of Percentage of Households Using
 
Categories Households
 

Kerosene Mixed Electricity
 
only only
 

Income
 
(Rp/capita/month)
 

Under 5,000 37.3 84.1 4.0 11.9
 

5,000 - 7,999 28.7 76.5 3.3 20.2
 
8,000 - 14,999 23.3 72.6 8.9 18.5
 
15,000 and above 10.3 60.0 14.5 25.5
 

Household Size
 

Less than 5 33.4 78.6 5.1 16.3
 
5 - 7 45.0 78.7 4.6 16.7
 
8 and above 21.6 69.6 10.4 20.0
 

Village Type
 

Traditional 8.6 100.0 - -


Transitional 58.5 81.4 5.5 13.1
 
Modern 32.8 63.4 8.6 28.0
 

District
 

Cirebon 13.9 100.0 - -

Ciamis 18.9 93.1 5.9 1.0
 
Serang 11.3 90.0 10.0 -


Garut 17.3 89.1 1.1 9.8
 
Bandung 38.6 51.0 9.2 39.8
 

All Households 100.0 76.7 6.0 17.2
 



Lighting is tile second major use of energy illrural ho tiseholds. Of'the 

surveyed households. 409 households (76.7 percet) use only, kerosene, 
32 households (6.0 percent) use both kerosene and electricity otr lighting, 
while 92 households (17.2 percent) use only electricity (see Table 10). 

Among the lowest income households, about 8.1 percent use only kero

sene and about 12 percent use only electricity for lighting. In tile highest 

income category, about 2'i percent of households use only elect ricity and 

about 15 percent use el , c it Y in conmbinat ion wit I kerosene lamps. The 

survey suggests that larger to-oeholds are more inlClined to stubstitute 

electricity for kerosene. At the time of the survey some households with 

generators gave away their excess elect ricitv to some of, heir poo '-r 
neighbors. 

'lhe most striking (ilfleretice iIthe st rtct tire of e ergv coisiuptio 

hr lighting is tiat all households in traditional villages use only kerosene 

fhr light ing. Wit hi it provement s in the socioecononi iccondit ions of 

villages, the t)tl)i-tioi of hotuseholds tsing oldy kerosene (leclines. In 

miodlern villages the proportion is 63 l)ercent, probably because the 

national rural electrification progran stilrs with villages of higher 

socioeconomic levels. 
About 90 percent or more of the rural households use only kerosene 

For lighting in four of' the districts, excluding Bandlung. InI Bandung, 

where in frast ruct re is relatively better than in the other districts, close to 

40 percent of' rural households already use only elect ricity and only 51 

percent rely on kerosene hor lighting. 
Most respondents who used only electricity for lighting said they did 

because it was "clean and pract al" (see "l'able II). Those not using 

electricity said the main treason was tie high installment cost. 

Pattern of Energy Input for Cooking 

IOcompare tlie levels of energy consumed lot-cooking by type (or 

types) of fuel, it is instructive to compare the level of'energy input of' 
households using onlyt biln ass with the level of energy inltn of'thIn se 
using only kerosene fot' cooking (see 'Flable 12). 

As per.cal)i ta income increases, per capita il )tit (i'f eiergy for cooking 
incre;ses, )otI for hiomniss and tot-kerosenie. lhe avei'ag! l)er capita 

kerosene itiput hi' cooking i tie highest income groip is twice as nuch 

as for thc lowest income group. 1'se of hioiiass per capita by the highest 
income group is twice its use by the itwest income group in terms of' 

kilograms, but only 1.5 tlihes its use by the hwest imcome grotip iinheat 

equivalent (kilocalories orjonles). Apparently tie highest income group 
uses less "efficient" bionmass than does tile lowest income grotup perhaps 
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TABLE 11. 
Reasons for Using or not Using Electricity for Lighting
 

Households Using Only Electricity (n = 34) 

1. Clean and practical 71%
 
2. Facilities provided 21%
 
3. Better life conditions 18%
 

Households Not Using Electricity (n - 101)
 

1. digh installment cost 50%
 
2. Awaiting connection 43%
 
3. No access 
 8%
 

TABLE 12.
 
Input of Energy for Cooking
 
(per capita per day)
 

Household Households using
 
Categories y
 
Income Biomass only Kerosene only 

+(Rp/cap/month) kg kcal/kg* mJ 1 MJ

Under 5,000 1.57 3,330 21.9 .27 9.7
 
5,000 - 7,999 2.04 3,150 26.9 .32 10.0 
8,000 - 14,999 1.71 3,160 22.6 .38 13.7 
15,000 and above 3.41 2,260 32.2 .53 19.0 

All Households 1.86 3,090 24.0 .35 12.7
 

Based ou results of laboratory examination of biomass samples taken from
 
the respective households.
 

* Assumes that I liter of kerosene has a heat content of 37.2 MJ.
 

because poorer households usually collect dry twigs, and the highest 
income households use freshly cut branches of trees from their own 
honeyards and gardens. 

The pattern of energy inputs for cooking at four different income 
levels reveals that kerosene generally is twice as efficient as biomass as a 
Fuel for Cooking (Fig. 2). In early 1980, people in the lowest income group 
ising commercial firewood for cooking paid about Rp 16 to Rp 20 (about 
US $0.03) per capita per day (based on an average market price of 
:ommercial firewood of Rp 10 to Rp 12.50 per kg in Cirebon). If people 
n that same group used kerosene, they paid about Rp 10 per capita per 
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Figure2. Energy Input bor Cooking by Income Grcup 

day in 1980. Prices of kerosene vary by district so comparison is based on 

the average price in rural markets of Cirebon of Rp 38 per liter. With a 

new government policy to reduce kerosene subsidies in eariy 1982, 

kerosene costs increased for the lowest income group to Rp 22 per capita 

per day at a market price of about Rp 80 per liter in rural markets, with 

an official price of Rp 60 per liter. Thus, it became more expensive to use 

kerosene than commercial firewood at then prevailing market prices. 

Apparently (without 1982 fuelwood prices available), the price of com

mercial firewood tends to increase with the price of kerosene. 

Households using only biomass for cooking have a lower average per 

capita income (Rp 6,310 per month) than either households using only 

kerosene (Rp 9,080 per month) or households using both kerosene and 

biomass (Rp 8,870 per month). Households using mixed fuels for cooking 

(Table 13) usually need a higher energy input per person (32.6 MJ/day) 
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TABLE i3.
 
Input of Energy for Cukine of Households Using Mixed Fuels
 
(pcr capita per day)
 

Household Energy Input
 
Lategor ie_
 
by Income Kerosene Biomass fotal Kerosene with
 
(Rp/cap/month) Mixed Fuels as
 

1 iJ kg MJ NJ percent of
 
"normal" use
 

Under 5,000 .16 5.7 1.32 18.4 24.1 58.7
 
5,000 - 7.999 .25 9.0 1.53 24.5 33.5 78.2
 
8,000 - 14,999 .28 10.2 2.07 28.1 38.3 74.6
 
]5,000 and above .40 14.4 2.14 27.6 42.0 75.6
 

All Households .24 8.8 1.68 23.8 32.6 69.5
 

* "Normal" use is defined as use of only kerosene. 

than households using only kerosene (12.7 MJ/day) or households using 
only biomass (24.0 MJ/day). Households using mixed fuels for cooking 
may exhibit different cooking habits from other groups of households. 
Only about one-third of all households using mixed fuels for cooking 
belong to the lowest income group; 53.6 percent are households of 5 
to 7 people, 62.5 percent are households in t'ansitional villages, and 
58 percent are households in Bandung district. 

In households using mixed fuels for cooking, about 27 percent of the 
energy input for cooking is kerosene. The change in this proportion from 
24 percent in the lowest income group to about 34 percent in the highest 
income group suggests a substitution of kerosene for biomass as income 
rises. (Based on survey results, income elasticity of kerosene input was 0.4 
for households using mixed fuels and 0 for households using only kero
sene for cooking.) If households using only kerosene for cookiag are 
named "normal," households using mixed fuels tend to use about 75 
percent as much kerosene as the "normal" amount, ifthe household is 
above the poverty line. For households below the poverty line, the propor
tion is about 59 percent. 

That per capita energy input for cooking declines as household size 
increases suggests some economies of scale. Per capita cooking energy 
input for households with eight or more members is about half that of 
households with less than five members. I f due to socioeconomic devel
opment, the size of rural households tends to become smaller, per capita 
energy input for cooking can be expected to increase. 

Average per capita energy input in transitional villages tends to be 
higher than in traditional or modern villages, except for the group of 
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TABLE 14. 
Pattern of Energy Input for Cooking (per capita per day)
 

Households Using
 

Mixed
 
Only Kerosene
Households Only Biomass 


Categories Biomass 
 Kerosene
 

kg MJ kg Ri I mJ 1 "i
 

Size
 
Less than 5 
 2.47 31.4 2.99 42.3 0.35 12.7 0.48 17.2
 

21.4 0.23 8.5 0.30 10.9
5-7 1.49 19.1 1.49 


1.32 18.7 1.25 17.5 0.19 7.1 0.24 8.8
8 and above 


Village
 
Typology
 
Traditional 1.71 22.9 19.3
1.34 0.20 7.3 0.34 12.4
 

2.09 29.6 0.27 9.7 0.33 11.9
Transitional 2.01 25.0 

7.4 0.37 13.4
Modern 1.43 18.1 0.95 13.3 0.20 


District
 
34.9 2.18 30.8 0.30 11.0 0.35
Bandung 2.45 12.6
 

Caimis 2.17 1.11
25.4 18.3 0.20 11.4 0.26 9.4
 

22.9 1.27 15.0 0.12 4.4 0.30 10.7
Garut 1.70 


Serang 1.43 20.2 0.98 9.6 0.20 7.2 0.41 i".9
 

Cirebon 
 1.00 13.5 0.89 13.4 0.16 5.7 0.39 14.1
 

households using only kerosene for cooking (see lable 14). Households 

in modern villages use more kerosene for cooking and t lie proportion of 

households using only kerosene fi cooking is mairkedly higher in 

modern villages. Per capita bioiass use is highest in transitional villages 

perhaps beca use 36 percent of all those sample households are in the 

Bandung district, where per capita bioniass input is highest. That level is 

even higher than in the two firewood-exporting districts, Ciam is and 

Garut, l)erhaps because the average income of the rural population in 

Bandung is also higher. 

Pattern of Energy Input for Lighting 

As income level increases, per capita input ofenergy for lighting also 

increases (see Table 15). Among households using only kerosene and 

those using both kerosene and electricity For lighting, the highest income 

group uses on average per capita more than twice the anmount used by the 

lowest income group. Among households using only electricity, the 
increase is even larger. 



TABLE 15. 
Input of Energy for Lighting (per capita per day)
 

Households Households Using
 
Categories
 

by Income
 

Electricity
 
(Rp/cap/month) Kerosene only Mixed Only
 

I MJ 1 kWh J kWh MJ 

Under 5,000 .11 4.2 .04 0.12 1.9 .24 0.9
 
5,000-7,999 .16 5.7 .06 0.08 2.5 
 .31 1.1
 
8,000-14,999 .17 6.3 .06 0.20 3.2 
 .47 1.7
 
15,000 and above .28 10.0 .09 0.26 4.3 .72 2.6
 

All Households .15 5.6 .06 0.18 3.0 
 .39 1.4
 

The average per ca)ita income of households using only kerosene for 
lighting (Rp 7,200 per mont h) is lower than the income of households 
using only electricity (R1, 8,990 per month), or of households using both 
kerosene and elect ricity' (Rp 12,5 10 per month). The kerosene input of 
households using both kerosene and electricity is about one-third of the 
kerosene in l)ut of hou1seholds using l,Nkerosene for lighting at all 
income levels. 

As household size increases, per capita energy input for lighting 
declines, according to the survey. Village typology does not seem to 
directly aftect levels of energy inptit for light ing. Traditional villages in 
general re!y totally on kerosene for lighting. Villages surveyed in the 
Cirehon district have no access to elect ricity and rely totally on kerosene. 
(;enerally, in vill;iges where elect ricity is not widespread, per capita 
kerosene input for light ing tends to be highest. 

Fuel Supply and Availability 

Biolnass and kerosene are the main sources of energy for rural house
holds. For the total sample of households, biomas.i constitutes on average 
about 60 percent oft he total household energy budget, and kerosene 
the remaining .(0 percent. Nationwide, the share of biomass could be 
much larger. 

Biomass is essentially a locally available source of energy. Intra- and 
interdistrict trade of bionass is undertaken mainly in response to the 
needs of rural industrial establishments. Commercial firewood is only 
used by a limited number of households. In the Serang district, for 
example, higher income households purchase their firewood from 
industrial establishments supplied regularly by traders. 
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hirm-/orestl'ing, Sukabumi, Ceutraljava. (R. Van De eIdI) 

Kerosene is su)plied from national depots, administered by Pertaiina 

as a state enterprise, and (listributed through dealerships operated by 

private companies or agents. From the (e)ots, kerosene is transported in 

fuel trucks by distrI)ut ion dealers to their sti)bagents out to the (istricts. 

Then barges, small boats, or carts (listribute it to vendors or local retail

ers.So, by the t tine kerosene reaches ce:nsumers in the villages, the 

average prices often become 50 to 100 percent higher than the official 

retail price. Kerow;ete isnot evenly (list rit)tlte(l throughott Indonesia. 

Villages in remote and mountainous areas usually have no access to 

kerosce d ue to lack oftintfrast rticttre. In tlihe Ciamis (listrict , wIhere 

roads are still in a poor coi(liti,.m, some households have to go as far 

as 10 km to get kerosene. 
Ofthe 533 households sur\cyedt, 3 - households (6-1.5 perccnt) use 

biomass for cooking. TIhe sources of their biomass su)l)Iy are mainly 

their home yards and their gardens and estates (see 'Fable 16). Forests or 

brushwood contribute only 5 to 8 p)ercent. 
Itouseholds that collect their owni bioiass also reported on the 

typically usel parts ofthe tree. About 61 percent of the households 



I 1-1 Rurl L"niigy to Meei Development Needs 

TABLE 16. 
Sources of Biomass Supply
 

Source 
 Percentage of Households
 

Col lecting from 
Home yards only 7.6 
Garden/estate only 64.1 
Forest/brushwood only 5.2 
Home yards and garden/estate 5.0 
Home yards and forest/brushwood 1.2 
Garden/estate and forest/brushwood 1.5 
Other 2.0 

Sub-total 86.6 
Purchasing 13.4 

Total 100.0 

TABLE 17. 
Tree Parts Collected as Fuel
 

Parts 
 Percentage of Households
 

Twigs only 
 27.4
 
Branches only 
 5.1
 
Trunk only 
 12.3
 
Twigs and branches 
 28.8
 
Twigs and trunk 
 12.0
 
Branches and trunk 
 12.7
 
Other (roots, etc.) 
 1.6
 

Total 
 100.0
 

collecting their own biomass only collect twigs and prune branches. 
About 37 percent of the louseholds cut the trunk (see '1Khle 17). 

Energy "Problems" of Rural Households 

The questionnaire included items related to problems of supply and 
availability as faced or perceived by rural households in the fulfillment of 
their energy needs, both for cooking and lighting (see *able 6). It can 
be expected that dif erent types of households face difTerent problems. 
Their solutions to those problens will also be different, depending upon 
constraints and opport unities, both at the household level (budget 
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constraints or stibst ittion possibilit ies) and locationl-wise (availability 

tIse inI Inealby villages or availafbilit yof' Iternt ive sourcesof fuels ill 
of energy). 

terms of tuels for cook ing, allotit 23 percent oftthe 533 householdsIi 

surveved face frequiel t disruptiolIs iI the filfllent of their energy 

needs. Otthose households, 6;2 pe'cent fice poblems relating to the Ise 

lfhe niture of'the
of biotlnass and 38 percent in relation to kerosene. 

problem Inay be n 'tilvaihlility(exlperienccl b\ 37 percent oftthose 

houselhltlds), scarcity antI/or cost coinsiderat ion (55 percenit), or o0her 

reasons (7 percent), such iswcat her condition (biontass hecones too wet). 

In dealing with those Iproblemns, about 50(1 percent (ft hose households 
ices ofsupply (inlook lot ,irhbstittutes, about 38 percent seek other sour 

thfuel at higher prices, and aboutnearby villages) or coint ime to Ilse tlie 

12 perceit reduce their cotislitllion of elergy for cooking. 

'Lble 1"shows the (iffelelices il titagnitude alid nattre ofthe prob

lent by (fistrict, by village type, aitl Ia' household incot e. l'hese results 
;trtut
suggest that rural households in the (istlicts of liandulg aid are 

Miore pionle to Faicing (fisruiptiois (aoind 30 percent of' Ioiseholds). This 

stiggests that while kerosenc has peni'trated relatively more extensively ill 

Bandung disttict, its (list rilmtiol network is still relatively poor. Iill 'atit, 
as

aIfirewoOd-eXlportintg regiol, scarcity ol'biotmass has become a problen 


a resuh ofdiversioi from ol mttarkets to otitsidc regions, which also
e 

tend to increase prices illhtole markets.
 

Ili Banlldung. houselolds facing disrtuptions in the Suply ol'kerosene
 
(Gartt.inost households look


tetd to Stbstittlte bionlass for kerosene. liI 

elsewhere for bionass supply or coitinule to use it at higher prices. Itl tile 

three other (list ricts, oilv about 13 to 1.1 percent ofhotiseliolds face 

energy supply problems. lheir responses differ: in C;ireboii about 40 

percent of households reduce their energy cotsunpt ion, anll in Cilnis 

;aiti Sertang most households look elsewhere For fuel supplies. 
.oblemns itl

About 50 perceit (fliouseholds ill tadtitionual 'illages f|ace 


the supply of' boi Iioniass and kerosene fo cooking, most ofte (file to
 

villages only about 20 percentiotllavllability. Iltratnsitionial and nlmoderl 


of' households Falcc fieqtuent dis'uptions illthe supply ofcowoking fuels,
 

often related to biomass suiplyY.
 
the fitlf'illetnt of'


Poorer households tend to face greater problems ill 


their cooking energy needs.About 28 percent of huseholds withitper
 

toti hIlace dif'icilties, especiallycapita income of' under Rp 5,00) per 

with regard to bionmass supply, tainly due to scarcities or high costs. Only 

about 20 percent of'houselholds in the higher income groups (Rp 5,000-


Rp 14,999) experience those p'oblems, wit h regard to both biotnass and
 

kerosene. In dealing with t Iem, these households tend to look for substi



iAbLt. Id. 
Problems of Energy Supply and Availability: Energy for Cooking
 

Categories 

of 
Households 

Total Smple 

of 
Households 

Households 
Facing 

Problems 

(percentage 
of total 

households) 

Type of Energy 

Biomass Kerosene 

Of Households Facing Problems 

Type of Problem 
Non- Expen-

Avail- sive; Othera 
ability scarcity 

(percentage) 

Substi-
tute 

Solution 

Reduce 
Use Otherb 

By District 

Bandung 

Ciamis 

Cirebon 
Garut 

Serang 

By Village Type 

206 

101 

74 
92 

60 

31.5 

13.9 

13.5 
28.3 

13.3 

47.6 

78.6 

70.0 
76.9 

87.5 

52.4 

21.4 

30.0 
23.1 

12.5 

57.1 

35.7 

-
11.5 

12.5 

42.9 

28.6 

60.0 
88.5 

87.5 

-

35.7 

40.0 
-

-

63.5 

35.7 

30.0 
42.3 

12.5 

14.3 

-

40.0 
3.8 

12.5 

22.2 

64.3 

30.0 
53.8 

75.0 

Traditional 

Transitional 
Modern 

By Income 
(Rp/cap./mnnth) 

Under 5,000 

5,000 - 7,999 
8,000 - 14,999 

15,000 and above 

All Households 

46 
312 

175 

201 

153 
124 

55 

533 

50.0 
18.3 

23.4 

28.4 

19.6 
21.0 

12.7 

22.7 

56.5 

66.7 
58.5 

73.2 

50.0 
57.7 

57.1 

62.0 

43.5 

33.3 
41.5 

26.8 

50.0 
42.3 

42.9 

38.0 

65.2 

21.1 
43.9 

26.3 

46.7 
65.4 

57.1 

37.2 

21.7 

68.4 
56.1 

64.3 

34.5 
30.8 

42.9 

55.4 

13.0 

10.5 

-

9.4 

18.8 
3.8 

-

7.4 

65.2 

54.4 
34.1 

43.9 

50.0 
53.8 

28.6 

49.6 

8.7 

19.3 

2.4 

12.5 

10.3 
19.2 

-

12.4 

26.1 
26.3 

63.5 

43.6 

39.7 
27.0 

71.4 

38.0 

Notes: ausually because biomass was too wet due to rain.bLook for supply elsewhere or continue to buy at higher prices. 
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lutes. III contrast, those probelIis are lelt by only abott 13 percent of' 

households illtile highest income gropI (Rp 15,000and alabove). When 

[acing prol)Ims, most oFlthese households look for suipplies elsewhere or 

contintite to l)ui at higher prices. 
In terms of 'uIels for lighting, olthe 533 hoisehol(s surveyed,abiout 21 

p)ecCetIt experience 'reiitutstp)ly dlisruptions. ()lthose hotiseholds, 6.1 -
relation topercent face probleIms of kerosene supply and 36 lercent ihl 

lhc kinds oflproblems l[aced bw households usingsupply of'elect ricitv. 
kerosene for lighting are notiavailability and increase inlprices. For those 

using clectricity, the problem is almost exclusively related to blackouts. 

When [iacing difficuli ies iltlie suplly of energy flblighting, about 4(0 

percent of hotiseholIs reduhlce t heir conslimil)t ion. is inl contrast toI'lhis 


their behavior whel experiencing )rol)eims illtile supply of energy for 

cooking, where only 12 percenit ofl ihiiseliolds reduce their constmp~tion. 

lable 19 cxliit s tile di lerences inl mgn it tide and nature of the 

proell m of eleirgy for lighting as laced by dilrelnt categories of
 

ablout 37 l)ercent of households exj)erieince
households. IlII (atnrt, 
lhe
problemns in t lie supplY ofleiiergv for lighting, primarily kerosene. 

Proport ions of households iacing the problem are about 23 to 2.1 percent 

itnBadtitig and Seranag,ii(l oily about 8 to 9 percent in Ciamis and 

Cireoltl. It ile latter two(districts, increase inl tile price of kerosene 

sortlce' of tlie problem. While iinCiamis about 78constitutes Ilie ainit 

percent oft Ihose hmscholds (omt itluc to btuv at higher prices, in Cirebon 

abotit 67 percet ;iud il lt IIl Batil'tg and (Garuittnic thlt -10 percent 

oft hose holselholds teidi to reduce Ilhi, monsutl)t ion of clergy
 

fOr light ing.
 
t ralit ional villages fa;ce greater p)roblems in fuilfilling
I loseliolds ill 

lighting (.18 percent of liouselolds) than thosetheir energy needs fior 

in transitiontal ait modern villages (19 percent). Trladitional villages
 

ustually are tiiore deetidetit tipon kerosene, and nonavailability of
 

kerosenie seems to cotnst it tite a major source oftthe problem. W hel [acing 

disrupt ions, niost o't hese households (68 percettt) red tice their kerosene 

Conisuml)tion frIlightitg. liItmodern villages, of houselholds eXperiencing 
use electricity;problems ofcilergy supply Fbi light ing about 64 percent 

blackouts are the main 1)roblemlt. These households tend to retuirn to the 

use of kerosene. 
Lower income househol(ls teid to lace greater problenis than higher
 

income households inl the fulfillmnt of their lighting needs. As can be
 

expecte(l, kerosene supplies arc the main probletin fir lower income
 

hotseholds, whereas blackout s iiit lie supply of'electricity are a I)roblenm 

For higher incotiie hiotiseholds. 
Wlheti facitig problems, Iigher income hotischolds sttstitute kerosene 



TABLE 19. 
Problems of Energy Supply and Availability: Energy for Lighting 

Categories 

of 
Households 

Total Saple 

of 
Households 

Households 

Facing 
Problems 

(percentage 
of total 

households) 

Type of Energy 

Kero- Electri-
sene city 

Of Households Facing Problems (percentage) 

Type of Problem 

Non- Black- Expen- Substi-
Avail- outsa sive tute 

ability 

Solution 

Reduce 
Use Otherb 

By District 

Bandung 

Ciamis 
Cirebon 
Garut 
Serang 

206 

101 

74 
92 
60 

24.3 

8.9 
8.1 

37.0 
23.3 

50.0 

100.0 

100.0 
70.6 
57.1 

50.0 

-
-

29.4 
42.9 

48.0 

22.2 

16.7 
47.1 
7.1 

50.0 

-

-
23.5 
42.9 

2.0 

77.8 

83.3 
29.4 
50.0 

50.0 

11.1 

-

32.4 
42.9 

44.0 

11.1 

66.7 
41.2 
21.4 

6.0 

77.8 

33.3 
26.5 
35.7 

By Village Type 

Traditional 
Transitional 

Modern 

46 
312 

175 

47.8 

18.6 
18.9 

90.9 
69.0 

36.4 

9.1 
31.0 

63.6 

77.3 
41.4 

9.1 

9.1 

31.0 
57.6 

13.6 

27.6 
33.3 

9.1 

37.9 

57.6 

68.2 

39.7 
18.2 

22.7 

22.4 
24.2 

By Income 
(Rp/cap./month) 

Under 5,000 

5,000 - 7,999 
8,000 - 14,999 
15,000 and above 

201 

153 

124 
55 

24.4 

18.3 
21.8 
16.4 

75.5 

75.0 
51.9 
22.2 

24.5 

25.0 

48.1 
77.8 

44.9 

39.3 
37.0 

-

22.4 

25.0 
44.4 
77.8 

32.7 

35.7 

18.6 
22.2 

24.5 

35.7 
48.1 
77.8 

49.0 

35.7 
37.0 

-

26.5 

28.6 
14.9 
22.2 

All Households 533 21.2 63.7 36.3 38.9 34.5 26.5 37.2 39.8 23.0 

Notes: aFor those using electricity 
bLook elsewhere for supply. 
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foI' electricity', but lower income households tend to reduce their 

(constl 1 )t ion ofenergy fOr lighting. 

Use of Charcoal 

use charcoal,Oft he 533 households surveyed,about .t0 percent 

exclusiv'elV for ironiltg. N)ne of t hemii use cliar'coal for co)king. 'lhe 
is ollnly 

average ler callit (ostlllition of f liosellols lsing (hlat'coal 

al)out 0.05 kg per (Lay. (;onsumiltion tends to increase with income from 
0.07 kg per (lay for

0.03 kg pler dLV for tie lowest inlCom)le group to aoult 

the highest incollc iongroup. Per capiltlcharcoal colslsj1111)tloll tclilnes with 

traditional villages (0.08 kg1in
housello]i sie. It is Ilighest for households 

district, (iamlis (0.11 kg per day). 
(day)andin the tirewood-Iroducingpe' 

Caloric and Moisture Content of Tree Species 

i()illss ere ('Collecte(f from 
)uriigl tlie fiehl suII''v, 9.)9 sampnles of 

households to exalille t lcir caloric an1 Illoistllre cotelits oiltie day 

silillils, 10Il ill S e iml(le 101 species.
lthey were actlliall uise.l. 

sespcies (see 'lable 2)), fIve belong toIthe group ()f()ftlhi 12 jst I 

ft nd inI hollmle Nlards or gardenlsllinrnral areas. 
te
fruilt-beaI'llItg liil 

fuel ill StiIgIigaIu Cirehon, where 
These SpecicsCi!'C(uentl' i.Used .is 

Florest iv resOi'('s, such as 7'('ofla)i'tisliwoo(l anl frestlllidsale scaice. 
the two firewoo-producing (listlrics, (artgralndhA, are e(l as fiel ill i 

and(Iialliis.
 
use( asa sour(e of fiel supply 'lable 20).


Coconut Itees alt widt'll 

The caloric \lue.s ofdiftfreni paits of cocotil tiees ViryV invei'sel)' 

acrcoorilig to miioist ire content. %lost oftlhe ftruil-bearing iree species have 

a caloric c'onitetnt between 3,200 and 3,500)kcal/kgat i iioisturle contetil 

nliarow caloric vaiat ion with io 
f'roiii 26 to 38 peicent. a relat ivel' 

allparenit pattcili relative to moisturctcoiltent. 

Average caloric contents for fuelwood (alculate(l illeairlier st lidies in 

ilgh comlil)aredI with00 k(;l/kg) appear to le tooIndonesia (3,50) I,, 
)iolliass 1) tlie sall)le lhouselholds

tile average found illactal Ilse of 
rOlps (aboutt

(3,100 kcal/kg). I hlusehiol(ls illthe indidle-level income 

60 percent otfall louselholds inithe sanll)ie), Ilse bioliass with an average 
figure can

caloric value ofabout 1,20() kcal/kg (see 'lable 12). 'l'his 

reasonablNy be applied in f'urther studies. 

in the Use of EnergyEfficiency 

no field experiments wet'e tilnlertaken to examine
l)urilig t lie surve\', 


the relative efficiencies oulifflerent conversion devices ai(! of the
 



TABLE 20.
 
Tree Species and Fuel Characteristics
 

Number Average 
 Average District in
 
Species 
 of Caloric Moisture Which Used As
 

Samples' Content 
 Content 
 Fuel
 
(kcal/kg) (percent)
 

I. Cocos Nucifera 
 196
 
Trunk 
 22 3,200 33.1 Serang, Cirebon

Stalk 
 81 2,850 36.8 Ciamis, Serang
Coconut Shell 
 17 4,080 30.0 Ciamis
 
Coconut Fiber 
 55 2,730 39.1 Ciamis, Serang

Leaves 
 21 3,280 34.2 Cisamis, Serang
 

2. Bamboo* 
 100 3,430 30.1 Bandung, Carut
 

3. Albizia+ 
 78 3,160 27.7 
 Garut, Ciamis
 

4. Thea sinensis 
 68 3,410 34.4 
 Bandung
 

5. Mangifera indicaQ 
 26 3,430 30.9 Cirebon,Bandung
 

6. 	Pterospermum
 
javanicum 
 17 3,300 
 34.9 Ciamis
 

7. Parkia sp 
 15 3,230 22.6 Cirebon
 

8. Eugenia aqucae# 
 13 3,290 30.2 
 Bandung, Ciamis
 

9. 	Nephelium
 
lapaceumv 
 13 3,380 
 26.0 Serang
 

10. Tectona grandis+ 12 
 3,450 37.8 
 Ciamis
 

11. Artocarpus integraf 
 11 3,480 33.1 Ciamis
 

12. Samaea sp* 
 11 3,720 28.7 Cirebon
 

* Number ot samples taken during the survey reflects the frequency of use
 
of the respective species.
 

+ These trees are primarily found on forest lands.
 

# Fruit-bearing 
tree species found in homeyards or gardens.
 

ditferent ftuels f rspecific tasks. The survey instrument included iterns
suich as aIoint of food cooked (such as rice), Imethod of'cooking, as well 
as th.t types of cooking stoves anid ippliances. I lowevet; since the energy
used in preparing rice cannot be .:- rated from the energy to cook the
whole meal, and also because types of'cooking stoves and appliances were 
not standardized, statistics based oi those items failed to provide any 
use ful data on relative efficiencies. 
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TABLE 21.
 
Heat Equivalence in Use and Efficiency Factors of Biomass and Kerosene
 

Useful Eznorgy Equivalence 

fc~rCooking 

Source/study kg biomass 
Kerosene Bioaass I kerosene 

(M.1/1) (MJ/kg) 

1. CSIS Study (1.9e).37.2 e*.13.4 5.3
 

2. A. Martono (1974) 17.6 3.3 5.3
 

3. 	 ITB Study/Filino
 

Harahap (1978) (3.2e).36.3 e.19.7 5.8
 

4. 	USAID Study/Paul
 
Weatherly (1980) (1.9e).37.2 e.14,6 4.8
 

e stands for efficiency of biomass as a fuel for cooking.
 

At a more aggregate level, however; the st l(y included energy input 
for cooking in ho0u1iseholdIs using only bioll as nid households using only 
keroseie. lI'it isassunied that the efi'ecti\e energy outItt for cooking is 
equal ft r average Iouseholds in the t wo groups, tie relat ive efficiency 
between hioniass and kerosene as a cooking fuel is about I to 1.9 as 
derived Itroln tle respective heat inputs (24.0/12.7, see Tiable 12). Ifthe 
heat content ofllion ass is 13.A I, /kg and that of kerosene isabout 37.2 
'\] /liter; the abovc relat i'e elficiencv would prod uice at"joule equivalence 
in use" of 5.3 kg of bioinass for one liter of kerosene. 

lhat figure isclose to an est inatte from t 1974 experiment by Andrini 
M'irtono (see [lable 21 ). According to results of laboratory experimelts 
in an 1istit lte of iechnology Batdung (ITB) st udy by Filino flarahap 
(1978), t lie relat ive efficiency bet ween biomnass and kerosene as a fuel for 
cooking isabout I to 3.2, andjoile equivalenct' is about 5.8. According 
to .. U.S. Agency for Interniat ional Development (USA II)) study by Paul 
Weatherly (1980), involving several field experiments to measure fuel 
efficienicy, one liter of kerosene equals .1.8 kg of bioanass. Given tle 

assumed heat contents of biomn ass and kerosene of 1-1.6 NIJ/kg and 37.2 
Mj /liter, respect ively, tlie relative efficiency of lie t.o fiels was also 

I to 1.9. 

REFLECTIONS ON METHODOLOGY 

This survey had both design and implementation deficiencies. 
Comparison with large-scale surveys sponsored by USAID and the 
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Department of Mining and Energy ()MIE) would highlight methodologi
cal problems encountered in rural energy .srveys in general. (See also 
John Arnold 1980, Weatherlv 1980, Ketenagaan 1982, Romir Chatterjee

1979 for related discussoilIis.)
1981, and Frecrk Wierstun 

Deficiencies in Sample Design 

The CSIS survey was carried out primarily to generate infirmation on 
the pattern oh>rural household energy Consttl)tionl. "lhe study hypothe
sized that this pattern was in fluenced by household characteristics such 
as incomie level, wealth , size of' household, and economic activity. It was 
also hypothesized that households exhibiting the saute major charac
ter;stics ("twin" households) might Ilave liIltilcut energy consumption 
patterns if t hey were located in villages with ldifkrent characteristics; that 
is, that households' f'uel select ion was influenced by Ihe overall village 
environient intluding tile stpply and availability of energy sources. 
Moreover, the Sil)lply ofenergv to the village was consilered a fiinct ion of 
the broader ecological enviroliimcint. For practical purposes, the district 
in which the village was located was taken to represent t his Ibroaler 
environ inent. 

Froi this l)erslwctivc, the sample should have been lesigned with 
more systeniatic regard to ecological types and to households as tile 
sampling unit. Certain deficiencies are evident: 

I. The district is essentiallyai ad minist rative tin it and may not 
represent a miirnir ecological en\ irolnient. Variation in the 
ecological characteristics of villages iin one (listrict may be greater 
than between Some villages ill that dist rict and some villages in 
another district. 

2. 	Therelore, instead o> preditermining tlie numnber of dist ricts to 
be included, this should hlave been deterinined a ter the sampling 
procedure of villages, based on village geographic and ecological 
characteristics, such as 

a. coastal village, Close to forest land;
 
1). coastal village, close to agricult ural sites;
 
c. 	 inland (low plain) village, close to forestland; 
d. inland (low plain) village, clo, ' to agricultutal sites; 
e. inland (ligh plain) village, close to f'orestlaiid; and 
t, inland (high plain) village, close to agricultural sites. 

3. 	For each of those six environments, an equal nunber of villages of 
different socioeconomic characteristics (traditional, transitional, 
modern) could have been represented in the sail)le. The 
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selection of(ilferent village tpologies proml)rtional to Iheir 
numbers for West Java as a whole has no solid batvis. 

4. The three village categories are based oir the sui f*rankings 
assigned to i nmtbtler oflchiaracterist ics. I lerice, villages with ihe 
same total ranking cotld have dliflerent charactwrist ics. Select min 
of' villages should hi\e depended more oii atfew t, jor charac
leristics such as physical iII lrastrict tire o. doniiait cconomic 
activity, ats revalced by detailed rankings in the Village Statistics. 

5. -ouseholds should have been selected more svsterictat icallv. The 

I-percenc saipii)liing of hoiseh)ols: in eaich village has no solid 
basis. The saml)le should consist ofta reasonahle number of 
households in each villatge to pro'ide for, reasonable range of 
incomes and occupations. lhe oliff ictilty iswith Ile sample frame. 
No household income datt, howevei ctide, are readily available 
before going to t lie village. I lere, anl equil numlber of households 
in each village should have been used ill tle sample. 

Sample design ultinmately depends both oil fle purpose of the 

study and oi financial ofr tnie const raintis (see Ilanble '22).The USAIl)

sponisored st uidy was conducted to determine the energy use in households 

in three of thlie ten rural elect rificat ion pr)oject aieas. lhe three areas -
Kltten in Cent ral Java, East Lomibok, and ilit in South Suilawesi -were 
selected on fle basis of widely varying availability of local resources. 'lie 
survey attempted to ielate the Fitt ersf otisehold ener'gy constitnlptioii 

to the lemiandil local natural r'esotrces. In format ion was collected to 
examine factors in fhlencing fulel choice for particular end uses and 

significait variables relating to the level of' fuel constilpt ioni. This served 
as tlie background for tnderstianding changes likely to restilt fromrl 
elect rificat ion and for predicting impacts of'electrification which affect 
energy use. Site selection, theref'ore, did not pose a major methodological 
probletm. Within each site, three villages - poor, average, and prosperous 
villages - were selected, based on lie pt'oject suj)ervisor'S own observa
tions and interviews with i'egional political leaders. Three already 
electrified villages in the Klaten area were added to this sample. Within 
each of'the 12 villages, 15 households were selected to provide a range of' 
occupations aind incomes. The study resulted in aii en'ironmental 
assessment fOr rural elect rificatiou projects (Weatherly 1980). 

The rural hol sehold energy suir'ey sponsored by tle DME was carried 

otit its part of the first plhse of' a USAI)-supported project entitled 
Energy Plainning for )ev'eloprtent in Indonesia. The goal was to 

constrlct a proftile of hotisehold energy use For difl'erent income groups. 
lie itifniation was ieant to be used in exanining the possible ef'f'ects 
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TABLE 22. 
Sample Designs of Three Rural Energy Surveys in Indonesia
 

USAID CSIS DME
 
(late 1979) (early 1980) (late 1980)
 

Households 179 533 793
 
Villages 12 40 153 
Districts 3 5 13
 
Provinces 3 1 5
 

Households per Village 15 4-69 5
 
(equal) (range) (design : equal)
 

4-18
 
(actual.)
 

of income changes, fuel substitutions, or changes in technology for policy
making. The data were collected for analysis based on a modified 
macroscale Relerence Energy System (RES) framework. l)eveloped at 
Brookhaven National Laboratory, this framework is a standardized 
vectorial analysis ofenergy flows from sources, through conversion and 
transfer subsystems, to utilizing devices and end uses. Estimates of future 
energy sut)ply-demand balances at the national level were projected using 
this framework. 

The survey covered eight regions, three in West Java, two in Central 
Java, and one each in the East Java, North Sumatra, and Sotl h Sulawesi 
provinces. The regioms happen to be those with high concentration of 
population. Site selection was not a major issue because the survey was 
assigned to be carried out by one university in each region. Households 
were selected randomly from the list of rural census blocks defined in the 
National Socioeconomic Survey (SUSENAS) carried out by the Indonesian 
Central Bureau of Statistics (BPS) inJanuary 1980. This subsample was 
representative for the regions insofar as the SUSENAS sample itself was 
representative. One hundred households were randomly selected from 
one census block contiguous to each of the eight universities. This 
sampling procedure eliminated the expensive task of assembling a sample 
frame and allowed for future comparison with income and other relevant 
household data collected by SUSENAS. Since fieldwork had to be done 
within one month, regions were selected for accessibility. A cross section 
of income groups among households of each district was not intended, so 
disaggregation into three income classes of equal size was done retroac
tively based on the rank distribution of sample households' income. 

Compared with the two other surveys, the CSIS survey was definitely 
large enough for its purpose. Its relatively large size may compensate to 
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NUMBER OF HOUSEHOLDS AND VILLAGES PER SAMPLE CLASS 

SAMPLING Households (total: 540) 
CHARACTERISTICS 

Household 
Economic A ,rculture Industry Services 
Activity 

Household 15 5 
Income M~mHigh 
Group 

VIlages (total: 36) 

Village
Infrastructure 

11I1 
Poor/absen G0 ood 

(Roads/ Electrification) 

121 12) 121 

Village Traditional Transtonal Modern 

It'6Ecological 
Environment of 1orst1and AcrCultUre sIteJ 

Near Village o", ,, 

(12 (021(12)Geographic 
Environment Inland Inn 

of Village Coastal (low plain) (high plain) 

Figure3. llustrativeSamplingDesign by Ecological, Village,and Household 
Characteristics 

some extent for deficiencies in sample lesign. Howeve, if households had 
been selected more systematically, a smaller sample size might have 
produced the same results, or the same sample size might have captured 
more variations in household and environmental characteristics. A design 
such as Figure 3, adapted by financial and time constraints, would be a 
better alternative. 

Deficiencies in the Survey Instrument 

The CSIS test questionnaire was based on the one used in the USAID
sponsored rural energy survey but was found to be too long and too 
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extensive. A shift in questions foin the holseholl to village interview was 
proposed to keep the schedule concise (see Arnold 1980). Tie question
naire finally leveloped was much shorter and limited to five sets of data 
(Table 6). Even so, several questions could have been deleted. 

Household Characteristics. Acctr-a-e household income data obvi
ously were difficult to collect during short interviews. I)ata to cross check 
reported income, including land ownedc, ara farine(l, cattle owned, crops 
produced, and household exp~eniditures wer-e recorded for three consecu
tive interview days. The in formation was not as valumable its foreseen. 
Income fir agrictilt tural households ltict tinated greatly. -losehold 
expenses lelendel on lie interview (lays. For instance, most shopping 
was done either once a week, on "market" (lay, or once a liloth. 

Fuel-Use Habits. Data on cooking, lighting, and other activities 
requiring energy were also less usefid than anticipated. Data on daily 
menu, cooking stoves, and appliatces were not used in the analysis 
because ofthe dIifficulties of standardizing items, quanmtities, and observa
tiois. Information oil lrelaration andl handling of fuels, especially 
firewood (whether cit in small or large plieces), did give some insight into 
fuel uses, althotigh the time of visit in fluenced the accuracy. 

Fuel Consumption. Daily fuel consumltion ior cooking, lighting, and 
ironing was recorded by field measuremientis over fotr consecutive days 
to p~roluce data oin daily conlsumlpt ion fur three days. [he same proce
(lure had been uised in the USAID-sponsored survey. Although it signifi

cantly increased survey time, this in forniationl was more reliable because 
(a) responlents' estimates ofexlenlditure for fuels did not accurately 
account for noncommercial fuels, (b) villagers didn't use standardized 
methods to weigh their fuels, and (c) they used many diverse fuels. The 
repetitive measirements allowed by this procedtnre also revealed day-to
day variations il consumption (found to he ± 0 percent in the USAID
spolnsorecl survey). 

indeed, most surveyors spient most of their time doing ineasurenlents 
and therefore were unable to observe other household activities as well. 
To siniplify the procecldure, a p~roposal has been made to linit fuel inea
surenents to an initial and final record for several days. Tlhat proposal 
would require separat i,,n of data by activity anld alqclate representation 
of|the various typical fuel sources (Arnold 1980). 

Using the same lr,,celuires, the DIME rural energy survey took mea
surements three times over five (lays to produce comsumption data for 
four days. Ifcoicl ucted systeniatically, this procedare is better than the 

one used ill the (SIS survey. 
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Specific Fuel Data. In formation collected on sources of supply, supply 
problems, and fuel choice was useful. Respondents )ossessed reasonable 
ki;owledge of the biomass species used if they collected them themselves. 
If they purchased their fircwood, they usually covld not identify the 
spe ies. The few question son elect ri ficat ion were too general to provide 
usefuil in formation. 

Fu(lwood Data. In formation on lioniass piotential of home yards and 
gardens was collected by identifying and counting fuel-producing trees 
and nmeasuring their diameter. Justification for this ellort would de)end 
on its relevance to specific planning of fuelwood )rograms. Otherwise, 
inllfo iation on biomnass species used as fuel would indicate the relative 
imp,)rtance of home yardst 1d gardens as energy sources. Data on 
biomiass potential could be collected at the village level. The CSIS survey 
inchtded a separate village questionnaire, but it wasn't administered 
adequately, perhaps becamse surveyors were preoccupied with the 
household survey. 

All ii, all, the qluestionnaire could have been much sitplyler to lessen 
surveyors' burden. Each of'the 25 CSIS surveyors visited 21 to 22 house
holds ftour tines each in fnr consecutive days. The 1)ME survey 
employed a)out 4(0 surveyors for 793 households, or about 19 to 20 
households l)er surveyor, visited three times each over five days. '[he 
USA I1)-sponsored survey assigned one surveyor to each village (15 
households) who stayed in the village fOr one month as a "participant 
observer." E",ach was to observe and record (tata on various village or 
houselied activities anl conditions. Sometimes, howevet; a surveyor's 
intense involvement in village life reduced his objectivity and thus intro
(ltIced a source oflbias in the survey nietlhodology (Arnold 1980). 

Constraints in Implementation 

Selecting households in tlie field became a major prloblem during the 
survey. .eaving that select ion task largely to the surveyors, the leaders 
of the village, or their secretaries, as was (lone in the CSIS and USAID 
sponsored surveys, could have hiased the results, esl)ecially since survey
ors met members of various households through the village leader or his 
assistant. The latter person often stayed during the interview or assisted 
with measurements, ainother likely suitllce ofbias. 

Surveying poor households was diflicult. Very poor fiamilies might not 
cook at ;il at home, but ate in other households in t'eturn for services. 
Measuring fuel used by sonie poor fimilies was difficult ifthey gathered 
their fuel immediately before preparing their food. And some of the 
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poorest households apparently prepared more food than usual when tile 
surveyor visited: another source of inaccuracy. 

POLICY IMPLICATIONS AND SUGGESTIONS 

The survey results show the variations in energy consumption patterns 
among household groups, by income, by household size, by village 
typology, as well as by districts. Thus, policies related to fuel price and 
availability could affect each household group differently. Even within 
household groups variations exist. 

Variations Within Household Groups 

Consumption of biomass and kerosene, the two major rural energy 
sources, varies within household groups (see 'Fable 23). The degree of 
variation is the so-called coefficient of variation (the standard deviation 
as a percentage of the mean value). According to the USAID-sponsored 
survey, the variation in the daily household energy consumption was 
about ± 30 percent. If the mean value of biomass consumption is 2 kg per 
capita per day for one household group, a coefficient of variation of*30 
percent means that about two-thirds of the households in the group 
consume between 1.A and 2.6 kg per capita per day. Thus, a coefficient of 
variation oft60 percent suggests that the distribution is quite dispersed. 

In most cases, the variations of biomass consumption are about 80 
percent in terms of megajoule inputs (Table 23). The much larger varia
tions in terms of' kilogram inputs suggest the great variations in the 
quality of biomass used. Consumption of' kerosene for lighting also varies 
greatly within household groups. Most households use only very small 
amounts of kerosene for very minimal lighting and only a few households 
use larger amounts of kerosene to generate a reasonable amount Of' 
lighting. This was observed especially in the Garut district. Consumption 
of kerosene for cooking varies less within household groups, except in 
Serang. Unlike the need for lighting, the need for kerosene for cooking 
appears to be more or less standard. 

Kerosene Consumption 

Development in the rural areas tends to raise the consumption of 
kerosene, both for cooking and lighting, according to the survey i esults. A 
study by Strout based on national data estimated the income elasticity of 
kerosene consumption in the rural areas of Indonesia at about 0.83, 
higher than that for the urban areas (0.56) (Strout 1976). A larger 
percentage of higher income households already use only kerosene for 
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TABLE 23.
 
Variations of Consumption Within Household Groups
 
(Coefficient of variation, in percent)
 

Biomass a Kerosene b
 

Categories of Cooking Lighting 

Households 
(kg input) (Mi input) (liter input) 

By Income 
Less than 5,000 83.0 87.2 44.4 81.8 

5,000 - 7,999 75.0 82.5 65.6 81.3 

8,000 - 14,900 56.1 53.6 47.4 76.5 

15,000 and above 163.9 78.4 62.3 71.4 

By Size 
Less than 5 114.2 71.7 54.2 85.0 

5 - 7 79.2 83.5 56.7 76.9 

8 and above 72.7 79.7 45.8 58.3 

By Village Typology
 
Traditional 39.2 60.5 55.9 64.7
 

Transitional 111.2 83.3 69.7 93.3
 

Modern 89.5 86.0 56.8 75.0
 

By District
 
Bandung 82.4 83.9 51.4 70.6
 

Ciamis 134.1 74.2 42.3 83.3
 

Cirebon 97.0 88.8 66.7 70.0
 

Garut 71.8 81.6 50.0 120.0
 

Serang 52.4 55.0 100.0 78.9
 

All Households 110.2 81.8 62.9 86.7
 

Note: The table is derived from consumption data of households using only
 

biomass and using only kerosene for cooking, as well as households using
 
only kerosene for lighting.
 

8 For households using only biomass for cooking.
 

b For households using only kerosene for cooking or for lighting.
 

cooking. Per capita consumption of kerosene also increases with income. 
Similarly, as a village becomes more modern, more households shift to 
kerosene as a cooking fuel. In the Bandung district, where the physical 
infrastructure (especially roads) has significantly improved over the last 
decade, more than half of the households have changed to kerosene as a 
fuel for cooking. 

Lighting in rural households isstill a scarce but desirable service: it 
indicates a better quality of life in the households. As income increases, 
consumption of kerosene for lighting increases at a much faster rate than 
does consumption of'kerosene for cooking. (Income elasticity of kerosene 
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conlsitIIt ton for lighting is higher than that for cooking.) Howeve; this is 
partly Iheca use cons(IIIIption of kcroscne for Iiglifing starts FromIa very 
low base. 

A stidden abolishment of'kerosene sul)sidies would have rather severe 
eflects 11)o011rural households. An increase in the price of kerosene, used 
for cookinig, would aflect higher income householdls more than lower 
incomie householdsl. Io,,wer income households, as well as higher income 
househols, could easily switch back to t lie use of bioniass if su flicient 
biomiass resources are available in the vicinity.An increase in the price of 
kerosene, used for lighting, would aff*ect all i lotegroups, Iarticuilarly 
lower income households for whomii changing to electricity might be 
difficult. 

Abolishmnt olkerosene subsidies does li;-e some national rationale, 
but ill view of possibleI negative effects upon rural households, it should 
be undertaken gradually. A better organized kerosene distribution system 
could iiiediate that eflectt by rcIticing tlie (list ribtition costs. Observations 
show that tile rural l)oultion ii the strvey areas pay 50 to 100 percent 
more fOr kerosene than the official )rice at the olepot. In some rural areas 
in Ciais, trexample, tlie price of kerosene was three tiies Iiglher than 
the official price while the stiurve was being carried otit. 

Rural electrificatiot appears to have greater appeal now because it 
inight help resolye l)roblems created by reducing kerosene subsidies, and 
tiight helP howet tile growth rate of kerosene cotisItin l)tioii. As rural 
areas become tiore industrialized, demand tinr"lighting increases. There
l<t'e a good use fr part of the subsidies on kerosene would he the financ
ingof a tiiore rigorous rural elect ri ficat ion program. Whereas kerosene 
subsidies cantiniot Ltvor either lower income ot" Ihigler iincotie households, 
a progressive price strtictuti loteelectricity cotld be introdtced through 
a cross-sulbsidy scheiie to betiet'it needy Iotuseholds. 

Another part oft lie subsidies oti kerosene could be reallocated to 
firewood-Grtiniig J)tograiis. Accotrding to tile st rvey, demand for 
firewood is still large. 

Biomass Consumption 

Bioniass is still a *ajorpart ol'the rural hotisehold energy budget. No 
time series data ott the quality of biomass are available. However; observa
tions suggest that tile quality of bionuass tsed as household fiel tends to 
deteriorate over time. lart of tlie teason, as suggested by the CSIS energy 
survey of rural industries, is that better quality firewood is being traded 
comitnercialy to iieet the need of rural industries. (See also Soesastro 
1980). Even industries in the firewood-produicing (list rict, Ciamis, found 



good quality firewood scarce wit I, large amounts being (iverted to other 

districts, such as Cirebon, where tie market price was considcerably 
higher. 

Problems of bioniass su)ply t heretore need serious attention. Only 13 

percent of'the households purchase their firewood. Most collect firewood 
from home yards, gardens, and estates. PlrograIs coul(I be designed to 

develop biomlass sUliplly, including processing biomass into higher quality 

fuel such as ciarcoal. \Where demand exists, supl)l can be created, if 

prices are right. Potent ial incolmne opport tillities could also lenefit the 

rural )ol)tlation. 
During the survey, many higher income households were observed 

purchasing their tiiiewood, even though kerosene was more economical. 

A higher income hoti ,ehold would pay about Rp 30 per person per lay 

f')r firewood (2.5 kg at the price of' Rp 12.50 per kg) compared to Rp 19 

per person perday fi'O kerosune (0.53 liter at the price of Rp 35 per liter 

in early 1980) for'cooking. W hen kerosene prices increased in early 1982 

(to about Rp 80 per liter) the daily per capita cost increased to Rp 42, so 

firewood became more economically dlesirable. 
Efficiency in the use of biomass is another important area for policy. 

Introduction of more efficient stoves should be reexamined, in spite of 

past failures. At the present efficiency level, (with one liter of'kerosene 

generating useful energy equivalent to 5.3 kg ofbiomass) the cost differ

ential of kerosene and biomass at current prices may not be large. If, 
howeve; kerosene prices were raised to their present production costs 

(Rp 132 per liter), the cost of kerosene would he twice that of'biomass, or 
Rp 66 (at Rp 12.50 per kg for 5.3 kg), to pr"oduce tlie same amount of' 
useful energy. Experience and data are inadequate to determine the 

potential responses of' biomlass sbstit it ion and price to a change of this 
order in kerosene prices. Nevertheless, it is obviously important to in

crease tle efficiency of Ibiomass as a fuel to reduce waste of'resotrces 
nationally amd to niove toward tile most eflective long-termnmix of' fuels. 

The Study's Use 

Since the CSIS stuidy was not done tinder contract by any government 

agency, it may not have a (lirect or immediate impact on policy. A report 
has hwenI produced as well as a series of papers on specific policy issues 
using the dam and ill hnrmuiation getierated by the survey (Soesast ro and 
Raymond Atie, eds., fort hcoming). 

Pr'elim inary concltsions of' the st udy, based on tile survey, were leliv

ered at the Second Nat ional Seminar on Energy organized by tile Indone
sian National Coimiitee ol't lie Wo,)rld Energy Conference. The papers 
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presented emphasized conclusions as given in this chapter (Raymond 

Atje 1979; Soesastro 1979). The main recommendation of the seminar 

was acceleration of rural electrification programs. 

NOTES 

1.Rupiahsper current US $1.00: 
1981
1980
1979
1978
1977 


650
634
627
627
625
415 set at Rp 25 per liter,the
 
2.Inearly 1980,when the official 

price was 


values of kerosene prices reported 
intile survey were Rp 38 per
 

mean 

liter inCirebon,Rp.39 inSerang,

Rp 40 in Bandung,Rp 44 inGarut, 

and Rp 51 inCiamis. 

3. All three are agricultural areas with rice 
as tile main crop.All are 

well supplied with kerosene. Klaten has a high population density, 

supported by intensive rice agriculture, with almost no forested land. 

East Lombok is the most traditional area and has relatively small land

holdings. It isnot as densely populated as Klaten,
has amuch less 

not 
productive agricultural base and home garden cultivation 

also is 

widespread. Luwu is a transmigrant area. It still has forests and has the 

lowest population density among 
the three areas. The land ownership 

auniform 2ha per family for new settlements.
 is 
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4 
Philippine Rural Energy Resource 
and Consumption Survey 

Planning Service 
Ministry of Energy 
The Philippines 

INTRODUCTION: THE GENESIS OF THE SURVEY 

The Planning Service of the Ministry of Energy (MOE) was just 

finishing its third annual iteration of the country's 10-year energy plan in 

1978, when it embarked on a nat ionwide survey of 1977 energy consump

tion of households, classifieditas rural or ulrban. It had been observed that 

the initial forinulat otis of the energy program did not adequately address 

the issue of rural energy needs and pltentials.The base data available 

up to that time were not sufficient to provide profiles of energy consump

tion patterns by economic sector. No data were available for the rural 

household secto; the agricult iral industry sector, the inward-looking 

inanufacturing an(d processirig industry sector; thetransportation sector, 

or the various (x port sectors. The rural household survey, then, would 

be only one of several modules in an overall energy mosaic (in"the 

entire economy. 
Motivated to obtain indicative statistics for planning and program 

ftirmulait i purposes as quickly as possible (preferably within six 

months) and limited by a budget of $37,871' (from the USAID grant to 

The Center fir Non-Conventional Energy and 1)evelopment), the Plan

ning Service staff decided to save on survey machinery and administrative 

overhead by taking advantage of a nationwide househol(l expenditure 

survey con(lucted periodically by the National Census and Statistics 

Office (NCSO) of the National Economic and 1)evelopment Authority 

(NEDA). NCSO had the largest sample size available: 30,000 households 

nationwide. A questionnaire had to be developed in time for the NCSO 

annual survey of households. In three weeks, after consultations between 

MOE staffand NCSO officers, the first draft of'an eight-page question

naire was complete(l. 

OBJECTIVES OF THE SURVEY 

The first objective of the survey was to establish an approximation of 

how much of what firm of energy was used in which region lor what 
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s.. 'I'll I It iliiIt c ol)jeCt iVC was (lceh1p1leIIt 0f Poicis Iodef tiletIe 

hll s to eiIergy ]eqiil enlIIts. Bot II coi iliial'clIIco and IolI-
CO InIliCYi'cial/ eI1wrg' flins were covered, accesse(I b oIh III rbanII and rural 
lioiselhol(l. loweveri, (liscIuSsion of sllvv !tsillits here is cofliilid to tile 
ruiul huiseholds. 

T lie siivev ils() sought to (lttiitiilic wheicl iselected sociociclliiic 
varidl)les iIIli(, resioldent's eIi1'iirliilitl sigilicln ueIitlil ii'iced elergy 
COlsliillltiolli)ilte!its,whelher li nlass fnt' ilsage correlated well withi 

distribution of hioIMLass I-tS0tl-ces ileallec regioli, a1( whetlhler regional 
constlinptlolil of ollier felis was corirelted wil l regioni-specific resource 
an(1 in fiastrttic aIIvilabiilit es. Anot her object ive was jprovisiii of 
baseline inforination ft til te polic. sitlies and concerns. 

Since tlhis was he first atteipt at collecl ilda oi hliousehohl ellergy 
consiillptioii, siiit~v results should be treate( with caution. Certain biases 
illsampling plractices and design illay have resulted illoverestiiiatedl 
rural cotlstilipt ioll. coIullllecial energyTIis is evilett witih resel)ctto 
)(ils.tllllt)l:":li,
ftr which secotilary (lata availabl, withlhe Minislr'
 

provieit (iintercheck. Ac(ordiiglv, teit Miistr is colifidfent of te
 
overall pi)cture of ifniicoliiercial liergy use aoillng rral lloutsehol(ds
 
but looks tfitre surveys to rfine s)ecitli slatistics.
 

CHARACTERISTICS OF THE STUDY AREA 

This island nalion's total lanidl area is all))roiillately 3f00,000 sq kll 
or 30,)00,00(li ha. ()lhat, 98 percent is contained within the I I largest 
islands. )iscussions hercil arc (oilined to 12 of't he 13 regiois siice tile 
populationtiolthe o licr (ile, the Nalonal Capital Region, is entirely 
illbilm(see .lble I ). These egiotis arc subdivided illo provinces 
(ill1977 there wec 72); and each province, itltoinulicipalities alld cities. 
Several barangav', lhe simallest political unit iit ili Philippines, make lip 
each inluilicip)aliiv or cily. ti 1977 Itere weitc .10,39 barangi's in 
tie couityiV.
 

The climatic coilditioins ill Ihe difrenilt paris ofllic archipelago vary 
as inucli as oes file toography and locatiotn. loit ty)es of'cliiile are 
i(leiitified accordinig to presence or absence of'a dry season aln( the 
Inaxiinuiti raii period: 

Tyt, A. Two proioiiced(seasols - w.'t from May to October anl (it-), 
the rest of lie Neai. Regions 1, 11I,and IV belong to t Iis t'pe. Mouitain 
ranges shield these regions fiom tht -omitlheast iioliso5 ii and parti of the 
traofewindls, but they aie )rone to tIe Nhliihwest monsoon. Par-t of Regions 
VI, IX, and X alm) belong to this ty)e. 

TyPe B. No ofrty season ando very proioiuncedl maxilnimn rain period 



TAbLE 1.
 
Regional Profile: Land Area, Population, and Labor Force, 1977
 

Region Land Area Labor Force 
POPULATION 

National Rural Urban 

I. Ilocos Region 7.2 7.8 9.2 4.6 8.4 

II. Cagayan Valley 12.1 4.6 6.0 1.7 4.7 

III. Centrl Luzon 6.1 10.0 10.4 9.2 10.2 

IV. Southern Tagalog 15.6 12.4 12.9 11.2 22.8 

V. Bicol 5.9 7.6 9.2 4.2 7.5 

VI. 14estern Viuayas 6.7 9.9 10.7 8.0 10.7 

VII. Central Visayas 5.0 8.1 8.4 7.2 9.5 

VIII. Eastern VisayaE 7.1 6.2 7.4 3.6 6.3 

IX. Western Mindanao 6.2 4.9 6.1 2.3 3.2 

X. Northern Mindanao 9.4 5.5 6.5 3.2 5.4 

XI. Southern Mindanao 10.6 6.5 7.1 5.1 6.6 

XII. Central Mindanao 7.3 4.9 6.1 2.4 4.8 

TOTAL 99.8 88.2 100.0 62.6 100.0 

TOTAL 300,000 42,071,000 28,765,000 13,306,000 12,224,964 

PHILIPPINES sq km persons persons persons persons 

Note: Figures are given as percentages of total. Balance percentages (National and Urban) pertain to
 
National Capital Region. Labor Force total pertains to the 12 regions only.
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f'romn November to january. These regions are located along or very near 
to t lie eastern coast and are InIt sheltered from noltheast monsoon, 
tradewinds, and storms. Region V, part of Region VIII, and part of 
Regions X and XI belong to this tN'pe. 

"v/)p' (. No pronounced season, relat ively %Net fri lii Miy to October, and 
dry the rest oftlhe year. Maxifmutim rain )eriods are not very pronounced; 
(iry seasons last fr-on one tot llre mont ]s. Areas arC partly-sheltered 
li'oml nortlieast moni0soon aind traolewinds but open to t le souithwest 
iiiOIlsooii Or at least to fre(1ueiit stormis. Regions 11, 111, VI.VI iI, and the 
rest of'th ie 'regions belong to this t pe. 

Tipt, 1). Raiilill evenly (list ribted t hroughouiot the car. Part of Region 
V and the rest ofthlie lindalo regions l)eong to this type of cliniate. 

1In 1977, the estimated population ofthlie Philippines was l-.I.-l million 
(including the Natimmuil Capital Region). Rural residlents iad ul) 68.5 
percent and uilIaii residliis, 11.5 Ict'i-ent. PopuIlation density was 1.18 
)ersonis )er So kill. Cental uizoi (Region 11), with 3i1 l)Ctsoiis Pci lS 

kill, is the mlost densely popiuiold legion after the Natiomal Capital 
Regioin. (.aga Va h'y (RegioI I) is the least densely populated region, 
with 53 pertsoii, per sq kin. 

1I11975, .l,76-i00 oft lie 6,859,000 amiilies iii the Philippines lived iii 
rui-ral-eA is. BN' 1978, the total number of' ruad fiauilics was expected to 
he about 5,120,000. Mean iruralI anntual household income was P-I1,745 
(L'S $630) (NEDA 1979). (ni a regional basis, rural fiimilies in Western 
M indanao (Region IX) received the higlhcst average aniial income and 
in Nc tihern Mildaii a (Regioii X) the lowest average annual incoie. 

Ali exaliiliation otlie cl sumiilpt ioi pattenii of ii-ial households 
revealed that tile itiliiat ion of' rice hulls, chatrcoal, coconut, fircwood, and 
biogas, (lie piiincipal fInis of nonoiineicial e'litl-y 2 , is related to land 
ulailiiat ioll, agticultuirl ciol)s (lilaiily palyi aiid cocolit), livestock, and 
i gricultiii-al in Frastruict 11rC and logistics iti tlie diferenlt regions. 

ii 1977, oflie totai land area (lif COilli-trv !2.2 l)ericento was devoted 
to /t. IIy (rice) pioduct iol, 9. 1 percet to cocllilt, aiid iiie than 50 
percel'in of'the country-v's total land area was cjverted by forest. Re gionmal 
analysis dhowed that Bicol (Region V) ranked first in utilization of 
regioial land al-ca f()i- palay productioin (20 pIC-celit), while SOutllhIn 
NI indalio (Region Xl) led ii l elaitive land ar-ea devoted to coconut 
piroduiioni ( 14 percenti). 

MIajor lowland Regions II, I1l, and X II iranked highlest inl palay pro
duct ion, Central Luzion eiii g t lie biggest pala)- pirodicei with ! l)ucellt 
of"total pahay prlduct ion. Central Visayas (Region VI I) had t lie least 
share in palay I)ro(ltcliion, onl 2 l)yerent. The Mindanao regions 
(IX -XI 1) had the highest coconit production, with 68 percent ofthe 
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country's total nuts harvested; Region IV was next, with 18 percent. 

lotal rice milling capacity was 6,173,000 metric tons ('I'). More than 18 

percent was in Central luIzon, with ('agayan Valley next at 14 percent. 

The country's total sawmilling capacity was placed at 7,156,000 board 

feet. Sawmills in Cagayan Valley produced 19 percent, and Southern 

Mindanao, 17 percent. 
Agricultural residues quantified in the study ae rice hulls and log

ging wastes. Based on palay product ion aild milling capacities, rice hull 

nd logging residues amounted 
production was estimated at 1,031,000T 

to 6,299,000 in-. Cagayan Valley had t lie highest rice hulls produced 

while Southern M indanao generated the biggest share in the total pro

duct ion of logging resid ues (38 percent). 

In 1977, Centiral Visavas (Region VII) raised the most hogs, with 12 

percent of'the total log po)pulation; (entral Mindaniao (Region XI I) had 

led the other same year, Soutlheirn 'agalog
the least, with 3 percent. ''hat 

regions in cattile proldtiction, with in 18 percent share, and in ponltry
 

percent share. Caraibao population was highest

i a 21proLuction, wit 


in Cagayan Valley, with i 16.5 percent share.
 

In 1977, the Ihilippines had about 3.6 million ha devoted to palay
 

|.roduction, with only 39 percent being served by various irrigation 

lagalog had the largest irrigated area (16 percent of 
systei-s. Southern 

tile total area irrigated) while Central Visayas had the least, 6 percent.
 

Electricity was provided to 652,664 rural households by electric
 

cooperatives in 1977. That number represerited 21 percent of the poten

tial household connections that year. (Potential household connections 

riefer to the number of households in areas serviced by electrical 

cooperatives.) 
The number of public markets in 1977 was estimated to be 1,344, with 

an average of'I 12 per region. This estimate is based on 1982 data of the 

National Food Authority (N FA), excluding the number of new licenses 

issued by the Ministry of lunan Settlements fron 1978 to 1980. 

SURVEY DESIGN AND PROCEDURE 

Rural households, is de fined by NCSO, are those found in areas not 

having these attributes: 

1. Cities and munic .palities having a population density of at least 

1,000 persons per sq kill in their entiret. 

2. Poblacio'.es or central districts of municipalities and cities having 

a population density of at least 500 persons per sq ki. 

http:Poblacio'.es
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3. Poblaciones or central (listricts (not included in items I or 2)
regardless of population size with 
a. a network of streets in either parallel or right angle orientation;
b. at least six establishments (commercial, manufacturing, 

recreational, or personal services); and 
c. at least three of these features: 

(i) a town hall, church, or chapel with religious service at least 
once a month; 

(ii) a public plaza, park, or cemetery;
(iii) a market place or building where trading activities are 

carried on at least once a week; and 
(iv) a public building like a school, hospital, puericuhure and 

health center, or library.
d. Barangays with at least 1,000 people living in areas having the

features listed in item 3c whose livelihoods are predominantly 
non farming/fishing. 

Sampling Design 

The sampling design and the selection of sampling frames were
patterned after the ones used in NCSO's 1977 Annual Survey of Establishments and its 1978 Integrated Quarterly Survey of Households. The
frame for the 1978 survey was the 1975 Census of Population. Sampling
for NCSO surveys isdesigned to provide data at the provincial level so atwo-stage, stratified-sampling scheme was used by province. The primary
sampling units of the survey are the barangays. A sample barangay is 
chosen according to its number of'households.
 

The NCSO methodology groups harangays in a province by six

economic activity strata, namely, (1) palay, (2) corn, '3) other agricultural 
products, (4) fishing, (5) manufacturing, aind (6) other economic activities. The general procedure for this first stratification is as follows:
manufacturing isconsidered the major activity stratum if'20 percent of'itsworking people are engaged in manufacturing. Otherwise, the barangay
isclassified by the stratum with the greatest proportion of the working 
population. Sample households were first allocated to each of the sixstrata at the national level. Then using those emergring national levels as
controls, they were grouped by province. A predetermined overall
sampling ratio was held constant within each stratum at both the national 
and provincial level. 

The final size and allocation of the saniple, however; depended on the
number of barangays drawn into the sample. [Tle number of sample bar
angays for a stral tni in a given province was obtained from the equation 
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(Nil) 

(Kh1 ) 

where 

fl= the overall sampling ratio for the hth stratun (same for
 

all provinces),
 
Ni, = the estimated nunlber of households in hth stratum at the
 

time ofthe survey, and
 
Kh= the predetermined number of sample of households per
 

barangay, naniuev 6.
 

Overall sampling ratios by rural stratum are fishing, 1/ 100; palay,corn, 

and other agricultu ral products, I /300; and manufacturing and other 

economic activities, 1/250. 
A minimum of two sample barangays was selected tor each stratum 

with three or more listed barangays. In strata with only one or two listed 

barangays, all the barangays were selected as samples. The specified 

number of sample barangays per stratum in each province were identified 

by population size, starting with the most populated. 

Then households in the sample barangays were designated as either 

engaged (substratum 1)or not engaged (substratum 2) in the predomi

nant economnic activity st rat uim of the barangay. Then three sample 

households per substraltum were randomly selected. I fless than three 

households were listed under substratum 2, the samfples in substratum I 

were increased to equal six samples per barangay. The main NCSO 

Survey to which the Energy Survey was a"rider" covered 30,000 house

holds. Hloweve; only 15,000 households were interviewed for the MOE 

Energy Survey out of which only about 85 percent gave valid responses. 

Data Gathering and Analysis 

Data were collected using a structured questionnaire in personal 

interviews with housewives and household heads. The energy usage 

household questionnaire gat hered five basic kinds of in formation: 

1. Tlbtal energy consumlption and expendit ures per household for 

17 energy items; 
2. Electrical consumption for various appliances per household; 
3. Consumption of fuels other than electricity; 
4. Availability of animal wastes as fuel source; and 

5. Energy consumption of transport facilities per household. 
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Questionnaire Design. "'hefbrinat, (lesign, and content of the ques
tionniaire were revise(d through (I) discussions wit Itstatisticians of the 
NEDA Initer-Agency (oin1ittee on Survey Design, (2) discussions with 
the field operations supervisors of the N(CS( household division, and (3) 
fteedback from mock interviews that provided other (detailsnecessary to 
obtain in foriiiation more quickly andiacctiralely. 'ime const raints meant 
the mock interviews replaced actual field testing. Field workers were 
trained during that testing process. 
The N.I)A Inter-Agency C iommittee on Survey Design was consulted 

to stan(larIize aind iiplifn i1e questioinaire for miaxilitmuy response 
ellectivity. The N(S()constlte(l with the M)E aboul the final questiou
naire f6riii (such as [it] ther oflquestions, length of interview, al)l)rol)riate 
use oftechnical teruis, and various units of' ieasure). The final question
naire thus was a c(o)l)rioise foriulated by energy ,icc(tiiting expetrts, 
statistical experts, aid field survey experts. lechnical iprecisiotni night 
have been trailed for coiil)'ehension and higher efl.ct ive prot)a)ility 
of response, to co il~lv substantially wit hstandards for statistical 
significance. 

Training and Operations. Survey training was done in three sessions, 
each of two to three days. First, trainihg of traiters and NCSO Central 
Office field supervisors (three ftoi MOE and six froni NCSO) included 
specilying how the two training sessions would be coiducted. Second was 
tle training of regional and provincial census officers in several regions 
and provinces. It urn, under the sul)ervisioi of the trainers, tile regional 
and l)ro'inciatl census offiiers trained 752 mtnicipal ccnsus oft'icers and 
cont ract tl field cinulirators. 

Discussion of the concel)ts ami ir()cedtires of ttie energy consumption 
survey flhlowed ai ol)erat ions manual specifically designed fort tie 
survey. The inilnlul (ontained piiiciples and instructiotns as guidelines 
for gathering .iccu'ate iii foniat ion ablout t lie energy usage of every 
saiiiple tiotsehiolt. Training sessions included discussions of' slrtivey 
details, the use of' iaterials, aod nock interviews. 

The municipal or t)arangay census officeis had priunary responsibility 
for gathering field (tata. Where an overload of' interviews was expected, 
census field wiorkers were hired. Field assignient s iNcluded ul)dating 
imaps of'the area,picking aod interviewing saiiple hotuseholds, and 
veri f'ing data. Their wages varied according to tie spread of households 
within ai assigned a'ea and relatedt tiransploitatioin costs. 

Data gat hering took at)bout two and one-half iiolit hs (fron Fetruary to 
imid-April 1978). Included were enumeration editing-coding, handling, 
andiolioing of'(tluest io hialies; ai(t verificat ion ofl'eited-co(te(! qu est ion
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naires. The provincial census off'icers and provincial statisticians checked 

the accomplished questionnaires for completeness. Missing or incorrect 

data were input and blank questionnaires were considered nonresponses 

and discarded. More editing and reverification of data and codes were 

done by regional census officers. Then the questionnaires were bundled 

off to the NCSO flor fu rt her editing of data and codes and then were sent 

to the MOE's Planning Service Division. 

Data Processing. A computer firm was hired for data processing, 

including conversion of data to a common energy unit and relating 

energy data to sociological factors. A range of possible answers to each 

item was set using inferred limits fromi other related data. Answers 

outside this preset range were excluded froi the final estimation. Alto

gether 15 percent of all respondents were rejected, but additional house

holds were not interviewed to replace them due to budget constraints. 

Full data analysis, originally scheduled for completion within 14 weeks, 

was interrupted when a fire gutted the building housing the computer 

firm's office. About 50 percent of the contracted work was accomplished 

including folioing, coding, and keypunching of survey data. The remain

ing phases cont racted for were development of' programs, entry and 

validation of'data, generation of iabies, and preparatiqn of reports on 

energy consumlption in relation to family siz2 and income. Of the $9,600 

contract amount for analysis, 85 percent was spent on data processing. 

The information gathered directly from respondents expresses f'uel 

consuniptioii volumes in the units of measure used in the various locali

ties or nearest marketplace. "'hoseunits were translated into one com-

Inoml unit of'measure f'or aggregation using conversion f'ormulas and 

methodologies (Appendix A). The barrel-of'-oil (BOE) equivalent was 

used, primarily because of habit and practical convenience. In general, all 

non-oil fuels were converted to the volume of an oil product that would 

have been required to do an equivalent amount of work or generate an 

equivalent amount of heat. That oil product volume was then converted 

to the crude oil eqtivalent volume based on calorific conversions. The 

refeirence oil is crude oil with a heating value of !8,900 British Thermal 

Unit per"pound (BTU/lb.). 

Some Limitations 

The survey's use oft he national statistical office might have caused 

these problems: 

1. Additional time commitment for both interviewer and respon

dent on an al'eady voluminous socioeconomic questionnaire. 



1.1 Rural Energy io Meet lDvveopmuent Needs 

2. 	 Possible compromises between interviewer and regular
 
respondent-clientele.
 

3. 	 Use of a possibly inialpropriate NCSO standard sampling 
procedure for this specialized energy study.
 

,4. Chance of unacceptable field practices by interviewers.
 
5. 	 Use of'only NCSO def'initions and houLsehold economic strati

fications for cross-survey comparisons and correlations. 

The study has sonic overall limitations. First, it did not account for
 
human and animal energy used for rural domestic chores. Moreovei;
 
since some energy items do not have standard units of measure, the
 
interviewers had to determine the amount consumed through knowledge 
of local units of neasure. In addition, as with all sample surveys, some 
room must he allowed for possible sampling errors and memory lapses
of the respondents. At tinies respondents consciously underreport or 
overreport, for various reasons from wanting to impress to not caring, or 
just wanting to be finished with a lengthy questionnaire. Interviewers 
were advised to elicit details related to a specific item to help them 
evaluate the response. 

The study's most significant limitation was its noncompletion as 
designed. The data processor's inability to coiplete the analysis meant 
in ferior surrogate variables had to be used for regression analysis. For 
instance, regional household averages were used instead of individual 
household data. Finally, the season in which the survey was undertaken 
may also have biased the aggregated results. 

RESEARCH METHODS AND ENUMERATION OF FINDINGS 

The survey data were aggregated nationally and regionally to estimate 
energy source mixes and household applications and to st udy income 
effects on energy consumption patterns. Three statistical methods were 
also employed to relate the data to other regional statistic- regression
analysis, Spearman's rank correlation analysis, and Lorenz (list ribution 
correlation analysis, borrowing from tlie concept:, used in standard 
Lorenz curve analysis and the Gin i-coefficient. In the process, i esuls 
were compared where possible with those obtained in other rural surveys,
particularly the microregion st tidies conducted by Fernando Manibog
(Verde Island), Bruce Koppel (Bicol River Basin Region), and a nation
wide National Electrification Administration (NEA) survey. The findings
and methods of analysis are grouped and discussed below un(er three 
headings: first-order aggregations, regression results, and correlation 
results. 



First-OrderAggregations 

lioll'le l'irst-or(dr aggregates siiply icerlito I lie cl rapolaled siillat 

of results to derive voliiii estilliates for ctcigy SoftCC nIIixes, hoCsehold 

aplllicatiolls, and incoml leccts. A spaglctti diagraill (11g. I ) tracing 

Ilat ioiial eilg flows froii SoftreC to al)plicat IlifrC'rural housCholds was 

(()lISt ltuctedl).bl ()I o sl1rvcN' (lId l"'sill iol oI rapolated (llarcC )1 

CrgV t( Iv of low incoime ire'lhI households 
(NIOE stdti(I 1979) Ior allocat ilot I)cndist- :ol illhlierent loss. Noncoml

llercial Illds not tov.cl- Iv that stur'ev (sli'l as :111(I rice 

from a1979 .'I osuiltioil Sii\'C 

.wood(wasts 

bulls) were assuimcd I() leCc(oking ftels since cookingIs lhcir ollN 
household Use. 
The typical rural household conllsumed an equivalenlt olf]. I B()0E )C 

year " tannual ( B(), u.silig tle Planniinga pIer cae)ita collstllil)tioil of 
('coSuml)tion lService's comlpted average faiily size of seveii. "tital 

rural louschohls inl 1977 was equal to 21 million 110)'.. Nationally, 60O 

l)(H 'cillof' ral'll househo(l (ll'rg'.v consumplliolll( was iloncoillllle.cial. 

Firewoold (55.5 percent), chall(ml (2-1.9 Feienllt), and .' shells ( 17.9(c(m01 

l)ercent) loget ler accolilletI t(19, 1)(8ecnt (f noncolmmercial ellergy 

used. Kerosci (07.9pciccilt ),gasoline (39.5 .rccnt), I.0; (liquiced 

)(,troleumi gas) (.1.7 perceil ),alml elct ricitv (1.5 perceilt) acco'ilted Imr 

97 per'cnt ofltotal commercial eniergv frills.The per household Iiontluly 

elec:t ricitv use of -12 kW\i, or 0.07 BO)I', was c(lose. tohei.1 k8Wil figure 

ol)tained b\-the NI.A ill if stuirvc of 1976 constilll)tiol. 

\'ariatiols across regiols ill tile sources offenlergy' f6r household 

funmctions are indicated iI L'tbles 2 to -Ias regionlal aggregates and oil a 

per flotschold basis. lFive regions (So ot licrn ligaog,Nortlertien Minda-

Iao, llocos, Western Mindanao,and (Cltral l.tzon) ac-coited lfor 67 

perceint of ltiral househhold eiierg'. Ile )ercentage oflcoimnercial to total 

e1enrgv Counsumed vl eil will +illolilg those regions, f'roilI 18 percnt inl 

Western Mindanao to .17 perct iICeiitral [.ii, 01. 0)n.lv )ne iegion, 

Cagayai Valley, coi stimed more than 50 pricet coillilercialcnergy. 

Energy Applications. tscfil encrgy accouniteld for .15 l)ercent (9.5 

million B()) oftolal encrgy inluts to itiial households in 1977 (derived 

hN applNinlg se'oudfarv infobrination as elfiicieuic\ I'Ittlors). 'Iergvy wasteld 

ill tranlsmission and (fist riblit iou losses and inefficiencies iltrinsic"to> 

appliances mnule ill) 55 )ercent (11.6 million H10-()oflthe total energy 

illplits to rturafl households. 
Cooking ,Icc)iiilted(for llost -I) pelrc'cnt -of rtirIal hisellold 

is.age. ()okinlg, ioiliig,houuseohold Irallsport, and lightiig collectively
 

aCcOLiltedI foioNV'98 l)VIl('Iit( ()Itotail rral litsehol elilergy (oilsiillll)
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TABLE 2.
 

Total Estimated Energy Consumption of Rural Hou. ,holds, 1977
 

Noncommercial 


I. Ilocos 


II. C ygay Valley 


IIT. Central Luzov 


IV. Southern Tagalog 


V. Bicol 


VI. Western Visayas 


VII. Central Visayas 


VIII. 	 Eastern Visayas 


IX. Western Mindanao 


X. Northern Mindanao 


XI. Southern Mindanao 


XII. 	 Central Mindanao 


TOTAL 


Commercial 


700 BOE Percent 


919 41.6 


291 60.1 


936 46.7 


1,987 39.9 


610 44.8 


508 40.9 


404 30.5 


462 43.3 


402 17.8 


804 29.4 


98 28.0 


512 45.2 


7,932 39.6 


Total 

'000 BOE Percent 

2,210 10.4 

484 2.3 

2,006 9.5 

4,978 23.5 

1,363 6.4 

1,243 5.9 

1,325 6.3 

1,068 4.9 

2,256 10.7 

2,732 12.9 

350 1.7 

1,132 5.4 

21,147 100.0 

'000 BOE 


1,291 


193 


1,070 


2,991 


753 


735 


922 


606 


1,854 


1,928 


252 


620 


13,215 


Percent 


58.4 


39.9 


53.3 


60.1 


55.2 


59.1 


69.6 


56.8 


82.2 


70.6 


72.0 


54.8 


60.4 




148 Rural Energy to Meet )evelopment Needs 

TABLE 3.
 
Rural Energy Consumption by Source, 1977
 
(Regional Aggregates)
 

Highest Consumption Lowest Consumption 

Percent- Percent-
Energy Source Region age Region age 

Noncomiercial IV 
 22.6 II 1.5
 

Firewood IV* 14.7 II 1.2
 
Charcoal IV 40.2 
 XI 1.0
 
Coconut shells X 65.9 Xl 0.1
 
Ricehulls (only
 
in two regions) IV 87.9 
 III 12.1
 

Woodwaste III 54.1 X 0.05
 

Commercial IV 25.0 XI 
 1.2
 

Kerosene IV+ 23.7 --

Gasoline IV 25.4 XI 0.3
 
LPG IVt 41.0 -
Electricity III 33.4 VIII 0.02
 
Diesel XII 18.9 1 0.04
 

*Region I was second, with 13.8 percent.
 

+The other two top users were Region V, 10.5 percent, and Region III, 7.9
 
percent.
 

fThe other two predominant users were Region 1, 23.3 percent and Region

III, 23.2 percent. 

tion in 1977. Firewood alone supplied 60 percent ofcooking needs. (See 
also Koppel 1980). Except for a small amount of charcoal, used mainly 
(b percent) for ironing, noncommercial fuels were used exclusively 
for cooking. 

Reported uses of gasoline and diesel were mainly for household 
transport. it is surprising that the more expensive product, gasoline, 
accounted for 91 percent of this amount. The cheaper product, diesel, 
supplied the 9 percent residual. Perhaps this is because only few rural 
families can afford the front-end expenditure on the more expensive 
diesel engine. A significant portion also might have been used for 
irrigation and agricultural cargo. However, the raw data alone do not 
indicate how large that portion might be. 

Kerosene was used for cooking (2.1 million BOE) and also for lighting 
on a 55:45 ratio. LPG was used almost entirely for cooking (0.4 million 



TABLE 4.
 

Energy Consumption per Rural Household by Energy Item,
 

(CJ), 1977
 

REGION
 

I II III IV V VI VII VIII IX X XI XII Philippines
 

Noncommercial Energy 

Firewood 12.4 1.6 7.8 9.4 -.1 6.0 9.4 7.1 33.3 3.4 3.5 11.3 8.6 

Woodwaste 0.2 - 0.4 - - 0.1 - - - - - 0.1 0.1 

Charcoal 3.2 2.0 4.8 11.4 3.5 1.3 3.3 2.4 3.5 2.7 0.5 2.8 3.8 
Coconut Shells - - 0.1 3.0 3.2 0.6 0.2 0.1 0.7 24.3 0.1 0.2 2.8 

Rice Hulls - - 0.3 1.4 - - - - - - - - 0.2 

Biogas - - - - - - - - - - - -

Subtotal 15.8 3.6 13.4 25.2 9.8 8.0 12.9 9.6 37.5 30.4 4.1 14.4 15.5 

Commercial Energy
 

Electricity 0.9 - 1.5 0.8 0.i 0.1 - 0.3 1.0 0.3 0.1 0.5 0.4 

Petroicum 10.3 5.4 10.3 16.4 8.0 5.4 5.3 7.3 7.8 12.4 1.5 11.4 8.9 

Gasoline (5.4) (0.2) (4.4) (6.9) (2.5) (2.6) (1.0) (2.3) (3.2) (9.0) (0.1) (3.2) (3.7)
 

Kerosene (3.8) (2.9) (4.4) (7.8) (5.5) (2.8) (4.1) (4.9) (4.2) (3.1) (1.4) (6.8) (4.4)
 

Diesel - (2.2) (0.4) (0.4) - - (0.1) - (0.2) (0.1) - (1.2) (0.3)
 

L P G (1.1) (0.1) (1.1) (1.3) - (0.1) (0.1) (0.1) (0.2) (0.2) - (0.1) (0.4)
 

Subtotal 11.2 5.6 11.8 17.2 8.1 3.5 5.3 7.6 P.8 12.7 1.6 11.9 9.3 

T 0 T A L 27.0 9.2 25.2 42.4 17.9 13.5 18.2 17.2 46.3 43.1 5.7 26.3 24.8 

Note: ( ) signifies product subtotal. 
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BOE). "re only other commercial energy form was electricity, used for 
these "internal" household funct ions: media access, 29 percent; electric 
fan, 20 percent; lighting, 27 percent; and ironing, 16 percent. 

Income Level Effects. In the original presentation of the survey 
results, regional consumption data were disaggregated into 13 household 
income levels following NC(SO classification. However, since some of the 
income levels either had iinimana (belo% 0.01 BOE) or no corresponding 
consumption, the Planning Servict! regrouped the data into three annual 
ircome classes, namely, low (up to P 2,500), middle (above P2,500, below 
P 8,000), and high (R8,000 and up). These three household income 
classes were used to compare energy consumption to income in the 
12 regions. 

This coplaprison shows that in all regions, low-income families 
accounted for most household energy consumption as well as most non
commercial energy consumption. The high-income households invari
ably consumed the least, in both respects (Figs. 2 and 3). The main reason 
may simply he the fact that low-income families outnumbered middle
income and high-income families in the randomn selection, if not in actual 
field conditions. Low-inconinc families accounted !or 65 percent of total 
consumption of noncomnnercial fuels; iniddle-incomne families accounted 
for 32 percent; and the high-income bracket accounted for the 3 percent 
residual. 

The iniddIc-income group consuned110more than three times as much 
fuel (commercial and noncommercial) I)er household as tlie lower and 
higher income br;:ckets. Except for Region XI, commercial energy 
consumption per household dropped as farmily incomes changed from 
medium to high (see Fig. 4 and Appendix B). This outcome can be 
explained by any combination of the following assumptions: (1) higher 
income families either use more efficient energy appliances, (2) or have 
smaller family sizes, (3) or have better ability to contract some household 
functions outside (such as cooking by dining out). 

In all cases except three (Regions VI, VII, and X1), commercial energy 
consumption per household increased as families moved from low- to 
middle-income levels (Fig. 4 and Appendix B). Low-income families 
facing severe budgetary constraints are not normally able to afford more 
energy-efficient appliances that utilize commercial energy forms, or 
they use more of the noncommercial forms because ofttradition and 
economics. Manibog's survey of Verde Island suggested that per capita 
energy use from all sources increased with income. 
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Variables Influencing Rural Energy Consumption 

Regression analysis basically attemptedl to dletermine if andi how 
significantly aggregate andl ftel-specific energy consumption at the 
regional level were influenced by family size, househol incomes, and 
regional energy prices. TFhe regional consumlption of total energy as well 
as per fuel product were regressedl against several socioeconomic v'aria
bles separMely as well as in combination, using secondary and survey data 

fbr the 12 regions. 
Eleven dependent ancd four independent variables were dleveloped 

from the dlata. The independent v'ariables were (1) middle-range fiamily 
size per region (estimated by largest family reported in the region divided 
by two, assumfing a normal distribution function (b-xause of the loss of 
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tie raw qtestiotiuiires): (2) average an nual household income l;..-r region 
(from NEDA and NJOE statistics); (3) price per energy item or average 
imputed yd tic, estiiiinted froin tIie regional energy bilI by energy item 
divided by regional energy consiniIlI in by eIergy item ilBOE; and (4) 
titiniber of public markets in I Ihe regio I. Dependen variables were (I) per 
hotusehold total eniergy cofIsuimpt ion: (2) per Iouisefold noncommercial 
energy ..,nls5iii~ t iou (total ad separately for firewood, charcoal, and 
coconut slwll); and (3) per householhl coil)iiiercial energy consumption 
(total and separately for gasoline, keroseuie, diesel, electricity, and '.P(;). 

Ofthlie 70 regressi m exetCises, only eight tuned tip statistically 
signi fh'anut coefficieit s.That was to be expected because of the aggregate 
natuire oftle data anid t he low iiuiiiilIer of ohservations relativc to the 
nuimler of variables consideredl. Interest ingly, most ol't he cases where the 
coelfcienits turned out sigrilficauit involved the coiliercial energy forms 
of electricity and gasoline. Selected regression findings follow. 

.Alone, regiolal nid-range fiamily size proved to be an iinsignificant 
determina t ofconsumipt ion levels fCr any one energy l)rodtct. 
Maiiihog's survey concl!ded I fiat overall energy use was a direct tunction 
of faimiiily size although exlhibiting diminishing increments with size 
beyond a household size oft:ix. 

2. Regressing total energy consuimpt ion against income did not result 
ill any statistically iiieaningftul coefficieits. On tlie ot her hand, Manibog 
discerned a modest associat ion (0 = 0.4-) between income level and 
energy consumiption, although cautioning that the bulk of energy uised 
was not comnercial and Ihierefore, nouniouietized. 

3. Alone, tle level ofregional income proved signiticant only in 
,issOciat ion with firewood and cocoullut shell coiistii)tiloi but with 
contrasting restlts. The Ituns yielded a negative coeflicient in the case of 
coconut shell consut iti, suggest ing that coconut shell cotild perhaps 
Ihe the only t rue "poor-ma's" ftel. With firewood, atpositive coefficient 
resulted (0.001 3). Ko ppel's work supports th isfinding.H-heobserved that 
firewood was conisuned even as tile level of living improved. ()n tile other 
hand, Naiiibog had ctoncluded that, unlike liamily size, income level was 
not a good indicator o wood Coisuliptioi levels. 
.t.lroiii survey data, regional kerosene, gasoline, or diesel constimp

tion did not seem to Ihe signitficantly aftected by regional iicorne levels. 
Mauiibog reached the saime conctlusion oii household Ise of gasoline and 
diesel but stiggested tlie cc)tt rary for kerosene, for which lie f'tnd higher 
levels ofiotsechol use accompanyiiig higher hotusehold incomes. 

5. The consumption eflect of'price alone was significant only for 
gasoline and electi icity as energy forms.Coelficients were negative and 



expectedly low (-0.0190, t = -2.3; -0.00115, t = - 2.9, respectively). 

The NEA Survey of 1977 tends to sUl)IX)rt this finding. Respondents 

confirmed that they woull either redtce or conilpletely stop electricity 

conSlsumlption, 	with a dioubling of electricity rates. 

6. "logether,inco le anod )rice regression coeflicients were significant 

only in (he cas, of gasol ine ;n(1electricity. 1In1xthcases, t lie consumption 

response to price was exJ)ectedly negative (--0.02, -(0.001, respectively), 

gasoline sellsit ivity exceeding Ihat (fWelectricity by aIfaictor of20 (t = 

6.97 and .1.-12, respect i\'ely). Electricity-2.9, -2.8, res wct ivel: I = 

cOisuxti n to ilwllieC altll()glh low and insignifilrt.l)Oi~(d jlOsiti\Cl, 

cnill (0.t)00 , 1 = 0.82 . ;aslile, onIithe other hand,y'ielded a negative 
= -2.-19).aitd statistically signili. ,nt toAfliciciu t (-(.0001,1 

7. 	 Price andIi mil,'size cocflicients were significant only fir gasoline. 

was also uegative and consistent with t lie coeflicientThe price effect 

obtained in item 6 (-(0.0(011; t= -2.79, f= 4.49). l'he eftect of family 

size as expected was negative and insignificant (-0.0-10; t -0.864).= 


8. laken toget her at a time, regression coetticients were statistically 

significait only tor electricity and gasoline. Electricity consuml)tion 

= -2.68; F = 2.89);correlated negatively with price (-0.00112; t 

positively, though insignificantly, with income (0.0001; t = 0.59); and 

negat i eiV, as well as insignificantly, with family size (-0.031; t = -0.64). 

As a fimily's income increases, ()ore electricity appliances are afforded, 

whose use can he shared sumiuiltaneously by limily members (and even 

neighbors). In the case of gasoline, the income, price and tanily size 
- 0.020, -0.05, respectively) andcoeflicients were all ii( gative (- 0.0005, 


except for the thnid were all statistically significant (t = -2.48, -2.84,
 

f'= 4.46). It is not easy to explain why income level or itamily size
-0.62; 
might affect gasoline consumption inversely. 

Regional Energy Resource Endowments and Other Factors 

Rank correlation and (list ribution correlation analysis attempted 

rereiy to establish statistically whether regional variations in consump

tion oflifferent fuels were sutfficiently explained by oiflc -ncces in 

regional availability of bionuass fuels (as indicated by the hectarage 

planted to certain crops, the 1977 production of selected crops, and 

livestock p)opulation), or the registered number of inf'rastruct tre logistics 

(electrification, agricultural ifills, irrigation pt)lips, motorized boats, or 

public markets). l)ata on regional agriculture and in frastructtire were 

obtained front officially published statistics or MOE's estimates extrapo

lated from official statistics and working data available fron the respec

live goverinment agencies. 
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Rank correlations (Spearman's r) and the Gini-coefficient provided the 
first-order measures of correlation significance. In general, the closer the 
rank correlation statistic was to" I"tile higher the correlation signifi
cance. In similar manner, the closer the Gini-coefficient was to "0" the 
higher the correlation significance. 

The first distribution correlation exercise sought to establish whether 
the selected agricultural resources closely matched the distribution of 
rural population. While the fit was not perfect, there was sufficient 
equitable distribution of key agricultural resou.rces amo,g the rural 
populace on a regional basis as evidenced by the encouraging (below 0.30) 
Gini-statistics fbr backyard hog population (G = 0.20) and palay produc
tion (G = 0.27) (Fig. 5 and Appendix C). Thus, if it were economically 
feasible, those two resources become logical candidates to supply any 
contemplated rural decenti alized energy system. Gini statistics for 
forestry and coconut hectarage with respect to population arc 0.34 
and 0.46 respectively. 

In rank correlations, regional and per capita firewood consumption 
were negatively correlated with regional forest area (r = -0.2 1,t = 
-0.70 and r = -0. I-,t = -0.45, respectively). A relatively high Gini
statistic (0.40) also indicated that the regional (list ribut ion of firewood 
consum)tion did not closely match the regional dist ributionl of forest 
hectarage. Regions accounting for only 25 percent of forest area 
accounted for 95 percent of firewood used. 

Regional firewood consumption seemed to correlate better with the 
density of public markets (obtained as the ratio ofthe number of' public 
markets to land area). Even though the rank correlation is not conclu
sively high (r = 0.5), the t statistic of' 1.85 argues it is nevertheless statisti
cally significant. The survey revealed that over 33 percent of all firewood 
consumed was purchased from the markets. Additionally, the Gini
coefficient correlating the regional distribution of public markets with 
the regional distribution of firewood consumption was a low 0.24. In the 
Bicol study, on the other hand, Koppel found that people who reported 
not using firewood come froin market towns where they could have access 
to other fuels. 

Regional charcoal consumption correlated remarkably with the 
density of public markets (r = 0.77, t = 3.85). Higher positive coefficients 
were obtained from correlation of charcoal con1sum ption with fuelwood 
consumption (r = 0.61, t = 2.43) than with coconut production (r = 0.40, 
t= 0.62). These relationships are closely associated with the high con
sumption of charcoal in the SouthernT'agalog Region. They suggest the 
role of' public markets in charcoal distribution, and the possibility that 
wood may have been a more poptlar source of charcoal than 
coconut shell. 
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Four regions, accounting tor only'.25 percent of*logging wastes, claimed 

95 percent ofwoodwaste consulmption. Per capita woodwaste consump

tion correlated well with sawmill capacity across regions (r = 0.67, t = 

2.39) but did not seem to vary significantly with the amount of logging 

residues (r = 0.38, t = 1.30). 
Electricity consumption levels across all egions were negatively but 

not significantly ,relatedto the extent of electrification in a region and tile 

number of electrically connected households (r = 0.45, t =1.59). Still, 

;'or the Four regions in Central andl Northt,rn Iuzon1 (Regions I- IV), 

electricity consumption andl household coverage correlated perfectly. 

Ini 1977, Regions 1,1I1I, and IV represented the three most electrified 

,regionsin tile country, while Region II was one of tile least electrified 

regions. Therefobre, these regions represent the extreme cases, possibly 

extplaining the close correlation. Oibviously, f'actors such atsproximity to 

appliance service outlets and retail power rates may have influenced 

electricity consumtption levels. 

http:only'.25
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File level of electricity consumption by rural households did not 
appear to be a function ol'the accessibility or pienetration of the electricity 
system, whether this was measured in pole density, housewire density, or 
(listribut ion line density. (A survey undertaken1by the NEA covering 1976 
constmltion revealed that only 53 percent of'households that were 
within access of'a system were actually connected.) Electric poles per sq 
km (and other surrogate penetration indexes) correlated rather nega
tively with rural electricity consumption, per household and per capita. 

The st udies suiggested that the more elect ricity is consumed in a 
region, the less its rural households have need for diesel fuel. A signifi
cant negative correlation (r = -0.79, t = -3.64) between electricity use 
and diesel consumption emerged. 'he per capita comparisons suggested 
an even more prolnou liced substitution relationship (r = -0.92, t = 

-6.64). It is possible thit where centralized electricity is not easily acces
sible, rural flimilies rely oil l" roleui f'uels for generating localized 
electricity to rull electrical a ppliances. A corollary finding, which sup
ports the observed diesel-elect ric trade-off' is that rural colstmption of' 
diesel fuel correlated inversely though not significantly with the house
hold elect rificat ion level regardless of whether diesel constnmpt ion was 
measured in regional aggregates, per hotsehold, or per capita. 

Interestingly. like diesel, rural firewood consumnption also correlated 
negatively witlh elect ri fication coverage. (A moderately negative relation
ship also resulted from the Koppel study.) When the tiui er ofelectri
fied households is ranked with firewood consumption in total, per 
household, or per capita terms, a significatt inverse relationship was 
uniformly fotLid. 

For many regions, middle-incomie household gasoline and diesel 
consumption dwarie'd that of' higher income households. Normally, 
gasoline and diesel motive fuels are regarded as "affluence" fuels. 
Reported gasoline and diesel consumption in ight have unwittingly 
included nonhousehold applications as well as transportationi uses: 
ranking of'regional rural-road density with regional consumption of 
these liquid fuels yielded negative cornelationi coefficients. 'Fotal length 
of tieeder 'oads in the regions does not explain reported regional 
consumption of motive fuels (gasoline, diesel, gasoline/diesel) either. 
Rank-matching regional gasoline consumpt ion wit h the number 
of notorized banca.s in each region also gave a low correlation statistic. 

Theref'i'e, consuitil)t ion of those fuels was tested for correlation with 
other possible aplplications such as electricity generation and irrigation 
pumping. Gasoline consumpt ion, either in absolute, per capita, o1 per 
household terms yielded high rank correlatim coefficients with house
hold electricity gemnerat ion. This suggests that [or those households who 
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generate electricity, gasoline seemed to be the popular choice over diesel. 

The front-end costs of gasoline generators are generally lower than 

diesel types. 

CONCLUSIONS AND FUTURE STUDIES 

Tile statistical exercise added depth to the aggregate analyses and 

yielded some instructive findings for purposes of future energy policy. 

1. 'he regression exercises identified energy forms, electricity and 

gasoline, that exhibited significant consumer responss to price increases. 

Tie regression analyses also indicated relationships between firewood 

and coconut shell consumption and income levels. 

2. The distribution correlation tests singled out hog po)ulation and 

palay hectarage as the two agricultural assets whose distributions most 

closely match the regional distril)ution of rural population in 1977, 

making them potential resource candidates fo,"decentralizedi rlral 

energy programs fir tihe fkitiire. 
3. The correlation analysis suggested that the institution of public 

markets may have a significant role in offsetting regional resource 

imbalances in certain fuels, for example, firewood and charcoal. 

4. Correlation analysis also revealed that regional sawmill capacity 

rather than the level of logging residues provided a nieaningful indicator 

of wo. ,vaste consumption, and that the size of coconut plantation 

hectarage could be a reliable barometer fbOr estimating regional coconut 

shell consumption. 
5. Elect ricity consumption surprisingly correlated insignificantly with 

various measures of regional electrification (household connections, pole 

ad wire densities). The study yielded an inverse relationship between 

electricity use and diesel consumption but a positive one between electric

ity use and gasoline consuinption. Transportation variables failed to 

explain gasoline/diesel consumption levels. This suggested that reported 

regional fiiel consumption (particularly gasoline) may actually have 

included fuel used foi electricity generation and other rural activities by 

the rural households. 

The study was rather exhaustive with the rank and distribution 

correlation exercises. Since regression ,ml' sis using household data was 

not completed, the Planning Service worked primarily on rural energy 

consumption data by region, by income class, and by family size. More

ove; the true energy flow in the rural areas might not have been depicted 

by the use of the results of the 1979 energy consumption survey on low

income urban households as basis fo extrapolations in this study. 
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A new Rural Energy Needs Survey will soon be undertaken to update 
and refine the findings of the 1977 survey and to determine 

I.Level of'energy constumption of household per fuel type; 
2. 	Energy applications in dift.rent household activities (such as 

lighting, cooking, and ironing); 
3. 	 Variations in energy usage as a function of household income, 

family size, and occupation of household head; 
4. Ratio of energy expenditure to household experditures; and 
5. 	Constraints and inducement to the use of nonpetroleutm fuels. 

Unlike the 1977 rural energy needs survey instrument, the question
naire for the new survey traces the flow of energy in the rural setting 
from energy form to the final end use. Specifically, the survey identifies 
the household devices and appliances and corresponding amount of fuel 
used by principal task, such as cook ing, lighting, and motive power. The 
respondents also are asked to identify and rank their most preferred 
indigenous fuels as well as to record reasons why such fuiels are preferred 
and constraints of using i'1digenous fuel instead of petroleum fuels or 
electricity. The respond.. its also are asked to assess t lie availability of 
indigenous fuel supply within their barangay. 

Except for these modifications in the survey qtestionnaire, the 
met hodology used in the survey of 1977 rural energy needs will still be 
employed since the difficulties experienced were due to mainly the loss of' 
tile accomplished question naires rat her than the survey methodology. 

Further surveys will be undertaken by the Planning Service, notably 
energy consumption ofthe agricultural crop production sector and the 
land transport sector. Also, a study involving the electric utilities in the 
rural areas is currently in progress. For these and future surveys, stricter 
implementation measures would be adopted. Concrete guidelines have 
been set up to evaluate tie financial and technical capability and monitor 
the performance of research firms contracted to undertake the survey. 
Accomplished questionnaires upon encodingwould imiediately be 
turned over to tie Planning Service to enable tie staffto undertake 
further analysis when needed. 

In spite of its limitations, the Rural Energy Needs Survey of 1977 
together with microlevel studies done by interested researchers have 
provided ti.e government with its first insight into t lie rural energy 
mosaic. As an initial attempt at generating base data of the rural energy 
sector in the Philippines, the survey: 
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1. Acquainted governinient with tie nuimerical bomndaries oft he 
sector, generating !ie first broad estimates of rural consumption 
of diffcrent energy forms in the country; 

2. 	 Provided the government with its first info.inatuio on he 
household functions to which these resources were applied; and 

3. 	Confirmed the poiential of the noncommercial fuel sector as a 
major supplier of rural energy needs. Specifically, additional 
funds and eflforts were directed towards utilization and conner
cialization ofbiogas and rice hulls after they were revealed as 
promising decent ralized su)pliers of rural energy needs. 

http:Sti-r.ey


APPENDIX A
 
Common Measures and their Conversions to Standard Measures
 

Type of Fuel Unit of Field Unit Used in the 

Measurements Presentation of Result 


Premium Gasoline liter BOE* 


Regular Gasoline liter BOE 


Diesel or Crude liter BOE 


Kerosene liter 
 BOE 


Oil for Lighting liter BOE 


Cooking Gas or LPG 
 kg BOE 


Firewood kg 
 BOE 


Woodwastes 
 kg BOE 


Charcoal kg 
 BOE 


Coconut Shell/Husks kg BOE 


Rice Hull 
 kg BOE 


Electricity kWh 
 BOE 


Source: Planning Service, Ministry of Energy.
 
* Barrel-of-Oil Equivalent. 
+ Assumes average moisture content at 46 percent. 

Conversion
 
Factor
 

0.006289 BOE/I
 

0.006289 BGE/I
 

0.006289 BOE/I
 

0.006289 BOE/I
 

0.006289 BOE/I
 

0.007982 BOE/kg
 

0.001520 BOE/kg+
 

0.001520 BOE/kg
 

0.004561 BOE/kg
 

0.003r41 BOE/kg
 

0.001520 BOE/kg
 

600 kWh/BOE+
 

+ At thermal efficiency factor of 33 percent based on National Power Corporation actual thermal efficiency of 
32-35 percent. 



APPENDIX B
 
Energy Consumption Per Rural "ousehold by Income Class - Below P2,500
 
(In CJ), 1977 

REGION 

I II III IV V VI VII VIII IX X XI XII 

Noncommercial Energy 

Firewuod 
Wcodwaste 
Charcoal 
Coconut Shells 
Rice Bulls 
Others (Biogas) 

8.6 
0.1 

2.9 
-

1.8 
-

2.0 
-
-

7.2 
0.4 
5.1 
0.1 
0.2 

8.5 
-

6.3 
4.7 
0.8 

3.3 
-

3.2 
2.3 

-

-

6.2 
0.1 

1.4 
0.5 

-

-

9.7 
-

2.5 
0.2 

-

7.6 
-

1.6 
0.1 

-

22.4 
-

2.9 
0.9 

-

3.2 
-

2.8 
11.5 

-

-

3.9 
-

0.6 
-

6.8 
0.2 
2.3 

-

-

Subtotal 11.6 3.8 13.0 20.3 8.B 8.2 12.4 9.1 26.2 18.0 4.5 9.3 

Commercial Energy 

Electricity 
Petroleum 

Gasoline 
Kerosene 
Diesel 
L P G 

Subtotal 

0.3 
6.4 

(1.7) 
(3.9) 

+ 
(0.8) 

6.7 

-
3.9 

'0.2) 
(2.5) 
(1.3) 

+ 

3.9 

1.1 
7.3 

(1.6) 
(4.7) 
(1.6) 
(0.7) 

8.4 

0.4 
14.2 
(5.2) 
(7.5) 
(0.4) 
(1.1) 

14.6 

0.1 
8.0 

(2.8) 
(5.3) 

-

-

9.1 

0.1 
5.9 

(2.9) 
(2.9) 

-
(0.1) 

6.0 

-

5.3 
(1.1) 
(4.1) 
(0.1) 

5.3 

-
6.4 

(1.9) 
(4.5) 

6.4 

0.1 
4.0 

(0.2) 
(3.3) 
-
-

4.1 

0.2 
8.7 

(5.3) 
(3.2) 
(0.1) 
(0.1) 

8.9 

-

1.8 
(0.2) 
(1.6) 

-

-

1.8 

0.2 
9.9 

(3.0) 
(6.7) 
(0.1) 
(0.1) 

10.1 

T 0 T A L 18.3 7.7 21.4 34.9 17.9 14.2 17.7 15.5 30.3 26.9 6.3 19.4 

Note: ( ) signifies product subtotal. 



APPENDIX B (Continued)
 

Energy Consumption Per Rural Household by Income Class - P2,500 - P7,999
 

(In GJ), 1977 

REGION 

I II III IV V VI VII VIll IX X XI XIi 

Noncomnercial Energy 

Firewood 
Woodwaste 
Charcoal 

Coconut Shells 
Ric'e Hulls 
Others (Biogas) 

27.3 
0.4 
3.0 

-

1.0 
-
2.8 

-
-

10.6 
0.5 
4.8 

+ 
0.5 

13.4 
0.2 

31.9 

-
4.1 

2.0 
-

6.9 

12.4 
-

5.2 
-
0.8 

0.1 
-

-

9.2 
-

1.7 

-

-

5.6 
-
4.0 

0.4 
-

98.6 
-
7.1 

0.1 
-

1.2 
-
2.1 

102.3 
-

1.4 
-

0.2 

0.1 
-

28.6 
-

4.9 

0.8 
-

-

Subtotal 30.7 3.8 11.6 49.6 21.3 6.1 10.9 10.0 105.8 105.6 1.7 34.3 

Commercial Energy 

Electricity 
Petroleum 

Gasoline 
Kerosene 
Diesel 
L P G 

Subtotal 

3.7 
26.0 

(20.1) 
(4.1) 
-

(1.7) 
29.7 

0.1 
14.2 
(0.1) 

(6.2) 
(7.7) 
(0.-) 
14.3 

2.6 
18.8 

(0.06) 
(0.65) 
(0.41) 
(0.38) 
21.4 

2.0 
26.6 

(14.3) 
(9.6) 
(0.7) 
(2.0) 
28.6 

0.1 
9.2 

-
(9.0) 
(0.2) 

-

9.3 

0.2 
2.9 

(0.4) 
(2.0) 
(0.1) 
(0.4) 
3.1 

-
5.0 

(0.3) 
(4.7) 
-
-

5.0 

-

17.0 

(6.9) 
(9.4) 

-
(0.7) 

17.0 

1.5 
32.6 

(18.5) 
(12.2) 
(1.1) 
(0.8) 

34.1 

1.0 

41.1 
(38.1) 
(2.2) 
(0.1) 
(0.8) 

42.1 

-
0.9 

(0.1) 
(0.8) 

-
-

0.9 

1.3 

17.7 

(4.5) 
(7.4) 
(5.6) 
(0.2) 

19.0 

T 0 T A L 60.4 18.1 33.0 78.2 30.6 9.2 15.9 27.0 139.9 147.7 2.6 53.3 

Note: ( ) = signifies product subtotal. 



APPENDIX B (Continued)
 
Energy Consumption Per Rural Household by Income Class - P8,000 and Over
 
(In GJ), 1977 

R EG 10 N 

I II III IV V VI Vii VIII IX X XI XII 

Noncommercial Energy 

Firewood 
Woodwaste 
Charcoal 
Coconut Shells 
Rice Hulls 
Others (Biogas) 

8.1 

10.3 
-

..

-
0.1 

-

3.3 
-

2.5 
-

5.1 
-

11.2 
-

0.8 
-

0.1 
-

3.3 
-

0.7 
6.5 

0.7 
-
-
-

-

0.1 
-

30.8 
-

-

15.7 
-
0.4 
0.2 

4.2 
-

3.9 
143.3 

-

5.1 
-
0.1 
-
-

10.0 
-

2.3 
-

Subtotal 18.4 0.1 5.8 16.3 0.9 10.5 0,7 30.9 16.3 151.4 5.2 12.3 

Commercial Energy 

Electricity 
Petroleum 

Gasoline 

Kerosene 

Diesel 

L P G 

0.1 
2.9 

(0.1) 

(0.9) 

-
kl.9) 

-

0.2 

-
(0.1) 

(0.1) 

-

1.3 
12.7 

(8.5) 

(2.1) 

(2.1) 

1.1 
9.6 

(2.2) 
(2.8) 

.... 

(4.7) 

0.1 
0.3 

(0.2) 
(0.1) 

0.1 
1.9 

+ 

(1.9) 

1.1 
3.6 

(2.4) 
(G.1) 

(1.).-

-

3.6 
(3.4) 
(0.2) 

-

-
2.9 

(0.1) 

(1.2) 

(1.6) 

0.7 
1.4 

-
(1.4) 

-

-

0.9 

-

(0.9) 

4.0 
4.0 

-

(4.0) 

-

Subtotal 3.0 0.2 14.0 10.7 0.4 2.0 4.7 3.6 2.9 2.1 0.9 8.0 

T 0 T A L 21.4 0.3 19.8 27.0 1.3 12.5 5.4 34.5 19.2 153.5 6.1 20.3 

Note: ( ) = signifies product subtotal. 



AI-PENDIX C
 
Summary Results Regional Distribution Correlation
 

1. Firewood Consumption 


2. Firewood Consumption 


3. Woodvaste Consumption 


4. Woodwaste Consumption 


5. Charcoal Consumption 


6. Coconut Shell Consumption 


7. Coconut Shell Consumption 


8. Ricehull Consunption 


9. Ricehull Consumption 


10. Forest Hectarage 


11. Palay Hectarage 


12. Coconut Hectarage 


13. Backyard Hug Popuation 


14. Logging Production 


15. Coconut Production 


16. Palay Production 


17. Diesel Consumption 


18. 	 Electricity Consumption 

(Generated)
 

Forrs, Hectarage 


Number uf Public Markets 


Logging Waste and Resioues 

Production
 

Sawmill Capacity 


Number of Public Markets 


Coconut Production 


Coconut Hectarage 


Palay Production 


Palay Hectarage 


Rural Population 


Rural Population 


Rural Population 


Rural Population 


Rural Population 


Rural Population 


Rural Population 


Number of Rural Households 

Electrified
 

Diesel Consumption 


Gins Coefficient 


0.40
 

0.24
 

0.90
 

0.64
 

0.21
 

0.34
 

0.34
 

0.51
 

0.44
 

0.34
 

0.23
 

0.46
 

0.20
 

0.61
 

0.46
 

0.27
 

0.75
 

0.92
 

Significant (/)
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NOTES 

1. In 1977, the fbreign exchange conversion was approximately P7.50 for 
every U.S. dollar. Inft'rmal consultations reveal that a Bangladesh study 
covering 23 villages cost $12,000 to complete wit h 26 technical people 
doing field survey work for 3 to .Imont hs. In Indonesia, a study of 
.10 villages cost $30,000. 1 it llad!ai, twoNatioide sttudies of 697 
and 200 villages each, cost $60,000 per st udy for field and analysis 
work of one and onc-hal fmont hs, teat tiringa more comprehensive 
questionnaire. 

2. Noncommercial energ reflets to the energy frms frequent ly used in 
traditional sectors, largely Iunmonitored. Such fuels are widely bought 
and sold and imlude heat-sul)t)lying sou rces such as wood, charcoal, 
wood wastes, plait and animal residues. Commercial energy isenergy 
obtained fro n organized energy supply industries, such as electric 
power aid petroletlli produtls. 
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5 
Analysis of Rural Energy Development 
in Thailand 

Surapong Chirarattananon 

INTRODUCTION 

The 1980s mark Thailand's third decade of national development. 
The Fifth National Economic and Social Development Plan provides the 

framework For planing and executing activities ot the next five years. 

I)uring this important period of"st ructural readjulstment;$' Ihailand will 

develop into a senii-indistrialized country. 
Etiorts ofthe first two develol)ment plans, spanning 1962 to 1972, 

concent rated on the const ruct loil of ecoiotil ic in f'rastruct tires. '1'y)ically, 

energy resources were imol)rted without constraint, so that over three 

tines itsmuch energy was consumed in 1972 as in 1962. Moreovel, the 

early pattern of pet roleuii fuel consumption as well itsthe comiposition of' 

tile refinery out put contributed to price di flrentials distinctly fiavoring 

diesel fuel, greatly augmenting its use. 
The energy crisis of 1973-7.1 erupted during the middle of the Third 

Plan, causing serious repercussions. The gradual ad justnients in doilestic 

fuel prices delayed tie eflect oil tile overall econiomy in spite of'quialittim 
leaps in imported fuel cost. 'The government al)eared to absorb tile 
deficit to slow in flatioli and to st)port tile economy. The country's trade 
balance deficit was offset largely by tile export of agricultural products, 
while agricult tire consmned less than 10 percent of the imported oil. By 

tle end of tle '[Ihird Plan, no significant shift had occurred inithe pattern 
ofelenergy consm)ption,except for a decrease ili the rate of'growth. 
Petroleum imlorts increased by 50 percent during lit time period 

(aii auntnal average of approxinlately 9 percent). 
In spi'e of the (list tirbance catsed by tile energy crisis, agriculture 

contilitied to grow at all average rate of -1.8 percent per year during the 
Fourth Pal (1977 to 1981 )-a sligh'lv slower rate than the 5.2 percent 

per year during lie previotis 15 years. "hat contintied growth in 
agricult re hinged en the -1percit per year expansion of land under 

cultivation. By tile be-m ii ing of'th ieFourt h Plan, available land was 
r.pidly diminishing. Even so, since the rate of expansion of land under 

ctiltivati'm was higher than tle rate of'poptilation growth, on tile average, 
landholdlig pcr capita had been increasing. As a result, fariii inechaniza

169 
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Iioln, ofic~ialllN' endorse)~d li" i decadeii, expandie~(i,itily slowlN., ill) uiil 

the ltlle ol'tlht' loIili Plan. 

The eflects(flie t'llelvy Ce iSirg i(l th li ti(rd tillitlit in t'fel )iceCs5 

(re fletin ill1mor Cx)CtlSivc grt'd ile ecoillnlviiioirts) we idally fell ill 

(lirinI g lit' l)t' ol 1'coiii' a coio (fthe lourth PHlli. dhtiiciiillil (dea illi tution 

grew excessively, Ctliiitillllliig to a1high iii Ilin in rate, while foitigil 

lorrwiiiig aniido ii'estieliultoillsiiireasedto(off set thie groinvg fldticil iii 

the I)ilacilett (Ifi i(f('. 1l'ht'heoliolmi lo grow at velI aliiglihtr, 'iiilliit'rl 
irilt 1lhi11i Ill lht'c pit'\i ll s plans. liht inidustlriail setorl l \\. its groi' ngi ill anl 

c'Xc)iollall high , hIitlt'rai t(o. 
(oinc'rliedl (oi)ioi. lliiiii g ;ilthoiilis as \%tll i i t . ail iol'ities 

iivlip.il thll lifii Plan based (i)" ''iru iilrl iljiciliei tow oiirleiiioie 

t()Ithllt plliis'
 

it tlep iiltistrv prbal)bly will phi\ a slroige role ill te ecoiili\v
 

growth olagritcilli rc hN inicreaiiig yield. IlK;ei So, hisl(l 

ll as bases frtlhial agiic'uh ilt'. Proviincial caiitls are iivsioiie(f iiiliisial 

the Nai oi il I'coinoi i all Social Dleelopieit Board (NESB) 
aidl N;itliol iniergy .limiiisi ration (NIK.\) ili ilt( ;Ia se fitit it'lvi\e 

eiileig stI dies and pliniiiing a1 i\ itics ill 1978, al)oii four eiis afiter the 
beginiii g (oftlhe tilerg (risis. This t1.1r-dv 0ff cll it'51)oiict' rt'tlc'is the 
tillcetIt it'('l)i il of tIhi' o l i(l a gap ill tli' ilitletstii(hillgo)if)hitcii of 
ihe' situatiion. lIi 178. 1.\ coi(lited i 11lo rteview of hiailand's 
elii gV (leiii(l aiidl coliisilliptiotlr ih l' t('\i(-Ios cai. By 1979, NL.\ 
lii(l Ct(lilen t i jili i(ldelopent oenerligy sourslila(l ti(ell 
oelicitIhli tlei tlll Illnd it liii lihadceapprol b I ite NEI)II. While 
sttill proidinig fioa slight iielst iill aiiitia l)t'li t'diii (colisillil)i(oll, Ihis 
ila~ll enllil..1i/te relilI l i h I l t ( t iec%. ()ii pt iolctulm I().15' petrcet'l 

over I0 \'ears. Lignite dleposits, lydiopowei geothmiaiiii iwer, and 
almost ailll lie rt''wal)l(' oricels \V('tl(to )e xtilirel aiidI(' tit'il 

devellped. h' plail AiiSci iicliides :ilmeslilialid (outihllioin of wiild 

eln'r' , solar tlleilgv, ;igi'ihll ital w andi iaSt-giowicig1s hiogis, anild 
woo( sleties fioii ,]wkvo'JWUl s()its.

.lhe Etierp laster Plai sililt\, (otiiliwissiolti( \1 tl' ""1F.,\.wilh 
aidf Iloilii l iAi l)ewlolitll Bank, is ,i iijirthiiist'e st i(Iv of 
prolem s olertiitr ulslliitio)t nd ee'rgy it'oll(('dtwlo0ilnt 

ets. the'ohli hr lulv ils( cotiill issiol(lii bvlie iel 2() ive ualiillieu 

the Minist ry oif liiiceliois develop a cotmi 1 ll.isiVte plail (in energy
prlic:ing! policy' andi (li ) p l ionall picing(;;tc'(ll lleitall Fue'ls, miainly 

)eli()lt'Uill ilin products fr.o il laillt ,! .Is. 
Telie cilnti has tesl)o(edl to te i (ilni igl<eiielgy co)nst aiits with 

great tesilinciianid reasonllablenesse \ii iii tlit' oLfthlie state authorities' 

http:iivlip.il
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uels ihcreased siubstaninitial uncertainty. Consutupt ion of petroletil 

tially in 1980-81 and then stalled in 1981 and into the first half"of 1982. 

Larger induistries began converting to lignite, coal, and tiatuiral gas. 

Several other measures were imposed, such as closing all petrol st ations 

for certtain hlouts and days. Iinaddition,discoveries of natural gas reserves 

and of a small petroleuml resere'C ha\vC Stitlilated further development 

and growth. l)efinite pllns for tile utilization of the natural gas are 

pending, but met hanoi and liquefied petroleum gas (LPG) may be 

substitutes for diesel and gasoline in rural areas. 

Until 1979, ruiral encrgy cfonsumlpt ion had been estimated by 

a )iilot S II"CV0oilrllral enerj.g' COASIlpsCcoii(dtIV soiiics. At that tillI, 

ion was iilti sted. National follow-i) surveys were completed in 1980. 

They nllade available the First reliable estimates on ftjelwood coulsuilp

tiout and other issues. _'Uln tlie colniect iolutiriatel, between energy 

utilizat ion and rur'al develomineit has not been delineated in any 

ofl icial st idy or developnwnt plaln. 
Comnercial energy in rral treas, where over 72 percent of the 

p)opulatiorl lives, ;accounts for only 13.5 percent of the total commercial 

energy used, even including the -.8 percent used in agrictlture. 

Commercial energy consumption is highly concentrated in the developed, 

heavily concentrated industrial, and heavily populated urban areas. 

Several policies concerning energy supl)ly, such as rural electrification, 

mention a connect ion between energy and rural development, but 

(l nwolmelil poliicies have not vet aligned themselves to those concerns. 

THE RURAL ECONOMY AND NATIONAL DEVELOPMENT 

As of'.jaiua'v 190(, the llhai I)opulatinon was estimited at -16. 15
 

million, orla average of 90 people per sq kin. 'lraditionally agrarian, the
 

pllllit ion is coticelt rated illt he three matin1 Flat land areas adjacent to
 

part of'the Northeaustern
rixers atni theii tributaries: (1)1 lie southerini 

Region, (2) the central plain, anid (3) the Soutlhern Rcgion. In the last 

iigrated to t he more economically(ecade, even thougli some people have 
dCvClol)ld indlust rial areas near Bangkok \let roliois, tlie overall 

I ). (listiiliutiol pattern lis not chaiged (seT 'ible 
lhIielargest admilistrat u1it ill Thailan l is Ihe'province (/angwad), 

itadle u) of dist rids (Amphur. A dlistrict colip)iSs coiiitii'.iiies 7ambo). 

lit turn, several villages (,\luibanl) lolr Illlco iilltiie.
 

Regionlal lailholding patterns i 1en ill'lable 2. flhe \inistrv of
 

Agriculture and (ooperitiives has classli'ed agriciltuiral land into 19
 

based oil soil, avlage monthly raintill, average
agroeoiolic llt 


iiboililtnly It ei'iuie, dactivities agituraatul (see Fig. I).
iif iliiiig 
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TABLE 1. 
Population by Region, 1980
 

Region Area Population Density Rural 
(sq. km.) (million) (Person per sq. km.) Population 

(million) 

i,549 5.00 3,228 -
Bangkok 


7.37
North 156,375 9.59 61 


Northeast 170,227 16.09 95 13.66
 

Central 35,704 4.93 138 4.50
 

East 36,395 2.83 78 2.57
 

West 50,103 3.58 71 3.21
 

South 70,153 5.82 83 4.5b
 

Source: Figures recompiled from NEA, Report on the 1980 Rural Energy
 
Survey, Part 1, 1982, and the January, 1980, statistics released by NEA.
 

Legislation on agroeconomy stipulating the zonal division provides the 
legal basis for concerted agricutural development. In addition, the 
Ninistry of AgricuIt tire and Cooperatives proviles an agricutural advisor 
to evei commtine to coordinate government projects at the grass roots 
level. Price movements and other inforiation arc disseminated thlrough 
these advisors. 

Rice cot inties to he the inajor crop, but production has diversified 
with more than I(cash crops each reaching a value of more than one 
billion bahts' (13) per year. From 1969-1970 to 1977- 1978, production of 
cassava and sugarcane increased over three and f'bir times respectively. 
However, only rubber, to!)acco, and coconut yields increased over that 
time. Fertilizer used increased froni an average of3.7 kg/rai for all Field 
crops in 19619- 1970 to 8.1 kg/rai in 1977- 1978. The -1percent average 
annual expansion of land tider cultivation until the mid- 1970s declined 
to 3.5 percent in the late 1970s. Water resources development and 
tile construction of'sonic 60,000 ki ofaccess roads accounted for 

sofile growth. 
In Thailand, livestock arc used primarily for drawing loads. The 

secondary use is as sotirces of meat for dolestic consumpt ion. ILivestock 
also are important for the dairy ihihstry and export. Alihough 1L I-easing 
internaional and donlestic dIemand has stimulated livestock growth, 
bullocks and buHlao are still coinmonly used in most agricultural areas 
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TABLE 2. 
Landholding and Ownership Patterns by Region, 1978
 

Region
 

Type of Land Use North Northeast Central South Total
 

Percentage of Persons
 
F,2.8
91.7 65.7 92.3
Owning Land 77.2 


(million rais)
 

321.25
106.25 106.39 64.74 43.86
Total Land Area 


113.80
Total Land Holding 23.99 46.44 30.13 13.25 


.95 .71 .47
Housing Area .58 2.71
 

Paddy Land 15.80 33.62 16.92 4.74 71.09
 

23.61
Other Field Crops 6.20 8.80 8.52 .09 


Under Fruit Trees and
 
2.22 6.90 10.16
Tree Crops .73 .32 


.06 .02 .23
Vegetables and Flowers .08 .06 


.31 .61 2.98
.24 1.81
Idle Land 


.18 .29 .05 2.50
.01
Pasture 


59.96 34.61 30.62 207.45
82.27
Unclassified* 


Source: Ministry of Agriculture and Cooperatives, Department of
 

Agricultural Economics, 1978.
 

*Most of this land is considered forest land.
 

for (Iraft power. And the number of'draft aniamls stopped declining after 

the 1973 energy crisis. 
Forestry' was once a major agricultural activity, but it has rapidly 

decreased(Idue to exploitation. And attempts at reforestation have not miet 

with substantial success. l.arge-scale illegal logging has been halted only 

recently and illegal clearing of forested land for agriculturc contines, 

although at a lower rate than before. The total value of forestry products 

reached B5 billion in 1979 but has declined since then. See Tlable 3 for 

estimated forested area by region as of 1980. 

Of the 60,296 registered industrial establishmcnts in Thailand il 

1979, about 99 percent employed fewer than 100 pcrsous. Clearly, small

scale industries play a significant role in the economic structure. The 
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AGROECONOMIC ZONES 

7 4 

1 15 1.Tobacco cow silk 

4. Cow jute silk maize 
5. Maize jute cow cotton silk castor 
6. maize sorghum tobacco cotton 
7. Blackgram maize cotton soybean 
8. Soybean peanut maize cow 
9. Cotton tobacco so,, tean cow 

10.Tobacco soybean cw 
11.Rice rotation crop!
 
12 Cow sugarcane ta ,oira cotton maize castor
 
13. Rice tapioca cow
 
14 Fisherycoconut
 
15.Tapioca sugarcane fishery
 
16.Rubber fruit tree fishery
 
17 Rice rubber coconut cow coffee fishery
 
18 Rubber coconut fishery
 
19 Rubber coconut fruit tree coffee
 

No . 'Cow' means cattle and general livestock. 

Figure 1.Agre. onomic Zones 

principal rural industries are weaving, uni)rclla making, ceramics, 
cassava, saw .nills, stigat; rice Inills, food processing, salt, and ice making. 
Other stich industries concentrate oil wood and batnboo handicraft, 
tniello wares aud bronze wares, and metal casting -all for household 
ttetsils -as well as tobaccoaaid rtlbber-drving plants. Small oil

extracting platts ro(t cC am inal and vegetable oils for local consutlp
tio0 ,b)lt that indtustrv is dominated by la,'gc-scale f'actories located 
near Bangkok. 
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TABLE 3.
 
Forested Land, by Region, 1980
 

Region Forest Area Natural Annual Regeneration
 

(million rais) (million rais) (percent)
 

North 33.74 .66 1.9
 

2.0
Northeast 13.72 .28 


Central 9.40 .22 2.3
 

South 8.33 .21 2.5
 

Total 1980 65.19 1.36 2.1
 

Total 1970 82.75 1.73 2.0
 

Source: Compiled from statistic No. 125, Center for Agricultural
 

Statistics. Ministry of Agriculture and Cooperatives.
 

Note: A 1970 FAO estimate listL forest land area as 145.98 million rais,
 

with marginal forest land (village woodluts) as 4.56 million rais.
 

SIaIl-scale rtzl i(InIst IVI I lo. Ilcds for goods and prosw, hca 
vides bothl perillaileiit and seasonal eillploymieiit to irurralCol1mli1it ies, 
II el)y rel(IcIIg i Igrat iol te a lreaI(Iy crowded cities. It can easi!y adapt 
a.lterative prdtuction teclhiques, thereby benetitilg technology 
difi lsioll. If properly pinnlied, small-sc'ale industry call provide a 

comp lex iitdustries. 
Rural elect ri ical ion is regarded as importailt by (evclol)lnt 

atit horiies for increasing ecoIIOIlIiC l)i'o)(Iictivitylad living standardS. 
As of 1980, 36 perccnt of[lhai villages (or 18,511 of 5.t,.t00 villages) had 
electricity. The Fifthi I)o jectS 92 lercent. Three projects 

valuable link to m eore 

Economic Plant 
organize ri',d electrnification. The first provides electricity to 18,500 

villages by the existing Suppl)ly grid expanlsion plan. The second project 

provides electricity to 10,900 villages under thw.rn'aljob creat ion scheme 
and other special schemes. The last project, the Accelerated Rural 
Electrificat ioll Project (ARE), provides rapid explansioil of electrical 
su)ply to the Iest of tile country i Five lhases from 1977 to 1994. The 
first pha:;e, covering 5,200 villages, is scheduled for colnI)let ion by 1982. 
The Second phase, covering 8,000 villages, began in 1981. Requirements 

for electricity projected fotr the second phase are shown in lIable 4. 

http:t)e~lol.iw
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TABLE 4. 
Requirements for Electricity, Second Phase,

Accelerated Rural Electrification
 

Classification 

Number
 

Rice Mills 
1,675 

Electrical Power (Repair Shops, etc.) 6,644 
Water Pumping (Agriculture) 

2,094 

Subtotal 10,413 

Households 
753,953 

Stores 
57,670 

Water Pumping (Household) 
11.871 

Subtotal 823,474 

THE FIFTH ECONOMIC AND SOCIAL DEVEY OPMENT PLAN 

Over four consecul ive plans periods, tile (;NI' increased from 1 60,000million in l9f1 to BI817,00 million in 1981, and percapita income rose
fron B,20()0 to BA17,200. 1lowevet; (lie struct ural trattsl0rnIation toward 
a sell)i-industrialli/ed econotlv with sutbstiitial international trade hasbeen accollipa.ied by serious eCo'itotiUc antd social problems. The F'ifth
Plall suillai/zes celttai prol)lems. 

I. lcotmillic tuncertazityt\ ada wotsening I'itancial climate. A high
consumption demiand, resulting t rout rapid econontic growth, as well as an 11.7 perct average in hitlio rate over the last five years, and related
serious adlverse effects have created hardships lot people living ol fixedincomltes. Increasiuiglv mtore' importation IhecaIse ofl' high iiconsumption
deliand has catstd aserious deficit in theialace of l)ayniwfnits, even afr
efforts It obtain international loans. 

2. )egradation of the natural resource base andI lhe envi-onment.
Forests have been depleted at an alarning rate. Agricultural yields havediminished due to soil degraat ion and erosion. lishery yields have
decreased from the inland sources and from the seawaters within
exclusive econonlic zones. Alkid agglomerat ion of inul 'stries has congested
the cities, especially Bangkok.

3. Social problems. Society in general has not beei able to adjust to 
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tile results of IliNd ecotiontic lratlsfortllm;tiotl. elsicr(ltdlshis h cuhtual
 

)robl) ms, cfmtiges in soc'i(.,;tl sociall
v.dtie, Iiiit-colic po) Iltis. m,,id 
secu rit, 1)01lietlns. 

.1.P()vClvtv tin ('t)tl<Otti( 't7 7ral itrc'is. An ;ivc.igg growth of ovr 
pcen:_'+t in the l;Ist 111;6111v InI;mn p>.op]!v';111(1Iwo deIc'(,ds Ires bum-'l ited< 

( tfl't Rc'gioti. S<It oIt llu fic 
iinial leole living inIlh irrigaltet ;i.,i,,, but mostiitl Iresidetnts hlave 
I ot r'ceive( l)ro)lortiotn+ Il)c.'tncfits. Shi Ill icmt l. u)( 2:5 )Cr'tlt of' 

the rurl esJiteiIts silt live ill pv\I'tY. 

people)I living i tint st' lftIii'f is tle 

)IIritig Ilt' last tv,'o((ltcl(e's (f (levch'Io'hmI IIt. th glross rtegioIal 

lroduct in tile (itctul Region ,mid iii Riiigkok hav incretist'd, itthe 
ex)ense of otlt . regions. lh. sct'riLs dispiaiitv inIlit regioiud I)i'c(al)itli 
incomle is tggl;rvat(,l I)'. Ifisl)iinitt, int(olis oflpeople ill diffeteni 

)rti(ltuctio t' \ .Isecor ii)welr situdy by NIESI)B Ft',j)rtd tle... l, ;ihat 
I)VIr m u illCOHflll tl<_hight'r illt(011IC gro~up (+Just i2.5'per'cetlCilpiti Ira" 


of lth' leop'le) was1A55Ni while the'ltht ('ipiia liltllt' )ft hw fiiruners 
(68.5 pe('_lt oft hWARl)t'wopI) "as only I.6, 160). NIA also conduwted i 
silltv of tir_'it ot.\r\it'Vs iiihit (hl)(litltit.'f atllotlii" 5t't of in(omeW 
est t'(f fortl t l Iii' t h infol ilt.' rtr;Il inliml on (stt'ib.it 5). ge.iiiItlr o 
tile:CCO(1)I()ii hMS IrCd(T.d Iht' ilcidIt'ticc '' pocrl>(> blnl pme\trt\ rvlmains it 

signilic'111n l pirolemln ;il1(1 icl ih •',lllt ini ccr'liil ilri';s, snuch
r n',i is 1);1ir1 

Ishi th,itr' ti il.tiiiost i; Iif ;ili(litli(' Noirt hiRegioni inIht' .N)illieast 
R!t'giuti. liFh Notlit',ist is estiniatleitli )o\ttisfitl pioniititin hi ihi(' ito be 
6imlillioin peolelt. 

n)t, proiltii Itti to lli(Ihealhh. Atcorlinglinik'( j)o\tty is liillit;ion 
to a11981) I"A() r'poli, Iit' pr (ailptailii)(iix (iIlOlitc siiply Im mtiaerilge 
Iliai is ;aoli 2,200 (al (sie also Iiilt. 6). 

(Childre'n'sillrili(>n is dilteiult. |Fxv(II tlirniwith ;Itlood surlus,ml111 

inglgv high taitl lilltiitllition ii ('hilhtt'ti t'Xis 'IhlifhtightuIt tl)illNlttV. 
A.-I 981) suirvt'v hI' li('.Minisir'vof, Public I eat, h foutd thatlietiirv 3.6 
million ('hihtlndiilt)it's(hio)l I;ie (53 litt'ut) sufftred f'lflinsiifti'itil 
iltike 'roiltoin a11Iltalhiit's ill Varios (ilegttits. ilt' j)ilfetn is li(1st 

seV'eie ini lt' Noi'tl;ist Rtgioti, whetrc 1.7 iillioin c:hiltnti (59.:-) ptr'et) 
in 1i i r iloi Afiteaft'ltf. 

Tlhe'Fifth P>LIII (icts econmicil( id~ lwiik'll reformlispeit ilit, rl-tcLillt'( 


mi( struttiural i(fjuisllntcn. iitillihlsi/t'tI aite (I) iirt;lStd urixitt' aiiid 

govrt'tlilntnui savitgs: (2) rtliltehf (it'inliiitl fot iiess t'uit ial oio s ittihi 

te(ducte(d wiste; ni (3) inttisct lialiotial ptrodtctivitv, ilihilintg lrle 
efficieit list' of'tesoilltt's iii(d inliltis hihtt'died itpotis oll ()il. 
A loweir )oliLiiio g l rowliiate is i) ojttc'd ;iswell ;ishi ir (hlit 
hmtllnl resoittes. Re'oiis 11thel glass rlls ievel insc)iiii service strt 

http:stt'ib.it
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TABLE 5.
 
Income Distribution of Rural Households, 1980
 

Income Class ('000 ) Average Income 

0-24 24-48 48-72 72-120 120 up Household Per Capita 

l|egion (percentage) ('000 ) 

North b5.6 19.4 7.6 A.2 3.1 23.5 4.4 

Northeast 81.5 12.3 3.2 1.7 1.4 15.7 2.5 

Central 1 39. 24.0 13.7 13.7 9.6 34.2 5.8 

Central 2 53.0 29.5 5.4 6.0 6.0 27.7 4.3 

South 66.7 20.0 8.9 3.7 0.7 21.9 3.8 

National 68.8 18.4 6.0 3.9 2.9 21.5 3.7 

Source: NEA Rural Energy Survey, 1980.
 

TABLE 6.
 
Per Capita Food Consumption, Rural Inhabitants, 1980
 

Region Glutinous 

North 73.1 

Northeast 138.1 

Central 1 0.6 

Central 2 1.0 

South 0.6 

National 77.4 

Rice
 

Non-glutinous 


kg/year 


95.0 


51.3 


166.8 


141.9 


140.4 


94.7 


Source: NEA Rural Energy Survey, 1980
 

Calories 


per day
 

1,740 


1,960 


1,730 


1,470 


1,450 


1,780 


Vegetables 


48.9 


33.4 


49.7 


49.0 


49.3 


42.6 


Meat and Fish
 

kg/year
 

12.3
 

15.0
 

12.2
 

11.8
 

15.4
 

13.8
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TABLE 7.
 
Energy Consumption for Final Year of Each Plan
 

Unit: equiv. Lil. liters of crude oil
 

Source Plan 1 1966 Plan 2 1971 Plan 3 1976 Plan 4 1981
 

Petroleum 2,920 60 6,408 71 9,580 79 12,072 70 

products 

Hydroelectric 489 10 669 7 1,229 10 2,084 12 

Lignite 130 3 185 2 272 2 1,288 8 

Others* 1,296 27 1,791 20 1,024 9 1,707 10 

Total 4,835 100 9,053 100 12,105 100 17,151 100
 

Source: NEA
 

*Others includes fuelwood, charcoal, paddy husk, bagasse, and other
 
agricultural wastes.
 

tires eipliasize sell IhelpI through education and training as vell as 
cool)eratil111nonig n Icitibers of lie society. 

ENERGY ISSUES AND ENERGY POLICY 

l ht growtl in cnergy ctoisit n pt ion aid sl its ill its composition 
(tiring the First fir plan periods are seen in "lihle7, alt Ku:gh estimates 
ofnoncommercial er, rgy u'se in the table should be viewed with reserva
tion. Energy coilstiU pt ion grew by 13 ipercent per year during the first 

two periods (1962 to 1971). Thle Ihhrd Plan sup)l)orted rural electrifica
tion, with total electricity' demand increasing by 1-1 to 15 percent each 
year. With the energy crisis, energy consumlption contiiilied to rise bti at 
a lower rate ofhoult 9 percent a year. 

I tihe Fourth Plan, tile pace of hydroclect ic development increased 
and production and constilljIt loll of lignite accelerated. Increased 
exploration activities in petroletiri and natural gas deposits restlted iln 
discovery ol'the natural gas depolsils ii i lite gullfofI'hlailand. By 1981, 
energy consumiiptio(n growtlh redltccd to 6 percent per year. Price SIltIc-
Itire also has ill ft ueliced( )tet role tilt) C(li;l Ilons)tuio (see "'Ible 8). 

The low energy prices contributed to tile highg rowth of demand 
ill Iransportation, IiialitfIact il'ing, and (ostrlction sectors aind stulbse
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TABLE 8. 
Energy Prices, 1970-1980 

1970 1973 1975 1978 1979 1980 

Average Import 

Oil Price (h/bbl) 

Electricity ($/kWh) 

Premium Gasoline (W/I) 

High Speed aiesel (9/1) 

Fuel Oil (h/I) 

43 

.28 

2.10 

.43 

.70 

64 

.28 

2.30 

1.05 

n.a. 

232 

.46 

3.62 

2.33 

1.44 

286 

.61 

4.22 

2.64 

1.61 

409 

.61 

5.60 

4.88 

2.90 

650 

.90 

9.80 

6.54 

3.61 

Source: Petroleum Authority of Thailand (PTT). 

TABLE 9. 
Market Prices of Petroleum Products, 1981-1982 

Products 
 Market Price 
 Products Market Price
 
(Bangkok) 
 (Bangkok)
 
(hl) 
 (h/kg)
 

Premium Gasoline 
 13.45 
 LPG, large tank 9.46
 

Regular Gasoline 11.40 
 LPG, small tank 9.99
 

Kerosene 
 6.12
 

High Speed Diesel 7.37
 

Low Speed Diesel 7.12 
 (hton)
 

Fuel Oil 600 
 4.70 Asphalt 5,075
 

Fuel Oil 2,000 4.43
 

Source: PTT
 

Note: One liter of LPG is 
equivalent to .57 kilogram.
 

quently to tie high average rate of inflation during 1975 to 1980. Perhaps
the most serious problem is the 5 to 10 percent of energy from petroleum
products used in Bangkok Metropolis alone, for private personal trans
portation compared with a mere ,t.8 percent for agricultural production.

The import bill from pet roleumli and its products matched the trade 
deficit in 1981 at 42 percent oft he export value. Diesel engines using the
cheaper fuel are replacing gasoline engines in industry and transporta



TABLE 10. 
Petroleum Consumption, 1980. 

Sectors Petroleum Percentage 
(million liters) 

9.9
Agriculture 1,208 


31.6
Tertiary and Others 3,864 


Transportaticn 5,0b8 41.5
 

Manufacturing 1,968 16.1
 

108 .9
Construction 


Total 12,216 100.0
 

some nmodified gasoline 

engines for tile same reason (see lable 9). Several st udies of price policy 

have been coin iissionel recently, blit a Coil iprelhesive st ud is needed to 

investigate the l(mg-term efects , cspecially as related to development and 

to poorer' sections,,ft he populat ion. 

"\nestiniated surplus of'I.l(; aidllmet hianol production from natural 

tioll alid also in agriculture. 1.1)(; is lining used ill 

gas, fiher 1986. ;als) causes comncern about energy pricing.Natural gas has 

lccn produtceod since October 1981 andilup to 150 million cubic feet have 

lbcti lsed cl,6lv to produce electricity. In :ceaseod use of l1P(; as well as 

methantol may bie promoted for rural areas. Petroleum price a(ljustlients 

itt I 980 and 1981 nay well l)e su fficient to compete with lthe import and 

to curtaill constllitiot demInid. (onstmution slatistics for 1980 are 

given in '1able 10.Tl[e 1981 consuml)tion of pet roleutm and its products 

ailllints to 12 ,07() million liters. The dhop from 1980 coosuti ptiotl seems 

to substalnt iate t lie curtaihinlent. 

lie Fifth Plan aims to reduce )etroleunm imports 1y 3 percent alint

ally and linit overall energy consumptiotn growth to 4.,; percent each year. 

The Plan specifies removing subsidies to ad just energy prices and pro

moting efficient energy use by rewarding energy conservation. In addi

tion, development of'appropriate energy sources for rural areas will 
be accelerated. 

AGRICULTURAL AND RURAL DEVELOPMENT POLICY 

Problems facing tlie agricult ural sector specifically are stmli tmarized 

in lie Fifth Pl as redu:ed l)oduct ion growth rate, tn just pricing and 

fiu!ty market struct ure,and underdeveloped farmters' institlt ions. 



182 ur, IEIu'g0)IMt.e I l)evh)pmenI Needs 

Agricultural Policy and Energy Implications 

In the face oft hese problemlus, t lrese ive Jpolicies seem r'easonable.
 

I.Rea!just rie agricui tiral in frasirtict fire. Increase productivity by 
-
increaised yield all(] optillitl land use accortding to ;gl.Oconnlonii 

zonLe SI ct ,e.t,(1

2. l')olo,.innst prices lr ;grichilr rral produce, Ihr gh ver'tes 

ot-) p')Iodut' ndarll i(_w llarket st ,'l(t fire. 
3. Accelerate+lad r'claiiitli and improve (list 1-11 l'ti l io fland own

ership.
4. Increase agricnilt ural assistrlrce front fiiaicial ijst ittitions. 
5. More iltmegrated rural insitrrtiorms (NESI)B 198 . 
Certain goals friagricultn ial pr< <ltioll have ,evII sei. 
1.An overall inltial growth of 1.5 percent. In pairticula; this mieans 

.1.7 percent fi"crop product ion, 1.2 pe.,rcent lor li\estock prodtltctif, .5 for K a R FlveIir for fIe strv.ercelu 
2. A increalse inpr(lictliori fliciencv. 1I3aldfv +'ield slmlul increase 

frour 3.13 kg/rai ICo355 kg/rai inthe Non , Region, frn 22.1 to 293in the Noithsiesl Region, hin I(
302 to+329 in t .riil Region, and 
firI 2H5 Io 290 intirheotr ISh Regioln. Anni;iI increlts sof' Ietweell 
I.1 to 8.9 percent ;aie pro jected f-<loricr clops.

3. Move eliici+'ti\ us-d flantuial Itcsoill-c.s..' oil inl) roverlenI and

improvementt il ri ilrest'lt irrigalion s\sieii (wil holtt significantly
increasing Irrigat ion are) are planned, as isa ieforestarnionl.gran 
of:"?)0,00() rais per year. 

..An 11.7 annual pe-cent increase in agricunh tral oniffs (Or 15,700
million FromIlite BI 1,600 mliloln basef 1982). .\ estimated i.23
million hou1selhOlds will benefit frolll aV\erage hais of'B7,200 
per yearn. 

Neit her fuel lior energv is menti or ed explicitly in tIhe agrictrltural
 
policy. Nevert heless, increasing agrictl 
 Iral prodnlct ion ell tails sorle vetundefined increarse inl energy coistilrp ion. '5singcp prodctt ion

growthfprojections (1.7) pelcenit and I he elrsticity,of eerg' denla(dbased (In prodluc:t o~ngrowl.' h (1.2(i), ailntuial elerg\v derliard growr',' h canl, 
he prCjet':ed at 5.9 e)iI.t. I lowever,Illicrost urdies of parrtictrl rr ;agricllI
turral suibregions ane needed on energy urse pI Ieins adrl lr+.<lirernents lbr
agricut ural p~rloduction. ierps irgroeCorroic /oiies alti )rC priare
sites for saillple studies. \ViIIotrt . rllppropriiate prior sttrly, IlIelll,ts tol 

en Worce any ,ltei-nalt ivteenergy pricing ImlicV o.to conivert Iie Irse 'oftie 
present furel type roITG.(;, Ine llilol,or even gaso,ol illay rnot produce [hedesired result ofr Iay e-\'en create harlship oilI lie ftrrinrers. 
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Rural Development Policy 

Serious disparitv exists ill tile (list rilhtt ion o(levelopnient l)enCfits as 
indicated bV variolls ec)tloinica id so(il conditions. "l alleviate this 
(lisp.lHit',Ilie prelsent I)li(V guidelines lIt rural (ev'el))tllenlt Iil)hasize 
peolel 0! ltiiit (hIevhelq)Ilet ratlher tl an ,( 1<iti (lev\')il]ieelt., which 

lls ;i%,vaNs received thc highest jriorit in Itle. )rinciple of thispast. '11, 
po(licy has a fiv\.-l iiitgtiilcline: (I ) being area-specif ic, (2) assisting 

peple,to chieve a reasmiable livelil ood, (1) tlll)lliIzillg assistitice 
II ito ae thlw abilit v lit self-help, (-I) i(ict ifV'ing aui(l alleviating the 
proileIms lacinlg tIe impoverislh(l, aiul '5)involving the eole)'h ill 
de:signing soltutims to 1heir )wI POI)l(flls as much as possibhle. 

Development of Specific Areas and Towns. ()nte section ofthme Fiftlh 

Plan fcuises o)I dcoh,)pIIcIll IoIf, Sfi it areas (including towilvs),e5'til 

t( dist timlt c eiole (etiters ofeMoon ict viti+s. These five(t'uilabl u 
Spl fI aili cI l.areas l I i\iti.s to tiplialsi/.d at. 

I l.t'lelle illw easteril s ah :rd: (e\'lopiIng basict.
pr, illt<ces 

nlat iral gas.ili(ltst ris, eSl)c 1.iallv 

2. [lie pr)viices inI t(i West Region: stipl-catic and il ieapple 

rlteasl lRgion .11 I Itl,l 1


Norlt hili i: ii1 ptm in g soil an1d \wate'r re.s lt 

3. [lie.lowcr part (of lic Non tl ppr pl' t ofttlie 

-Ces, rCgenerating 
1orest ;ircas. and !uhleviaItIIIng 1 ' Y1Av 

hc hclr l in thle' SIlt II l(.egioi: social problel is andI. Ili l il II '.es 

t ,,,allot rt IrI;I m il I de.vehlping5.Ii iI Al (itit-,,, c+ itic's: 

i.li' Ill'',
CCM I0)li~I 


Development of Impoverished Areas. ased oit ;aseries olsi tidies 
of inicators associat'led \,ilhiagrictilltII., th le've.cls of rural ecolloimv 
we.re i(.leu ilit . 

In t..1 .uc ItrTic Itlial ;areas. ol1l< unity Alca:,dy exists 1itrli .l+i+' lth ilt 
ilcreasel l-r(i~ iIvilt. I'lis' aicas i Ith.hethe irrigal'd areas oift he 
Nortlherl legion aund t lie ((clit rIh llaill and(thosc are'as withl long raiul. 
letiods ,.ffouding pl]iitatiomi if cash crqs wit h highe.g rrelt ln t hat lpaddy. 
in t hiise areas the alreadv high overall ,c(cmilillic rct t1rn per prtlantaliot 
Iitca still callie i. 

2. h1tlit.oc.i-/l hrcIo,i,' lictil iiiA areas, gricftilltire relies tilore 

)ii riain, but iicolel stippIlltitnis ire possible by alloca iti Smilareis 

fo0r cash crops. hiese areals evidence reid iitlItlie iiicreises by ul to 90 

per'nit Illt fic last dtca(et as well its t illo(lterte il rease i;lyield. 



18-1 Rural Inergyto'i t-t- Ih, .clIou Ntds
 

3. NV ."I )Ai.t',l ' ;lgii(Lil In-C is piic-iccd, o IIiiIcld' opp)I-('tutliyIhu 

existS tWN" a)l)ing iioiioiincmv i .Iii.Tl IeIcdfhi. l)tpi Ii a)l).Il101bICIiC'iI frii (IeIIcvIhopI ie.Il 10i tccIIIo]ngicI illt I I li IS. lini ex;iIII I)le,hY (o 11t l'iN M hnnii iCC i lciie.,ls<.s )t'( ltlSCI hey (Io t) Iro)o lIceIliolc Illl Ill,, tlhicillseih s(()lstlii ',tin? can thev Ilili e (Ile illod ,ei 

rlorduction chcillim, Les. 

(Xnvel Itionla dv(eloIcl Illt hId liidologv, stilltiliv hte.Ihls with thefirst an1d sencond categories. III cXisliliig plrjctis, j -inrit'\,isgivCi to)
c I )Ir; IgiIIg ; gII ItI str',, sIIi Il-!I ( ,,11 (l Io Isch~old ilI(It+,IIis I nIo(li stribtltilIg iI(ItistI to i i'iIl aIracls. Illipl-ovcol III(-[ I)n , IIliile lnd 
l'oirm: latil tIks iid cre'dits, prices, aiiiil laxws: ;ull igriciuiil coopelat ive-cs. Piivitai sutlors it<aw0 giv lgne vittnohes iii imle1aisilig prnod.

ti011 (t iiel (otim, illhli/c, livestock, anid Fisheries as well as iiixll jii g te(cIihngies suic'h itsiitlioll ;ga(l icop ;lit its ;id(piodliiciion

tools. 11(ilenl tillstit
iltes wouil gmei)\(lilit\ ll 'vllweigiht, illcliding
vu'ihll)hs such ;is (ol Ii.slulmlle, ui it s ahill stook (list iiliion,
anld \watl'-_'hou..scs.
 

'Ihet+ I tc'low
first ,;tcp d del opmenhl~tofI po\,clishid ,a-c' is tlo~t iIlil 
 idIeiltil'%' 
Ilose aicts tll olugh ;I ullcl ludlo g .:il)llictll , P )iitiliJ)It,, to ill It'gioils.
The dlistrict is tie lJ)Frj)liiitt. lo.l I.w t his j),llost, l)e.('lls, the illinilla
tin is iel:i ively,o( ilmle hut flit to()oi:ggrcitdlt. liFe.'ts arc ih+eltificl
 
accoriolig to (Ihth(ill
ohlloL itilithutionl atiol ofllfilt tate ol, retlul, si/e oflaniidlholgling , OCCUi( t mtlli, l),lllhut ill i/, ,(ological cndhil ( ll, soil,

lllltt hlI1(l t'I)ofWAli. hliCFll hlllllt (AI0o oitli loi.
adl 

['silg thh10se clteria,
21 i districts ;hinl 30 subldist licIs if37 pro%il'esco mpr~ising. apl-l) ;f 

ha ve been ioheii il'icllyh 7_5 millioti iur~il Jiihalbitins.T'he reg'ionail
 
(list ril)tioill of'niiIllpverisliel lneas is shown if) lable i I. 
 lhe sliilleg tO!(levelopmlint is Iil d I these' ilillIvtlltid p)Ioglilllis ipihlllt. mi specific
ilris: basic lit lt i ficilit iCS hIil SCItiviteS. 1-1itil JOl) 'l'tl ilii, 'illhiq -ICV ,I
f(o( ailliol li;1l ri ) hi;tiil ies desig iied-1 lo ilileiCase villlge ploli llt v.il,
lind
(leveloplelit leseilli'h ill plobleni aleas Inrc l ltloeo l)iioul(t io ll staoles. A basic i lisl;ii, ilpi' lilli sp oit'is ,liielltillg c [will ioliil
 
llilosnplphy, ilil'i'Isiig l)t
an lltln loh)+.ii(ll 'l)isimoi'l lie iliili ttii'ildeve'l)lili t,(lilllop pi fiillilig iili~itIc bY\co'll fill(-t council'ils. 

Energy and the Development ofthe Impoverished Rural Areas. lwo
idlentifiable activities in IlI( tvthiieiIt jpLIIi (oncell'lne : village
woodlts ailild p)lill I"gof flst-giowilig liees oil pillic ilnd, llid hiltlil)obanks. TIe bioilliass is ltogtli i 
hisa1d esselit ihil I'VS)iCC 11- (flliest iC use, espcilly Ol cooinking. Aiiil power is i(oglli/,d iasessential fiwagriculltralpioltcl iolo. So ilitlodilhig the coicepl oo11ttalo baiiks isiil))ropriiate, but soil airiatiolis alil pl))iaainllif icffictiesas well as 

http:loh)+.ii
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TABLE 11.
 
Impoverished Areas, by Region
 

Region Province District Sub-district
 

North 16 65 7
 

Northeast 16 129 18
 

South 5 22 5
 

Total 37 216 30
 

particular"labor I(jtiiih. IniI SIlouIld be hI'esi igated. lIt rodt'iiez 1i0f 
I)iogas in these arteas nod follow-t )st tI" lso IIIiglIt hellCI)iCIate 
souIt, oft he si'i:ll Ip-oI)letS 01 tr IrcIs exlerieI I.ccd'eSiStWltI xltvc 

iI the )ast Iw.I liog;Is .;IsIIt rolII. 
I,,It'l de\-tlopetlielt is l comtplx plIcss im oIvinIg hbt i CXpllciwt, 

Ineast'albh,Fphysical (-,mlpoII(tItIs and Impldicit comtponns, such as Social 

instlit ions. l lc)lf .il( c ti );nlpils and their rt'lciioinshil's could he 
qtxIstiliId as Ih.'rt sttw) ,nIititl rslanding the dh.'loeupIlI<Il pro:ess. D.1ta 
is et(hliir(-(l () e(commlmi Il hliwCei iden(lil'iabIle ,;ctos as wellt OmlsatilS 

as on the 10i.11 anld suet. utnlit'\ ;aal It; Inodhe de\'ices. Iltert elatioiships 
ietw'eeii II)st Sectors . b. ith'ltilie1(1 in the tre%oihl d CNxhWSSei 

',ahiie e.t lloi>tic I tmilslt loils, colist rained In theand si/e oftl h iittetrii 1 

Iphlicit ,+r,( l All aICCIaIhbIC Iuevhti)(hul0t is diSCiI5SCdSSutOn. 


in Stilpo Chlg(rhiratl'ttanlito (1982). 

RURAL ENERGY: SOURCES AND CONSUMPTION 

()ne im)ortant ntiral eirgx sllr\'e\' wS colnductcd h\' Ilie IRegtllltory 

)ivision o1"NF.,\ it1980. A sct'cl sir\e\,c( tltcted as iart oiit lie 
lprog nt, I lie reiewhdhle ionclitvenltiolml eniergy project, Su)por'ted 
by USA 11), has heen sitinarized l)y.joh Arnold (1982). A thirl siir\ey 
with Iliodest area cowerage has been ititiel w theI InIhaMli lusthulttue 

lot ;eet-tif ;rll lechlgicah Research (IISIFR). ()nlv lie results from 

the N:\ riuial e!irgy stiiev will be desctil)ed here l)cilse iledtails ol'he 
0tiher two sIurvevs were t()['vaill)le. 

The 1980 NEA Rural Energy Survey 

lhe NEA rural energy sturv\e was eouttloitted primtarily to establish 
baselitte energy (lata and to determite energy prograin priorities. A pilot 

Stulvey to lest tle qulestiontaire atdh Itiaililiarize )etsonnel to the field 
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TABLE 12.
 
Distribution of Households 
in the Survey
 

Region 
 Provinces 
 Villages 
 Households
 

North 
 6 
 70 
 700
 

Northeast 
 7 
 85 
 850
 

C~ntral 1 
 3 
 15 
 150
 

Central 2 
 4 
 15 
 150
 

South 
 4 
 15 
 150
 

Total 
 24 
 200 
 2,000
 

toll(litiotls \as C)n0l tered injutte 1979. Ainotl ie stnirxexv a revisedusing 
(IIlestionnaire an(I lp I'ovedImet h(dhologyvWs s trted iiA pril 1980 bttlthen ahandonefL A final national sirvev was condutecd inAt iguist 1980. 
Iitlie Ihird, miote refined version, resl)ioclteis' ;iis%,wets could be calego
rized and recorded (on lpr(:enade forniis for direct coding onto comlter
card. Tis third sturveN version is referred tO)as tie 198() N.A rrial
 
energy strvev, anudItli 
 NE\A publicizes inforimaition From only, this third 
version ollie surve.. A tl)ort oil houtseiold eICeigv Co(tItlltlll)tioll coil
piilel froi data from Ithe survey wats published in N'chi 1982. inthe

Tlai ltutilutage. I lowevci sonti in foimation alireaty obtained l'foin the
 
qluestiotnnaire is vet,utIunpublished. This strivy will he conducted everythree yxars as mirt ofhoerall leIrgy plinnig aild tilonitoritig, prilliatilv 
as a hothseliold stinry. 

A stratifed samnpling jirocetlutre was devised by the National Statistical
Offices (NS()) Ior [tItree levels. I.irst,provinces thlt satisfy' NSO 
s(.ioecolioni classificat io criteria Illeac'h geogi alical region were 
selected based on pro lability proportionial to population size. " lil

village samplpes were taketi sy.temtically nsinig the size of ''illages as
criterion. At tle third, ar household level, random sampF,ling was done
10 houseiolds From eich village. "hlible 12 shows tile resulting (listribttion
and Figure 2 illhst r'ates geographical coiverage.

T. ititerviewers ;ind two sullervisors were aissigned to tile Northern
Regioniand to the Northeastern Region. live interviewers atd otie
supervisor were assigited to each ofthlie ot her regions. AItoget her 35
iltlerviewers alill SevenI st per-visors were tised. Each interviewer was 
provided with a tape lill-itcid a1balance. 
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Figurt,2. Gteogl'a/Thica/l Covera?(ge., 1980 YEA R~urall'nergv Sur-Iv 
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Paddy Husk. The outer covering of rice grain, obtained when the rice 
is milled. 

Paddy Straw. 'he trunk and stem of'rice paddy. During harvest, the 
root and ab)out 15 centimeters of stem are Ici oi it he field to be burned 
some line later. The part of'stems hiarvested with paddy is piled on the 
household ground. Some paddy straw is used to f ed cattle. 

Coconut Branch. Iis includes the fiber from the c(co>nutt husk and
 
the husk itself' after the flesh is removed, as well as the branches, fresh
 
or dtried.
 

In Thtailand, very, little use is made of ot her agricult ural residues, even
 
COrn0-
c1b or jute stein. Cattle (lung is tisually left untouched. Occasionally 
dung from where cat tIle arc tied LII) overnight is colle(ted for compost. 
Substantial agricult ural residue is bIrned away. 

The coiniercial fuels in use includle gasoline (ustally tile standard 
grade wit h oct,,nc rating 85), high-speed diesel, kerosene, an(I l.l; 
Kerossene is used mainly ft'O lighting, and 1,11(; fir cooking. Commercial 
fuel cost varies according to distance f'rom Bangkok and tie accessibility 
of he location. Up to lAO.2 per liter is added fi provinces several hun
dred kilometers from Bangkok. Charcoal is, commercial fuel in estab
lislied cotitmuniities, including Bangkok. e rice diferential f' 
cliarcoal is great: it is chelaper ini rural areas. Calcium carbide, which 
produces acets ine gas whent reacting withIi watei, is used in rural cominmu
nities mfinly fbr lighting. l)ry cells ate ised in radios and electric torches. 

Figure 3 shows the pattern oft raisftination of energy resources to 
rural end uses on a nati onal basis r 1980. The regional breakdown ,f' 
ruLiral ihOlsehiokl energy uses Iy source is shown in Tables 13 to 18. 
I'uhilished infirmation is limited to domestic use and household industry 
as well as several tibles on energy use in agriclt ure. Information on 
energy use ill translortation has not been published, so statistics for 
that use wete obta ined f'rom a part of'the lpilot survey on personnel 
transportatioll. 

The most st riking overall feat u re is that energy consumption For 
domestic purposes -67 percent - is nearly t lie saine for every region, 
and that the significant differences of energy use are fbOund ill agricul-
Iutre. Hleat, generated almost totally fioin biomass sotirces, is used mainly 
for cooking except in the North east and North Regions where household 
heating is significaiint. Mechanical work, used almost exclhsively fo 
agrictilt Itre, is generated fioi petroleum fuelsand obtained f'roiii 
huIaluand animial Ilabor. 
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TABLE 13.
 
Rural Household Energy Consumption, NATIONAL, 1980. 


USE
 

Cooking 


Lighting 


Ironing 


Industry 


Heating 


Fumigation 


Appliances 


Pump 


Subtotal 


Percentage 


Fuel-


wood 


1,769 


-

-

158 


463 


280 


-

-

2,670 


44.5 


Char-


coal 


2,425 


-

51 


13 


-


-


-

-

2,489 


41.4 


Paddy Paddy 
husk straw 

32 -

- -

-

22 .. 

- 14 

12 13 

- -

- -

305 67 

5.1 1.1 

(?J/capita)
 

Coco- LPC 


nut 


branch 


15 


-


9 


13 


-

- -

22 15 


0.4 0.3 


SOURCE
 
Kero-


sene 


2 


340 


-

-

.342 


5.7 


Gaso-


line 


-


-


-

7 


7 


0.1 


Die-


sel 


-

13 


-

10 


23 


0.4 


Elec-


tri-


city 


7 


21 


5 


-

-

-

19 


4 


56 


0.9 


Dry-


cell 


-

-


-


-


-


-


-


-

-


-

Calc. 


Car-


bide 


-


9 


-

-

-

-

-

-

9 


0.2 


Sub- Per

total cent

age
 

4,250 70.8
 

383 6.4
 

55 0.9
 

432 7.2
 

486 8.1
 

357 6.0
 

19 0.3
 

21 0.3
 

6,004 	 100.0 

100 



TABLE 14. 
Rural Household Energy Consumption, NORTHERN REGION, 1980. (MJ/capita) 

USE 

Fuel-
wood 

Char-

coal 
Paddy 
husk 

Paddy 

straw 
Coco-

nut 

branch 

LPG 
SOURCE 

Kero-
sene 

Gaso-

line 
Die-
sel 

Elec-
tri-

city 

Dry-

cell 
Calc. 

Car-

bide 

Sub-

total 
Per

cent

age 

Cooking 

Lighting 

1,326 

-

3,049 

-

- 4 

-

-

201 

-

-

-

11 

5 

28 

-

-

-

12 

4,384 

251 

75.4 

4.3 

Ironing 

Industry 

Heating 

-

49 

340 

37 

29 

- - 21 13 

- -

.-

- 5 

-

-

-

-

-

-

-

43 

220 

374 

0.7 

3.8 

6.4 

Fumigation 399 - - 99 17 - - - 515 8.9 

Appliances 

Pump 

Subtotal 

Percentage 

-

-

2,109 

36.3 

-

-

3,115 

53.6 

-

-

144 

2.5 

-

-

120 

2.1 

-

-

30 

0.5 

-

4 

0.1 

-

201 

3.5 

3 

3 

0.0 

1 

12 

0.2 

23 

1 

63 

1.1 

-

-

-

-

-

-

12 

0.2 

23 

5 

5,811 

100 

0.4 

0.1 

100.0 

-



TABLE 15. 
Rural Household Energy Consumption, NORTHEASTERN REGION, 1980. (Mi/capita) 

USE 

Fuel-
wood 

Char-
coal 

Paddy 
husk 

Paddy 
straw 

Coco-
nut 
branch 

LPG 
SOURCE 
Kero-
sene 

Gaso-
line 

Die-
sel 

Elec-
tri-
city 

Dry-
cell 

Calc. 
Car-
bide 

Sub-
total 

Per
cent
age 

Cooking 

Lighting 

Ironing 

Industry 

Heating 

Fumigation 

Appliances 

Pump 

Subtotal 

Percentage 

2,485 

-

-

179 

853 

346 

-

-

3,862 

59.7 

1,647 

--

22 

16 

-

-

-

-

1,685 

26.0 

. 

12 

26 

-

-

415 

6.4 

-

. 

14 

11 

-

-

23 

0.4 

-

-

. 

. 

9 

-

-

23 

0.4 

i 

. 

.-

.-

-

1 

0.0 

421 

-

.. 

-

422 

6.5 

-

-

-

I 

1 

0.0 

-

12 

-

-

12 

0.2 

1 

9 

1 

4 

-

16 

0.2 

-

-

-

-

-

-

0.0 

-

10 

-

-

-

-

-

10 

0.2 

4,135 

452 

23 

583 

879 

393 

4 

1 

6,47 

100 

63.9 

7.0 

0.4 

9.0 

13.6 

6.1 

0.0 

0.0 

100.0 

-



TABLE 16. 
Rural Household Energy Consumption, CENTRAL I REGION, 1980. (NJ/capita) 

SOURCE 

USE 

Fuel-
wood 

Char-
coal 

PPaddy 
husk 

addy 
straw 

Coco-
nut 

branch 

LPG Kero-
sene 

Gaso-
line 

Die-
sel 

Elec-
tri-

city 

Dry-
cell 

Calc. 
Car-

bide 

Sub-
total 

Per
cent

age 

Cooking 

Lighting 

Ironing 

Industry 

1,766 

-

-

148 

2,822 

-

64 

4 

273 

-

-

-

-

23 

-

32 

149 

-

-

-

-

-

61 

-

22 

39 

7 

-

-

-

-

15 

-

4,938 

264 

72 

76.0 

'.: 

.1 

Heating 

Fumigation 

Appliancr 

Pump 

Subtotal 

Percentage 

86 

301 

-

-

2,307 

35.5 

-

-

-

-

2,890 

44.5 

-

8 

-

494 

7.6 

70 

198 

-

268 

4.1 

1 

5 

-

-

6 

0.1 

-

23 

0.4 

. 

-

-

181 

0.3 

. 

-

1 

1 

0.0 

.. 

-

110 

171 

2.6 

-

44 

29 

140 

2.2 

. 

-

-

-

-

0.0 

-

-

15 

0.2 

157 

511 

44 

139 

6,495 

100 

2.4 

7.9 

0.7 

2.1 

10O0. 

-



TABLE 17. 
Rural Household Energy Consumption, CENTRAL 2 REGION, 1980. (MJ/capita) 

USE 

Fuel-
wood 

Char-

coal 
Paddy 
husk 

Paddy 

straw 
Coco-

nut 
branch 

LPG 

SOURCE 

Kero-

sene 
Gaso-
line 

Die-
sel 

Elec-
tri-
city 

Dry-
cell 

Calc. 
Car-
bide 

Sub-
total 

Per
cent
age 

Cookiog 

Lighting 

Ironing 

Industry 

Heating 

946 

-

-

21 

132 

3,262 

-

113 

98 

-

-

-

-

-

42 

-

-

-

-

341 

-

-

-

-

-

13 

-

21 

38 

13 

-

-

-

-

-

-

-

-

3 

-

-

-

4,369 

395 

126 

184 

132 

79.3 

7.2 

2.1 

3.3 

2.4 

Fumigation 

Appliances 

108 

-

-

-

1 

-

91 

-

-

47 

-

-

-

-

200 

47 

3.6 

0.9 

Pump 

Subtotal 

Percentage 

-

1,206 

21.9 

-

3,375 

61.2 

-

263 

4.8 

-

91 

1.6 

-

0.0 

42 

0.8 

341 

6.2 

33 

33 

0.6 

16 

28 

0.5 

9 

128 

2.3 

-

-

0.0 

-

3 

0.1 

59 

5,510 

100 

1.1 

100.0 

-



-- 

TABLE 18.
 
Household Energy Conbumption, SOUTHERN REGION, 1980. 
 (J/capita)
 

Fuel- Char- Paddy Paddy Coco-
 LPG 

wood coal 
 husk straw nut 


USE 
 branch 


Cooking 1,291 2,635 
 - 44 

Lighting  -
 - -

T
 
roning  79 - -

Induscry 432 


Heating 31 


Fumigation 79 
 - - 34 -

Appliances - . .
 -

Pump 
 - - -

Subtotal 1,832 
 2,713 201 
 - 34 44 

Percentage 34.7 51.3 3.8 0.0 0.6 0.8 


S 	SOURCE
 
Kero- Gaso-

sene line 


-
 -

399 

- -


-2.1
 

-

- 2 

399 2 

7.6 0.0 


Die-


sel 


-

4 


-


-

4 

0.1 


Elec-


tri-


city 


6 


20 


3 


15 


6 

49 


0.9 


Dry-

cell 


-

-


-


-

-

-

0.0 


Calc. 

Car-


bide 


-

7 


-


-


-

7 

0.1 


Sub- Per
total cent

age
 

3,975 75.2
 

430 8.1
 

81 1.5
 

633 12.0
 

32 0.6
 

15 0.3
 

8 0.1
 

5,286 	 100.0 

100 
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L ea ii a lr/orage'Plan ling, part aa lO-la a'rea, Kanchana/mhri,Thai/and. IVood 

u~sd(/f pl-eY. (R. I lnIehn &N 

F1t clwool dlilIc chdl co ogeIlClt lCCo(tlll! orai)IotIt 85 percent of the 
rural household energy supply. Paddy husk, paddy st raw, aod othcr 
agricIIIt IInII wastes uscd ir IleIl l)rol lio I contri)tte osN 7 pcrcent 
of the energy sup)Iv. ,lhie Inagiiticle -1rral hotiselhold energy use hi)r 
cooking leads to only t wo) iossible types of' solutions: iltlIcltuel SllbSlilt tioll 

lnd col()nsc'V-at l(ll )' ilore e'fici ien lusa)ge. 
(omparison o[ nual househodh energy use ib region shows i) imiajor 

dif Clence in he (ollpositI I oilhc vIINgy resolIlces. Specific regional 
\aliattoiots amog !resolurces all (11d uss discussed ill the following 
secct iolns. 

Fuelwood and Charcoal. FIuclwod l ( c l;atoitt rc uscd to1pr(duhce 
low-grade heat used for cooking in housel lds or raising Icllperalutres 
of mverials in household and 1rual ih(I1ItryN. .AsuInne convenicnt fuels 
become available, such as .1I( ; in urhuu avu, s, people use. ItlwI signifi
cantly more. Evtt so. tel,'wod 111(1(f.hal-co(ld(ellulld clmlot be expected 

to reduce swiftly. 
Ftlelwo,(I is availlIe fio,, two sources, nat omal, forests and )ri'ate o1 

existing village woodlots. Scant inlom, ion is auavilalle onl the amoluit of 
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Table 19.
 
Household Fuelwood Sources
 

Sources of Fuelwood North North- Cent- Cent- South 
National
 
east ral I ral 2
 

Percentage of Households
 

Free Sources
 

Within own compound 64.9 35.7 85.2 5.2
31.2 35.4
 

Other's compound 3.9 21.4 2.3 0.9 
 2.4 14.4
 

Nearby forest
 
(less than 5 km) 21.2 26.9 6.9 61.0 
 44.1 31.7
 

Distant forest 5.8 14.6 3.9 
 0.7 45.8 16.3
 

Sub total 95.6 98.6 98.4 
 96.6 97.5 97.9
 

Commercial Sources
 

Within the village 0.8 1.5
0.2 1.7 - 0.4 

Out of the village 0.2 0.2 0.2 2.7 0.4
 

At own premise, from 3.3 1.0 1.0 2.5 1.4
 
salesperson
 

Sub total 4.4 1.4 1.7 2.5
5.5 2.1
 

1Fee u11'ijss III ecl SOIl Ic,, 1)11 the 1980 NEA survey ('lable 19) shows 'ery 
wide variation aiiolig soi)uces of'fileWood in di firent regions. 

lhe extent 'ifih )c of charcoal for hoisehold use by house-InodhIclioil 
holds )ro(llcillg iheir owI charcoal is shown in Table 20. The availability 
of chai coal is dirctly rclted to the availahbilitv of F'uclwood, but signifi
cantl" ilorc chllucoal is oblainedl t lIIouigh Co1linCiciaI sOurces. The yield 
of chircoill 1101 i lhivood Iy v%eighiv'aries ioni ap)iioxiiatly I to 5 
to Ito -4. 

Household Energy Demand 

Cooking. Cooking accois floi 50 percIlit of total rural energy ise 
and 75 percent of household use; charcoal and luelwood contribulte 57 
and 42 percent heail respectively. The coll])osit ion of'charcoal and 
fuielwood tised f'or cooking varies alolllg regions, but the lotal aillotllt of' 
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heat gencrated remiairis fairl' coinistmlt, with a low 0f13,975 MJ per capita 

per year fort the South Region to a Ihigh of'.,938 M.1 per capitit per year 
for the Cent ral Region. 

'li bles 2 1 aiid 22 give percentages of lot isehhlds using each type of 
Fuel antid each kind ofcooking stove. Some hl tISeholds rise more than one 
type of fuel. For exam ple, fulelwood usage overlap s wit 1 charcoll in tIhe 
Northeast Region. Elect ricity is used ;.lmost excltsively for cooking rice 
and )erliaps for boiling water. ,I'lIis illifmati lrforts a basis far' 
estimated fuel use probabilities. 

Multiple use of'ditterent types oft'stove isless coulimon t liti oftdifferent 
fuels. The charcoal bucket stove is used mo.st. A liilv fuel-efficient sI ove, 
its heat efl'iciencv has been tested at uI ) to 3() percent, with al aver;age of 
22 percent. The wood bucket stove, a todifiedl charcoal bucket stove, has 
a recorded heat efficieric ' of 15 percet. Individual and regional differ
ences make fuel efficiency difficult to establish during act ual cooking. 
Standards fit "cooking effect," or average heat r'eqtir'ement fi cooking 
by locality arnd fut' each tyvpe of stove, would be v'aluable. iHlowever; fi' 
the purpoSe of estimating t lie total fuel reqtuiremenit, lie av'erage fuel 
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TABLE 20.
 
Household Fuelwood Sources for Production of Charcoal
 

Sources of Fuelwood 
 Cent- Cent
for Charcoal North 
 Northeast ral I ral 2 South 
 National
 

Percentage of Households
 

Free Sources
 

Within own compound 43.9 61.2 32.3 47.7 
 48.9 50.0
 

Other's compound 2.2 4.8 1.4 5.1 9.9 
 4.8
 

Nearby forest
 
(less than 5 km) 6.6 9.6 7.3 7.6 
 14.9 9.1
 

Distant forest 
 9.0 3.2 3.9 8.0 6.8 
 6.4
 

Sub total 61.7 78.8 45.0 68.4 
 80.5 70.3
 

Commercial Sources
 

Within the village 6.3 4.8 7.8 7.6 
 8.2 6.5
 

Out of the village 6.6 
 5.7 20.9 6.2 5.9 
 7.0
 

At own premise, from
 

salesperson 25.4 
 10.7 26.4 17.7 5.5 la.2
 

Sub total 38.3 21.2 55.0 
 31.6 19.5 29.8
 

rCquiremCnt for ch tyN'pe of slove may be tised. Exl)Crhfle s on and 
ol)servations of Inel requirements have been attempted in an USA I')
study, simulilat ing normal cooking sit tations wvit icharcoal bucket aId 
wood bucket stoves ( Arnold 1982). Tiable 23 sillnuarizcs some oft he 
study's results. A weight-averaged figure for each region times :365 gives
the annual requiremcn t per capita, as shown in Tlable 2.1. i'he statistics 
in "lablc 24 imply the arnotnit of coistnl1 )t ion oftone type, if it completely 
substitutes tor the other. 

The fuel requirement data obtained by the USA 11) prograin (and
showni il TFable 23) may not be aicceptable standard data for Thailand, 
nor are the data obtained by' NEA, but they are in good agreement. The 
specific nsefulness of the data in iable 24t istheir nse as substitution
factors. For example, the total requirement for charcoal fir cooking, if it 
is used instead of fnelwood in the Northern Region (see "lablc 14) would 



TABLE 21.
 
Household Cooking Fuels
 

Region Fuelwood Charcoal Paddy 
 LPG Kerosene Electricity
 
Husk
 

Percentage of Households
 

North 36.8 66.1 - 0.6 - 4.1
 

Northeast 75.2 62.9 - 0.1 0.1 
 1.3
 

Central 1 45.2 74.7 4.8
2.7 2.1 14.4
 

Central 2 28.9 78.5 2.0 3.4 
 - 10.7
 

South 39.3 71.9 - 3.7 5.2
 

Average 51.7 68.0 0.5 0.2
1.5 4.8
 

TABLE 22.
 
Household Cooking Stoves
 

Region Wood Cha..oal Riuck Gas Kerosene Electric Three
 
Bucket Bucket Stove 
 Rocks
 

Percentage of Households
 

North 38.9 60.8 
 - 0.3 - 1.0 2.0 

Northeast 33.3 61.9 0.1
- 0.1 0.3 24.8 

Central 1 28.1 70.6 3.4 
 4.1 2.1 2.1 2.7
 

Central 2 21.5 77.2 
 3.4 4.0 - 2.0 3.4
 

South 32.6 70.4 - 3.0 -  5.2
 

Average 32.6 b5.6 
 0.7 1.4 0.3 0.8 11.7
 

he 106.74 + (81.03) (153/ 165) = 160 kg, hased oil the cotisilInpt ioll data 
of N EA and lie sulbst itt ion fI'ctor lroiii lie USA 11) program. Using tlie 
lat ter figilure, the requirementI in tlie same region is given in "alble 241 as 
153 kg. Ifthis type of caitilat ion is cartied out f'ori" all the ot her regions, 
itwill be seen that the data on Fuel reqthtirelient fr cookiig obtained 
by NEA agree quite well wit IIthose obtained by tlie U'SAIl) program, 
although the NEA figures are generally slightlyI higher. 

Anot her subst it ute fuel br 'cookilgmay be I.PG. This is a commercia l 
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TABLE 23.
 
Fuel Requirements 
in Normal Cooking, Charcoal Bucket
 
and Wood Bucket Stoves
 

Province Region Median Fuel Requirement 

Per Capitum* Per Capita 

Wood Charcoal Wood Charcoal 
kg/day 

Kampangphet North .62 .35 .54 .31 

Chiang Mai North .49 .62 .43 .55 

Lampang North .48 .32 .42 .28 

Udorn Thani Northeast .73 .36 .64 .32 

Roi Et Northeast .76 .18 .66 .66 

Srisaket Northeast .65 .29 .57 .66 

Korat Northeast .55 .32 .48 .28 

Chantaburi Central 1 
East .62 .32 .54 .28 

Petchaburi Central 2 
West .50 .32 .44 .28 

Songkla South .49 .15 .43 .13 

Average .70 .34 
 .61 .30
 

* Capitum refers to one adult equivalent: children under 12 
years old are
 
counted 
as one-half the adult equivalent.
 

item though,andu its use reqlires con.idlerable itivest.,tlint over the f'uel 
cost. No reportedl estimate of't lie riequirement of* I'P; fi("co)okilg or t6r 
o herI types of stloves and ftels sillilarI to tie st tdy 1USA I) has heell
 
available.
Paddyl husk has lcezt ttse(1
recetlityiv fr cooking ttostly with a1ttw stove 
type, a coilniercial I)lodlIct. I'his stove is vet' local iIl t'ttleraalld is 
uisnal yproduced and marketed in the vichnity of the uisers.However, the 
stove and paddy littsk ftl have liited cooki-.g a pplicat ion. Kerosene 
is not Collilon l, isled for cooking - itmay be Ise(d IInder very' special
circtui1'stances. Fhuelwood in the tItree-rock type of'stove seemiied to he 
used cO(nl:t1O1lV illthe Northeast Region. The stove costs nothing, it can
he set tip anyvwhcre,and the practice of'cook ing with tIlree-rock stove has 
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TABLE 24. 
Annual Fuel Requirements in Normal Cooking,
 
Wood and Charcoal Stoves
 

Region Wood Charcoal
 

kg/person
 

North 165 153
 

Northeast 209 96
 

Central 1 197 103
 

Central 2 159 103
 

South 156 48
 

Average 183 104
 

been handed down. But the use of the three-i )ck stove obviously is a 
major waste of energy resources. 

logether, tie data in lables 21 and 22 provide somfe basis for estimat
ing the probable use of each type of stove and the corresponding fuel. The 
in fornation requlired for such estimate is the relative frequency of use of 
each type of stove. An estimate of the cooking effect can be obtained by 
using the frequency inforination together with the infbrniation on the 
fuel use and the interfuel substitution factors. Infbirmation on fuel 
requirenient and the results in fuel shift due to interfuel substitution 
obtained this way is much more accurate than the estimate based only 
on fuel Use and the heat content of fuels. I-loweve; this type of approach 
requires microlevel data and field trials. 

Tlhe process of cooking food consumes more than 140,000 terajoules 
of'energy annually in the foirni of low-grade heat through burning of 
fuelwood and charcoal. 'I'his anmount is ahnost one-half of the total energy 

provided by the nonpetroletum sources and is approximately 20 percent 
of all energy consumed in the country. Price controls cannot slow the pace 
of'consuniIpt ion; fuel Scarcity only creates hardship. Without proper 
planning and appropriate action, this consumniption may rapidly deterio
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TABLE 25.
 
Use of Lighting Fueli
 

Region Kerosene Diesel Electricity Dry Cell Calcium 

Carbide 

Percentage of Households 

North 72.8 2.7 33.8 69.5 4.1 
Northeast 85.4 4.5 13.5 64.8 37.5 
Central 1 51.4 17.8 39.7 74.0 17.8 
Central 2 69.8 1.3 30.2 83.9 5.4 
South 83.0 0.7 18.5 67.4 14.8 

Average 
 77.4 
 4.0 
 23.4 
 69.7 
 19.9
 

Annual Use Per Person
 
Average 
 8.7 1 
 0.3 1 
 5.9 kWh 
 5.3 units 0.5 kg
 

rate the environment and create hard.'!i, f'-i the impoverished at the 
same time. 

Lighting. Lighting is considered one of the basic utilities. The stateprovides public lighting as a basic social service, and the state must assistin providing access to the means for private lighting. The energy requirement for lighting is relatively small. The unit of measure for lighting isthe lumen. An arbitrary set of standards for household lighting can beestablished utilizing illumination engineering together with a microlevelstudy and field measurcment. And a macrolevel survey (even by questionnaire) of the ntumber of lighting devices per household will furnishinformation on tile total lighting eflect. The NEA survey and their subsequent publication provide the in format ion showli in lables 25 and 26.Estimates ofeer-gy required for lighting are easier to make than thosefor cooking because with ccoking, the act ual heat required in cooking
and the device efficienl_ var' according to local practices.

Kerosene is the main f'uel used for lighting, particularly in villageswith no electricity. Tihe Ittail device used with kerosene is a simple lampmade from a tin call. Diesel oil is also used with tin can as a substitute forkerosene when the latter runs out. Usually households that use a dieselsubstitute for kerosene already possess a mechanical device using diesel.This is evident by the high percentage of households using diesel oil for 
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TABLE 26. 
Use of Lighting Devices
 

Kerosene Calcium Electric Fluore- Incande-

Region Lantern Tin Can Pressurized Carbide Torch scent scent
 

Percentage of Households
 

North 8.2 75.5 10,2 4.1 69.5 32.0 26.4
 

Northeast 6.3 89.9 12.2 37.5 64.8 13.2 5.7
 

Central 1 13.0 69.2 14.4 17.8 74.0 40.4 24.6 

Central 2 8.7 71.1 13.4 5.4 83.9 31.5 19.4
 

South 3.7 83.7 3.7 14.8 b7.4 18.5 8.1
 

Average 7.1 81.4 10.8 19.9 69.7 23.1 14.0
 

lighting ill the Central I Region (Table 25). The discussion regarding 
T,bles 13 to 18 clearly shows that the Central I Region consumes the most 
petroleum per capita, particularly in agriculture, and the predominant 
fiel type is diesel. The lantern and pressurized kerosene lamp are more 
expensive devices, with higher percentages of use exhibited by the 
Central 1 Region. 

Electric torch and gas lamps fueled by calcium carbide are used mostly 
outdoors. Gas lanps are used most often for fishing, catching animals, or 
collecting rubber latex at night. 

Ironing. Ironing is a minor activity for the rural inhabitants. Ironing 
devices either use electricity or charcoal. Table 27 shows the percentages 
of households using each type. Alh hough this activity is associated with 
social stat us :ind social values, new no-iron clot hing and h;llaging social 
values probablly will inean no substantial increase in ironing requirement 
in the near fit tire. 

Household Industry. Ilouselhold industry icludes charcoal making, 
food catering, household animal fted-prel)ariog, as well as weaving and 
dyeing (see Fahle 28). 

In most cases, tle use of electricity for household idust rv cannot 
be distinguished from its use for other household lpUrposes. This also 
pertains to lighting fuels. The type of fuel mix imdica;es that most fuel 
uses covered in lble 28 are for low-grade heat. hi this case, paddy husk 
use appears prominently both in frequency and quanitity. 
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TABLE 27.
 
Use of Ironing Devices
 

Region North North- Cent-
 Cent- South Average
 
east ral 1 
 ral 2
 

Fuel 
 Percentage of Households
 

Charcoal 
 11.3 10.3 19.9 26.9 28.9 16.3
 

Electric 12.0 
 4.3 19.9 22.2 
 8.2 10.4
 

TABLE 28.
 
Fuels Use for Household Industry
 

Region North North-
 Cent- Cent- South Average
 
east ral I ral 2
 

Fuel 
 Percentage of Households
 

Fuelwood 3.1 
 5.0 3.4 1.3 2.2 
 3.5
 

Charcoal 1.7 0.6 
 1.4 
 - - 0.7 

Paddy Husk 
 7.2 17.4 12.1 6.7 18.5 13.1
 

Heating. The need fir heating exists in North and Northeast Regions
and in the mountain areas in the West Region. The temperature in many 
areas could fall below 10C, although usually for short periods. This, 
toget icr with the inade q uate shelter provided by thatched houses 
or leaf-walled houses makes heating necessary (see Iable 29). 

Fumigation. Futigatiou serves two pturposes, getting rid of insects 
from the household area and cleaning of the ground within the house
hol vicinity. lielwood 'v1)i flling twigs is swept together with leaves 
into a clea:ing and lit to create smoke. The extent of'the practice of' 
ftumigation is indicated bv the inbrmation in "lable 30. 

Appliances. Use of'eleclt rical apliances not only indicates the extent of 
rural electrification but also tlie level of' a f1tence of the household and 
the level of'commercial in fluence. 'Iable 31 provides information on the 
types ot'appliances commonly used and t lie percentage of' households 
possessing them. Radio has become an essential household device. Most
households wit hout electricity have a dry-cell powered radio. Most radios 
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TABLE 29. 
Fuels Used for Heating
 

Region North 	 North- Cent- Cent- South Average
 
east ral I ral 2
 

Fucl 	 Percentage of Households
 

Fuelwood 32. 81.0 13.7 16.1 4.4 44.0
 

Paddy Straw 1.7 0.9 4.8 - - 1.1
 

Coconut 2.7 24 2.1 1.3 0.7 2.0
 
branch
 

TABLE 30.
 
Fuels Used for Fumigation
 

Region North 	 North- Cent- Cent- South Average
 
east ral I ral 2
 

Fuel 	 Percentage of Households
 

Fuelwood 8.6 22.6 4.8 2.7 2.2 12.1
 

Paddy Husk 0.1 1.9 1.4 0.7 - 1.0 

Paddy Straw 3.5 1.8 4.8 4.7 - 2.6 

Coconut 0.9 1.2 0.7 - 2.2 1.1 
branch 

are portable semiconductor type. Broadcasts are often heard in tile 
agricultural field. 

Since East Asia has eierged as one of the main electronic centers and 
an electrical appliance industry has been established in Thailand, prices 
of these apl)liances have gone down. All itens in Table 31 are locally 
protuced and are available in district centers or even community centers. 
Radios and televisions are common - televisions may be almost as 
coinnmon is motorcycles. 

Pumps. Water for household consuml)tion is usually either carried 
by small carts pushed by human labom; or hand carried. Only wealthier 
households use pumps to lift water. Often l)puIm)s are those already used 
in agriculture for irrigation. However; electrical pumps are used exclu
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TABLE 31.
 
Use of Electrical Appliances
 

Radio TV 	 Refrig- Fan Rice Pan
 
erator 
 Cooker
 

Electric Dry Cell
 

Region 	 Percentage of Fouseholds
 

North 6.2 	 80.8 
 8.6 3.3 15.0 4.0 1.3
 

Northeast 1.7 	 78.3 2.2 1.1 3.8 
 1.2 0.4
 

Central 1 9.6 	 82.9 21.9 7.5 21.9 14.4 1.4
 

Central 2 6.0 	 88.6 
 15.4 8.1 20.8 10.7 1.3
 

South 4.4 	 70.4 8.9 3.0 7.4 
 4.4 0.7
 

Average 4.3 79.6 
 8.0 3.3 10.7 4.6 0.9
 

TABLE 32.
 
Usage of Pumps
 

Region North 
 North- Cent- Cent- South Average 
east ral I ral 2 

Fuel 	 Percentage of Households
 

Dieoel 0.3 0.1 4.1 2.0 - 0.7
 

Gasoline 1.0 0.5 7.4
0.7 0.7 1.7
 

Electricity 2.1 0.1 
 6.9 6.0 4.4 2.5
 

sivcly for household purl)oses. ilable :12 shows tie percentage oft he 
households possessing each type of pimIp. 

Income Level and Household Energy Consumption 

The NEA rtral energy survey report classifies all noupetroleum 
fuels, except electricity as nocommler cial energy sources. "able 33 is 
constructed from thai survey report. 

Usually data suich is those ill lable 33 show a monotonic increase 
of commercial energy consumltion wit h increased income. A similar 
relationship would he expected for the noncommercial energy constimp
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TABLE 33.
 
Household Consumption of Energy Per Capita, by Income Group and Region
 

Income Group Region Average
 
('000 4)
 

North- Cent- Cent-

North eas! ral I ral 2 South
 

Commercial
 

0 - 24 293 343 410 348 285 306
 
25 - 48 281 1,620 569 682 540 816
 
49 - 72 381 473 440 1,403 1,993 858
 
73 -120 465 327 791 678 867 666
 
Over 120 657 339 816 1,089 75 766
 

Noncommercial
 

0 - 24 5,267 5,908 6,850 5,460 4,878 5,619
 
25 - 48 6,176 6,628 6,155 5,401 3,923 5,761
 
49 - 72 5,711 5,167 5,623 2,274 5,410 4,832
 
73 -120 5,535 5,824 4,769 2,688 6,335 4,681
 
Over 120 5,841 8,667 4,618 4,589 4,170 5,615
 

Total
 

0 - 24 5,560 6,251 7,260 5,808 5,163 5,925
 
25 - 48 6,457 8,248 6,724 6,083 4,462 6,577
 
49 - 72 6,092 5,640 6,063 3,677 7,403 5,690
 
73 -120 6,000 6,15) 5,560 3,366 7,202 5,347
 

Over 120 6,498 9,006 5,434 5,678 4,245 6,381
 

Source: National Energy Administration, 1980
 

tion and totaIl energy constIIllption wi h iIireased incolie. However; the 
data in Table 33 do not ex lihit the exl)ected relationslip. The foremost 
aind l)robably ilios i significant icason isthe stratification of inconie levels. 
Table 33 shows that .l)(olt () )Ireilli"'iiral households belong to the 
lowest income class (BI(-2-.)I0). StratifIication with In1ore evell distribu
tioli oftlihe iiiiliiler of louseholds inleach class illight produce aln entirely 
diflerent result. In lite present sttat ificatlion, too few households are 
included inisecond and higher lcvels to he adequatel 'rel)reseilted.The 
iliost positive relationship envisage(d, ietween Income anld conlmercial 
elergy consuiplion,call he conifirliied by tlie data ini'lble 33 it house
holds above the first level are groiiped togethtier. lhen connercial energy 
consuniptloll increases asincolie increases. 

Most ener-gly-ColsLi minlg activities ili rural households are t raditional 
activities requiring traditional fuels. InsoliC uses and soli e regions, 
howevei; coinlllercial fiels have replaced some of the tradit ional fuels. 
The fuel miix and fuel use pattern are afTcted by a number ofeterinii
nants,but where cornmmercial fiels are used, Inllonetai incolie may be 
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I leIIlost sig Iiftialt ItIrtIIIaIIt. For aexai)le, aitoIg householdswith 
ac'ess to .ect ri'IN\ it woh IIor'tliative to '.c IIhe cm IpositiohI ofI Itll Ie 

cooking fuels trattfieh(l a(ccotrdig IC) iico IIIc d lss. I,e . 
 If)cusohjItIcrest
will b,: lie patterns .l'(and as ( 0.ilg tiel, illl nI etet ricit 

COl'iniltiIIg wi II chardcoal. Kl Iov'ledge aI)otII 
 pallt, tIs of elcctricity use 
(C), )eting %Nwit I dlti,(col hItI ,'oliiiIand(I keroseli 6for light Ig %wtold 
aIlso
be (iitenl'etst. lor stil)l)lyand price piolm pliIantltIIiIlg • with rIespc't to 
CoIllIIerci:;l fucls, hle next p iaseof rural +itlrgy stuIies ,nulst explicitly
eXamiIOt these stlisl it lt io()I)ret'lls anld t heir (hletrillil:jIs. 

Energy Use inAgricutture 

[liel Ilse of pet i,Iolll Iucl ltr agticult utral tila(hi tes is signif'icalt 
(Fig. 3)1hough til' wtl \olume tnsillned is small.As a nationial avetrage, 
tle coot til)tltioin of pItroletfitl lfls to tmtechanical work illagriculture
 
is ntearly 50 lircentt. This valies to as high as 87 percetnt it}
Central I
 
Regioni anl islow as 1i p)ecent ill
tflc Sout herilRegiou. Tlie Cncltral I 
Region, as it(ficate(f earlier, lhas ftel highest l)t capita vallie ad(l(de ill
 
a9-Igricttilc I~lefiv is tilse ll ia CtlRt tilre IllI his region at aotbu fiur
 
tillcs theiltational ;\ctage. Compositiotl ok iglictIltlIre itl tle Southetirn
 

Region is otisid(frablv (lifftti-ti frol oth etr ,islts.
 
Except f" tie.Sout h,\-ti loi(n itlllotlg regions ii llta aIl atimial 

laibot ittlutts to ailtttte is siall. lasks )oweted l) hvIiItI tanrd allitial 
w 'kare tnot casily sepaal) e Fron petl-olcttu-fuelcd task.. I lowevet; 
W:tellr lifting is otIt, kitd o task powetlred excliisiely I),etnigittes il l'hai
lanIl - to ftiaml armiliutial-po(,.red pttttips are used. I low pto(lu(tiol
 
altl productiviI • ate affected 
 1, , lit. use of lpet roletIIll-powcred Ifnachilnes 
is tnot yeutfear. lt (lefittitcly l)Cttotetl lt is I, imtiglt l Irt of 

1itl'rictilltUl-AICHT',,11+ lpro(huctio l.
 

The ptelitliiary itt hoittatim f''ot I979,)ttitll etrergy, SII've's til(e
available bY NF A ())ieitg'yatd kI t iliCr ilcrop,ts, )roduction ill each 
regiotn is atialvicd illlables 3.1 to 39. l'he statistics given wee obtailicd 
i\'scalilg ofttlie origittal dall. 'I lfIt)ol;lgc ofCrops illtile t)le does tiot 
Itecessal iil agree wit h tolictloti il llo,liot obtainelld fr"o1(otlher 
(c)ItViiiotAl 1i1ans. lhe iost tisefil itnformtion, p(rhaps, is tile pet

ofeach ettergy lharea ts(.' IlliU. statistics 0 lc -areaetnerg-usey Itll 
perarea k'ct ili.cr use lot- all to)s C(oll)iile(l adl those lot paddl only arconsidered sutficietitly reliable. (Ithel .siltist'ics ate ilti(iclive ottly (lie to 
Iliet limited sampthile base. 

As the tal)les show, ti (IleientrlI Regitl has tile highest rate of'use of' 
(f'uels 

arca. l'rodtuctivitv (+isiteastic(llby vielId), tlse ofti'ergy ill 

fuels atd hfrtili/er: Ilie S(ottlietti Regiotn has tile lowest usc of: per 
tle iurti of' 



TABLE 34. 
Fuels, Labor and Fertilizers in Production of Crops, Northern Region 

Gasoline Diesel human Labor Animal Labor Compost Fertilizer 
Area 

Crop Planted Yield Production total total total total N P K Total 
'000 rais kg/rai "000 tons l/rai '000 1 l/rai '000 1 hr/rai '000 h7 hr/rai '000 hr kg/rai kg/rai 

Paddy 19,350 302.8 5,858 0.7 14,126 3.2 62,310 113.0 2,187 5.2 1.0 .35 3.2 3.2 - 6.3 

Rubber - - - - - - - - - - - - - -

Maize 3,996 314.9 1,258 0.2 919 3.3 13,028 67.2 269 3.2 12.8 .05 0.2 0.2 3.2 0.5 

Kenaf - - - - - - - - - - - - - - - -

Cassava 1,127 623.6 703 0.8 925 3.2 3,597 MS5.8 131 0.4 .5 - 2.6 2.6 2.6 7.9 

Sugarcane 456 494.2 225 1.2 524 4.4 2,024 226.0 103 0.7 .3 - 2.0 1.6 3.0 6.6 

Tobacco 688 71.6 49 0.6 427 0.0 14 25.5 17 0.9 .6 .65 0.3 0.8 1.1 2.2 

Coconuts - - - - - - - - - - - - - -

Cotton 455 300.0 1 2.3 1,051 4.2 1,920 178.7 81 8.2 3.7 - 5.9 5.9 5.9 17.6 

Nuts, Beans 1,615 127.7 206 0.1 1,082 1.3 2,099 202.7 327 0.8 1.3 - - - - -

& Sesame 

Others 1,931 333.0 643 1.3 2,529 3.3 6,275 107.0 207 1.3 2.4 - - - - -

29,618 21,583 91,267 3,322 122 



TABLE 35. 
Fuels, Labor, and Fertilizers in Production of Crops, Northeastern Region 

Crop 
Area 

Planted 

"000 rais 
Yield 

kg/rai 
Production 

'000 tons 

Gasoline Diesel Human Labor Animal Labor 

Total Total Total Total 
l/rai '000 I 1/rai "600 1 hr/rai '000 hr hr/rai '000 hr 

Compost 

kg/rai 
N 

Fertilizer 

P K 
kg/rai Total 

Paddy 

Rubber 

40,606 164.8 6,690 .1 3,248 

-

2.b 

-

104,357 125.0 5,076 11.8 478 

-

5.6 

-

3.2 

-

3.2 

-

-

-

6.4 

Maize 

Kenaf 

Cassava 

Sugarcane 

Tobacco 

Coconuts 

817 

1,002 

4,726 

47 

12 

255.0 

151.7 

803.4 

713.4 

385.7 

-

208 

152 

3,924 

33 

4.6 

-

-

-

0.0 

-

-

-

-

47 

-

-

-

5.3 

1.0 

4.1 

-

-

-

4,306 

1,022 

19,329 

-

65.3 

203.1 

124.0 

248.4 

651.8 

53 

204 

58b 

12 

8 

-

0.8 

6.6 

3.3 

9.7 

12.0 

-

.6 

6.b 

15.0 

.5 

.1 

-

0.8 

2.1 

1.7 

8.1 

-

-

0.1 

2.6 

0.1 

0.5 

1.1 

-

0.1 

2.6 

0.1 

4.4 

3.2 

-

0.1 

4.2 

0.1 

1.0 

4.2 

-

0.2 

9.5 

0.2 

5.9 

8.5 

-
Cotton 

Nut, Beans 

& Sesame 

93 

75 

212.8 

83.3 

19.8 

6.3 

8.9 

0.3 

828 

25 

0.3 

1.8 

28 

136 

456.1 

86.2 

42 

65 

0.5 

-

. 

-

-

-

0.1 

-

0.1 

-

0.1 

-

0.4 

-

Others 1,357 894.9 1,214 0.0 54 1.7 2,253 163.2 221 4.0 5.4 - - - - -

48,735 4,202 131,433 6,208 506 



TABLE 36. 
Fuels, Labor, and Fertilizers in Production of Crops, Central 1 Region 

Crop 
Area 

Planted 
'000 rai 

Yield 
kg/rai 

Production 
"000 tons 

Gasoline Diesel 

Total Total 
1/rai '000 i I/rai '000 1 

Human Labor 

Total 
hr/rai -000 hr 

Animal Labor 

Total 
hr/rai '000 hr 

Compost 

kg/rai 

Fertilizer 

N P K 
k7/rai Total 

Paddy 

Rubber 

9,424 

-

397.7 

-

3,768 

-

.9 

-

8,105 

-

17.7 

-

165,996 

-

97.2 

-

916 

-

1.1 

-

10 

-

.07 

-

6.0 

-

6.0 

-

- 11.9 

-

Maize 

Kenaf 

655 

-

154.8 

-

101 

-

0.1 

-

65 

-

1.3 

-

1,159 

-

44.9 

-

29 

-

0.3 

-

.2 

-

-

-

1.5 

-

1.5 

-

1.5 

-

4.5 

-

Cassava 44 425 18.6 - - 13.5 587 237.2 10 - - - - - - -

Sugarcane 

Tobacco 

317 

-

801.1 

-

254 

-

-

-

-

-

42.7 

-

13,508 

-

101.9 

-

32 

-

-

-

-

-

-

-

7.4 

-

6.1 

-

11.1 

-

24.6 

-

Coconuts - - . - -

Cotton ... .. .. 

Nuts, Beans 

6 Sesame 

480 209.4 101 - - 76.4 12,670 114.0 55 0.2 .1 . .. . 

Others 252 384.6 97 0.3 68 7.7 1,942 66.6 16.8 0.2 - . .. 

11,172 8,238 196,862 1,058.8 10.3 



TABLE 37. 
Fuels, Labor, and Fertilizer in Production of Crops, Central 2 Region 

Area 

Crop Planted 

'000 rai 
Yield 

kg/rai 
Production 

"000 tons 

Gasoline 

Total 
l/rai '000 1 

Diesel 

Total 
I/rai -000 1 

Human Labor 

Total 
hr/rai -000 hr 

Animal Labor 

Total 
hr/rai '000 hr 

Compost 

kg/rai 
N 

Fertilizer 

P K 
kg/rai Total 

Paddy 

Rubber 

Maize 

16,671 

1,037 

-

255.0 

41.7 

-

4,267.0 

43.3 

-

0.9 

-

_ 

14,670 

-

3.2 

-

54,014 

-

113.5 

45.3 

1,892 

47 

6.9 

-

114.0 

-

.5 

-

3.1 

-

3.1 

-

- 6.3 

Kenaf - -

Cassava 

Sugarcane 

Tobacco 

1,589 

-

493.3 

-

784.0 

-

- 0.9 

-

-

1,351 

-

74.4 

-

118 0.5 

- -

.8 . . .. 

Coconuts - - -

Cotton - - -

Nuts, Beans - - -

& Sesame 

Others 1,747 404.6 70.7 7.4 12,994 13.2 22,968 118.6 207 0.7 1.2 -

21,044 27,664 78,333 2,264 116.0 



TABLE 38. 
Fuels, Labor, and Fertilizers in Production of Crops, Southern Region 

Crop 
Area 
Planted 
'000 rais 

Yield 
kg/rai 

Production 
'000 tons 

Gasoline 

Total 
l/rai '000 1 

Diesel 

Total 
l/rai '000 1 

Human Labor 

Total 
hr/rai -000 hr 

Animal Labor 

Total 
hr/rai -000 hr 

Compost 

kg/rai 

Fertilizer 

N P K 
kg/rai Total 

Paddy 

Rubber 

Maize 

4,952 

4,213 

-

293.0 

50.2 

-

1,451 

211 

-

.3 

-

-

1,337 

-

-

1.8 

-

8,814 

-

204.1 

99.4 

1,011 

419 

16.3 

-

81 

-

2.0 

-

6.2 

-

6.2 

-

- 12.3 

-

Kenaf - - - - -

Cassava 

Sugarcane 

-

-

-

-

-

-

-

-

-

-

Tobacco - - - - -

Coconuts 

Cotton 

1,869 

-

286.9 

-

536 

-

-

-

-

-

11.6 22 - - -

Nuts, Beans 

& Sesame 

Others 

-

283 

-

440.1 

-

125 

-

3.7 

-

1,057 - - 82.1 23 0.9 .3 -

11,317 2,394 8,814 1,475 81.3 
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TABLE 39.
 
Productivity and Energy and Fertilizer Use 
in Paddy Production.
 

Region Productivity 
 Total Fertilizer
 
(kg/rai) Mechanical Energy (kg/rai)
 

(NJ /rai)
 

North 303 
 311 6.3
 

Northeast 165 
 334 6.4
 

Central 1 398 832 
 11.9
 

Central 2 256 
 333 6.3
 

South 293 
 429 12.3
 

Average 242 
 386 7.3
 
Standard
 
Deviation 
 84 218 3.2
 

TABLE 40.
 

Correlation Coefficients, Paddy Production
 

Energy Fertilizer
 

Productivity 
 .63 .52
 

Energy 
 .58
 

f'uel used by agricIIth tiual IIachiIIes aI d lablo; and use of fertilizcr corres
pond gellerdlly. Table 39 colverls Idl use and htli alladndaliaimal labor 
into energy use through stan(Iard 'onversion fiactors (Ap)endix I).The 
strong, positive correlation coefficients ('laI)le .10) slihow tle correspon
delice between these l)ar'iacters. 

The NEA survey obtained a (irectI record oft)er capit ;IIicoIne oft' Ie 
rural l)ol)tlal ion. "singt lie figures on population size aud colnvelrting the 
parameters in "lIble 39 to per cal)ila basis, iset of )arametcrs is obtained 
as shown in Table ,11. Correlation coefficieits are given i "lalblc 42. The 
figures for iuicnOIle were directly obtained t hrough interview and repre
sent monet ary income onl;.(T[hey do uot ie essaril' coincide wit Ii 
figures obtained by convent iotal iealis.) 

Overall, diesel fuel is used more extensively inl agricultiulal )roduction
than is gasoline. alable -13provides statistics on fuel used ill tractors, 
limps, aud other mechanical devices. hi e total comuercial energy use
fir crop ) ch:tion represents only' about 3 percent of thle national 
energy consi'",ptiou. The heavy depeudeice on diesel oil, as mnutioned 
earlier; is probably attributable to the prevailing price structunre. 
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TABLE 41. 
Per Capita Income and kiiddy Production, Energy, and Fertilizer Use 

Region 
 Income Paddy Production 
 Energy Fertilizer
 
(,) (kg) (Mj) (kg)
 

North 4,350 
 795 
 853 17.3
 

Northeast 2,470 
 490 1,024 19.2
 

Central I 
 5,P4 0 1,953 4,087 
 58.6
 

Central 2 4,280 826 
 1,074 20.3
 

South 3,800 
 317 
 465 13.3
 

Average 3,564 
 674 1,095 20.4
 
Standard
 
Deviation 1,211 
 639 1,453 19.0
 

TABLE 42.
 
Correlation Coefficients for Paddy Production, Per Capita
 

Production Energy 
 Fertilizer
 

Income 
 .68 .64 .61
 

Production 

.78 .34
 

Energy 

.80
 

,s seel Iea rlie; the fLivorablh growth in crop produc:t io (I lring t le 
I 96(0s an( I 970s was (It e mainlIN to expaIIsi()II o hIanI un(Ier cultivatioI. 
The Sub)seqet t Sh)w(own in eX)ansion of'cultivat(I lanl has r(duce(d
tIle pro(luction growl h rate. T) in:rease fitl lire Crop prodluc( ion, yield 
]IIISl iICrease. t istecIcaIlly possible to increase yield to two I inies the 
)resent level. The NFISI)B's est ilate oft' lie C tlOilt(" rettili to fertilizer 

cost of, alolit twocot firims the ecoo icIcaesi ility f yield increase 
thIrough apl)rol)riate Ilse of' fIn.t iIi er. 

P)rojec(ting energy (fllanII 
1 ) prloduction is a cortIIplexlor (0cr0 )rocess

requiring adhfitional illfornllion. A regression anal ,ysis ol the data ill 
Table .1 gives 2.0 as the figure for the il )Incoie elasticity (denergy (e
llialid ill crop produthction.. 'L6 tiiidicstaunl m(ore clearly li)w wi(esl)read 
use of agricul ial uilachilslai(l energy is, tile fllowing ini formation is 
Ilecessarv: the illtlher ;i(I t'l)e of each ilachine, tle use of illachiles ill
their l:sl).ct i\'e tasks, and the ainint of fuel used to perkwori each one's 
tasks. II order to make an i'rast ructltral pro'ision for agricltural 

http:l:sl).ct
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1)rodlutioII, reasoltable t ilization rates ottthese m;cliIes Iutst also 
be known or be estimiable. For example, usin)g a pumipti) lift wati; the 
anoltItIallo depth of waler available, the area to be irrigated, tI id the 
milichiine type, ntuter)<, ,t(la ierformance luist be known to) be able to 
estillitalt the atilolllt of'Fuel required. Ili;afive market econotv, fuel 
price ,lso heavils' iIfhlic'ies )r(ductiol IiIx. 

Energy needs lot lishinig have Idistinct character f'ioii those of the 
rest of tthe ,igriuhl Illal Seclto. flhe eiergy consumed infishiiiig is tiiostly 
through commeriecial fishing: the etnergy consumed iII stubsistence fishing 
is )resLmten d tigligihlk. Still lie NEA estiuiltes tht the fishery subsector 
CoIsII<.ues albonut 875,()0() liters o<lgasolitne and 383 ,million liter-s ofiesel 

.1.8 
Appeudices 2 t()6 show macliner, fuels, ainml laholt; anid hutnia 

fuel, orabout percett ofl le nt itial consumptioln. 

lal)or used ill ,gictt il)r(duct iun (fist ril)uted ac(or(ling to aiiiotttit of' 
(ultivated land 1w holusehold. li tlie Northern Region (Appendix 2), for 
exatNi)he, .I8hou)tseh)ls have lillold(lingsof, tuotn . to (6rais. Land used 
ft l)o(ldtotion ofall cro)ps ill this <.altegory atunits to 202 rais, while only 
2" househohls use tractors. 'I he total laud used ill each category (foes not 
couitide with t he total lanlol(ling. This indicates eit her the existence of 
a certain extent of idle land or (L'livationoil leased land. 'lital land under 
cult llilotil iii the Nortlern and tile Cenmlal I Regions exceeds tile size of' 
total lat hliolhiig. 

'il lse oftractors, I iactor Fuel, and animal labor for igricutht ure are 
plotted'in Figures- and 5 by region. lhe graphs indicate that tractors 
usually rel)lacae ,iinal labolr as farm size increases, ill all except the 
Northeast Region. 'lle use of liitinal labor (leclities quite sharply when 
lartlin site excee(ds about 12 rais. The use of fuel, as represented by the 
MJ/I III plot, exhil)its a general increase with increase ill far) size except 
iII I le Soutlhierl Regiotn. Use ofmiitial labor inall regions rises to a )eak 
it10 to 20 rtais andtIlien falls off vit h larger laud size. 

In t lie Nort lieast Region, the )revaiiling taitil ed agricuilt ure l)rolably 
(foes not encourage cuthivat ion of larger land plots. An examination of 
tlie percentage of hi(sehol(fs using puml)S and t ie corres)onling energy 
use for ~tllll)S cionfI His 1his. The frequetiy of use and extent of use (as 
indlicated by tle total aitlillolof fuels used with )umps) appear highest in 
the Central I Regiotn: they ) lear very low itt t lie Northeast and Southern 
Regions. Ihowever, tie (lifierent composition (l',agricuil ure iii the Sout h
ert Regioi tiieans icoti)arisotn with ot her regions is inapl)rol)riate. 

Uin fortunately, tile NEIA iulblication (doesnot h)rovide a se)arate set of' 
(fatl fir each th jlo)rrt' like those iii Appendices 2 to 6. This in orma
tion is extremely sigrtificatit, as it imlplies tlie possible substitu(lioti of 



TABLE 43. 
Gasoline and Diesel Use in Agricultural Machines (000 liters) 

Region Tractor 

Gasoline 

Pump Other Total Tractor Pump 

Diesel 

Other Total 

North 

Northeast 

Central 1 

Central 2 

Sodth 

7,660 

500 

3,620 

1,450 

1,310 

10,090 

2,910 

3,450 

21,820 

1,060 

3,910 

710 

1,180 

4,540 

10 

21,660 

4,120 

8,250 

27,810 

2,380 

79,500 

53,770 

175,400 

55,340 

7,600 

8,200 

4,330 

1,930 

15,480 

-

440 

30,200 

1,980 

270 

1,230 

88,140 

88,300 

196,310 

71,090 

8,830 

National 14,540 39,330 11,450 64,220 371,610 46,940 34,120 452,670 

Source: NEA, 1980 Rural Energy Survey. 
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tractors fbr anIIiIIal labor ii lgrictIltire, liters of felI per hou of'lahboi; 
and the likelihiood oL'ilbst Itlit io Iti IIerlIs o L'I,f size I ilder ctI]livat ion.
'ItactoI's are IIused coiiioi)nily fir other tasks t lI..i paddY ciflti vati()n, btit 
alliial lif)r is tised miaiilv iII plddy clltivatiotl. Witfliout providing
(ItaIile(lidata r each cropF,, aII estiliIoIm lof thI stibstittItimIpotentialI
fIr the use of tractolt s iiI place o,'alliial labor is tiltellable. 

Wit hill each land size categor , the data on Ihe tIse of agriclIt IIralI 
machine II ry a IId ,ahIiIII IIro StratIfie (IccordlI Ig to itiWO I or ,WcordiIIg
to access to ii galtion 1ill proVidte valuIable ii fo ttitt1 ]of n the C(iivatioll 
pattern a)d theOw ofan alIt ciitI +1w 
provide \'alual)Jt iiH(ilfilatil i ()i ihlw proIlable ISt ail extent ofluse of 

p ttti ilit iepattilI. T appeidWices 

agrictIltI tal II ichIhIues, ,taII sitilalv of ai III ,Ilabor. FItlI st ratifica
lion according to cit1olti det'rillilalits will facilitate an aialvsis oit 
projected agrictlt tiral tierv IuS, iidepituet,Itof' aitIme SIl, ialNsis.eries ai 

Rural Industry and Energy Use 

()nly ro tgh estitlt<tes of[ Ihe piodlcti(ll ()tl)tltlo fIlel coilltilpi()tiOl
tatih are a'ailable hil, certaitl ItlUtiStries. Souimetiiies l'ore tlatl ote type

of prodltiction techlologv 
 is 1used iI one indusry, I)it data on theIt iiiIber 
of establishnlielts for each 1\')t"ate not available. lhe tolal e'nergy (oh
stliil)tiollarisitig Itol rural hiiftist riv is 
 ft 

Coimimatids litle attltiln. :\n 


,Lov Iw; is pr lobal)lv why it 
st Imae(ot he clnergv coiisuiill)tioii of'
 

some of the 111) 'iitrgy-intIu,sivc iuIlitsiries is shown iII 'Table 
 .I. 
John Arnold's it tlclIe.ti. siii.'c.,s puo vieIItill)iiitiating itIsigIit in11to

the eliergv cons[ 1111upt lolt pilittl. of sotic oft Ile nnti 'commo ral iidiltistiies. 
Ie attte ltp[s to )lovide aI Itit)ii fl litt jo ll ase fotr ilt trodluctilotiio ltera l 
tive technologies, and lie cmvtcs sotile oft lie more energv-intteiisive rural 
indList ries. lowever, the dt;ilat it cludet'ite hor est 111)ill Ig lift iolal
 
patterns.
 

Charcoal Making. It pieva;ils in et', verylural area. C harcoal is pt'eferred
to ftelwood al is moore coimioinulv used ill ,fiutillt areas. hIlree types of
charcoal kilns are uised, each in arving sizes. Paddy Iiusks nalike starter

fels and provide aIcove for wood ciiuring catrbotizatiot. The energy

yield ratio of'chatrcoal in terms of fuchwood intit Inav reach 50 percent
when paddy husks utse eches 50 iero.'ent by weight of't lie fielwood 
iuilut. Larger kihins (uised coinmercialk)are morte efficient, giving higher
yields. Ilouseliolds also lrolUice chlircoill h0r their own use. 

Rice Milling. This is one oft he ohlest indust rial act ivit ics. The large
number and the wide spreald of'rice mills reflect tile extent of rice ctltiva

http:tlclIe.ti
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North 
Percentage of MJ/HH 
households 

80- Tractor -400 

60. 	 Energyfor 
/ \ . . tractor 

/ \ 
40 / 	 200 

20 I"
 

Animal labor 

20 40 60 

Northeast 
Percentage of MJ/HH 
households - -4- 0 

80 	 "'\400 

,S
 

60-	 " 6" ,. -..Animal labor 

40. 	 200 
Energy for 

.............. tractor 
20 	 * 

20-_ _ _ Tractor 

20 40 60 

Farm size 	(rais) 

Figure4. Use of Tractor atd inimtalLabor: North and Northeast Regions 

lion. Rice rills are locate(l both within urban areas and in rural areas. 
Small mills producing I to 2 tons per day a;re )owere(l by diesel engines 
and are located in remote rural areas. Medium mills producing 10 to 20 
tons per (ay also located in rural areas, are also diesel powered.Larger 
mills are mostly located in tile center of the area where cultivatioln is 
intensive and are usually easily accessible by paved roads. These larger 
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Central 1Percentage of Tractor MJ/HH
households T 

80- 400 

60- 60"tractorEnergy for 

40- " 

202 

'" Animal labor 

20 40 60 

Percentage of 
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40 - .....
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Figure5. Use ?f Tractor and Animal Labor: Central 1,Central 2, and 
Southern Regions 
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TABLE 44.
 
Annual Energy Consumption of Some Rural Industries, 1980
 

Energy Consumption
 
Industry Production
 

Diesel Fuel Oil Electricity Fuelwood Others
 
('0001.) ('0001.) (mil. kwh) ('000 tons)('O00 tons)
 

Charcoal 
Making 

3,384 - - 15,140 rice husk 
(no figure) 

Rice Milling 15,758 
(paddy) 

53 - - - rice husk 
2,258 

Cassava: 
Chipping and 
Pelletizing, 

10,580 92,000 - -

Flour Milling 557 34,810 119 

Ice Making 14,600 - - 1,292 -

Total 92,053 34,810 1,410 15,140
 

Source: Compiled from NEA data, and J. Arnold, 1982.
 

mills use rice-husk-fired boilers, using a design many decades old. The 
rice millers' association reports a milled-rice-to-paddy ratio of 0.6. Ofthe 
0.22 ton of husk produced from one ton of paddy, 0.159 ton is used in 
the boiler. 'Fhe diesel units use about 1 liter of fuel to produce 55 kg of 
milled rice. 

Cassava Chipping and Pelletizing. U1pto 95 percent of the cassava 
produced is exported and chipping and pelletizing are required by the 
importing countries. The diesel-powered units used for that purpose 
arC locally produced and use about I liter of fuel per 715 kg of pellets. 
Locally cassava is used as flour. The fHour mills use I liter of ftel oil 
and 3.1 kwVh of'electricity to )roduce 16 kg of flour. 

Ice Making. This uses electrical compressors that produce II kg of' 
ice per 1 kWh ofelectricity consumlption. Ice can be found everywhere 
except in the remotest rural areas. The industry uses rice husks exten
sivelv as insulating material, but no reliable estimate ofthe amount of 
rice husks used is available. 

Brick Making. Most local, small-scale brick makers utilize rice-husk
fired kilins, producing 1.6 kg of brick to 1 kg of rice husks. The wood
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fired kilns are located most l'in tihe Sout hem Region, where rubhber wood 
is used as fuel. That consumption is 1.3 kg of'wood per 1 kg of brick. 

Pottery. Most ofthe ceramics produced and used in rural areas are 
not glazed. Glazed ceramics are produced in modern electrical factories. 
Ceramic product ion requires about 1.8 kg offfuelwood for 1 kg of 
ceramic. Rice-husk-fired kilns require about 1.6 kg of'rice husks to 1kg of 
cerain1iC. 

Salt Production. No infbrmation is available for the amount of electi c
ity used to pump water. Fuelwood is used for boiling away tle wate, but 
a recent shortage of fuelwood in the salt-lrodlucing areas d(ie to over
cutting of'trees has forced a change to other fuels. In one case, sawdust is 
used producing 1 kg of'salt ftr 2.7 kgofsawdust. In these tyj)es of small
scale industries where the heat is required to boil water, a variant of the 
so-called improved stove is used. The stove can accommiii iiodate a number 
of water )ots and has a chi iney attached at the end opposite to the fuel 
input. The stove has loved to be fuel efficient fir th is ise and comner
cial units are available, although cumersoie to tra islort. 

Cotton and Silk Weaving. Doiie by'hand, this is largely a household 
activity. Factories with ul) to 50 manually operaled loonis can le found
 
in the central area of the silk-)roducing coun it ry hli
this industry, (iveing
 
yarn is made in the factory or in the household. Thle reqiuireiuient for
 
boiling water is similar to salt -(odtction and tlie same type of stove
 
is used.
 

Rubber Drying. One kg of' rubber crumb requires 0.9 kg of rubber 
wood for use in the drying tower. Rubber wood is tisuially available since 
old rubber trees are continually replaced by new trees. 

Energy in Transportation 

Although the 1980 NEA rural energy survey quLestionnaire covers 
transl)ortation, no relort in any form has been puiblslied. Trhe in forna
tion here on energy hise in trasnpmtation is taken from tile 1979 Phlot 
Survey (1980). 'lible -15 shows tle fuel conposition uised for perlesonal
transportation stratified according to income class. Uinfortunately, the 
pilot survey includes only one Iro'ince for each region, and no detailed 
in formation on energy for goods transportation for each region is 
published. 
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TABLI 45. 
Fuels used in Personnel Transportation, 1979
 

Gasoline (1) Diesel (1) 
 Energy (MJ)
 

Income Class per 1E per head per Hit per head 
 per 11l1 per head
 
(thousand )
 

0-24 94.1 
 15.6 4.1 0.7 3,470 


24-4b; 153.9 
 25.6 52.8 8.8 
 7,480 1,240
 

48-72 412.1 68.5 118.3 
 19.6 19,130 3,180
 

72-120 351.8 58.4 667.2 
 110.8 38,550 6,400
 

120 up 103.2 17.2 
 - - 3,630 600 

Average 155.3 
 25.8 63.0 10.5 7,930 1,320
 

l'ersoml trantsportation occirs as )art of houtsehold activities, such
 
as going t!o commiiiity health centers and to 
 movies. These activities 
relat'e to geieral hotsehold fiial demand, not to production. Relating 
personal i ransportat ion to agricuh uttal )roduction would hbe fultile. 
The .tn'be. of (t(detIneitlats involved tiiay be i nmerable, and the 
iel;i,i'e at t ri)ute ofCach iiaynot le estimablc. 

;cterall', cnergy consumpt ion in personal t rans)ortat ion increases Is 
it' conic increases (see Tiable 15). Th heavy' use ot'gasoline compared to 
diesel c.rrcsp)onds with the nat ionah trclild toward miore personal tralls
portal iol. Motor bicycles, most private cars, and some pickup trucks use
gasoline. The tn of satli)les 1,r1 the uipper itcome classes may not.mber 
adequately represet tlie class. Thal may he why statistics show small fuel 
costill)ipt io ii Ilie tpperllns income class. 

CONCLUSIONS 

Research to dalte has provided the basis for bringitg together; in t his 
chapter -egional p)fmliles of rtiraIl energy consumption by principal end 
uses, of'energy sources by princilpal types of resource, and of'intermediate 
energy firms 1anldquality. Several analytic scenarios relevait to policy 
purposes can be derived from these data and are treated in a companion 
st udy (Chirarattananon 1982). 

In the section on firewood and charcoal utse in different types of stoves, 
the chapter has illust rated how (hata on energy technologies and fliel use 
obtained through local st udies (:a be combined in hybrid form withl 



IIationIIwide,survey data to arrive at prelinhInI yestiIutes of I'll] s IlbstiI i
lion Jpo.Ssiillit is. 

In siIIIilar manner, ilI order to) I)rInIg soc ial all eIcoloIicti dCvelopllent 
olijecti ires Iobaroll el Irgy tcchnology d(el2l()JIIli I, Ir!ile!r ilicroscale 
.stliofes%\illIbe IC(jIIirel listIg regional talilites as ltrainivorks loir 
alalysis. lThret principal loci how such furlhir (elch)l)lollellt reseallh 
a i(e i .i't
tIl'cI 

I."I6melt i l lift i Plai'ts object i\s . rd(ll('ing l)mtertv and inhlprov
ing income (listril)II ion, actioii-oriciltil tI
miles of social s'tcture and 
e/llery 'ost l'alits ill tglr)(olloillic b'IleS (ltcgol-i/.ed as impoveiisled 

.ll1 leCOllilicil(d (l. 
2. '1 achlievc ilpirl-me land Use and increased agrictil tu-a iilds as 

largeted lv Ilhc plalt, chaitging energy re(itrements and usc patterns 
should lh ascertainted through colpilat i'C iiicrosttmdies in principal 
agoccoloiotic bones. If well d(esigi'd and organized, Ihese stidies call 
COllritl~tt. (Inervtl to laitIers abiliy (iicluding	thal of siuiall-scale 

,fialrmers) to incease F)l0dtlctiolt and vie<lIs. 'lhe also cail Frovide
essential data I'r"ru1ral cn+'rgy suply+, plailltlingand pr'ice policy f,0or11i

olo a!tregional ,and ntional scales. 
3. (:oll serlViol an(l itte-itt'el sihstit t tlll were Fpointed out as the only 

iheolis oftcurlbing or reducing t he large (ptanlities of energy lised to Imeet 
rural cooking ,nels.U s.i-oiricntcd design ,and(llevcloj)uniteit studies iale 
now indicated to improve siovC efliciencies, to Fitcooking devices more 
-losel\ to ilie characteristics of available fls (while recognizing the 
infilettec otlocal cooking plactices), aMid 10 ilcrease a.'ailabilitV of allld 
access to1 preflerred fuels. 

Chapters 8 to 10 (ilrecily address such cooking technology and fuel 
needs, while tie book's 'onc!iding chaper suggests met hods fr StruLC
m ring dliese di'tte rec o ml research.nelldedIareas of' de eloplelllrll 

NOTES 

I . Balits per current US $1.00: 

1979 198 198! 1982 
20.43 20.63 22.00 23.00 

http:ltcgol-i/.ed


227 

APPENDIX 1.
 
Conversion Factors
 

Fuel/Energy Form Unit Conversion Factor
 
(MJ/unit) 

Commercial
 

Crude Oil 
 liter 38.50
 

Gasoline 
 liter 35.16
 

Diesel 
 liter 39.24
 

Kerosene 
 liter 38.86
 

LPG 
 liter 46.70
 

Fuel Oil 
 liter 41.40
 

Jet Fuel 
 liter 36.05
 

Natural Gas cu. ft.
1.000 923.13
 

Lignite kilogram 16.60
 

Electricity kWh. 
 3.60
 

Dry Cell piece 1.675 a l0-3
 

Calcium Carbide kilogram 20.26
 

Non-Commercial and Semi-Commercial
 

Charcoal kilogram 28.57
 

Fuelwood kilogram 16.31
 

Paddy Husk kilogram 12.41
 

Paddy Straw kilogram 12.41
 

Coconut Branch kilogram 12.79
 

Bagasse kilogram 8.00
 

Human Labor working hour 1.0
 

Animal Labor working hour 9.0
 

Source: Most of the figures are taken from NEA (1982).
 

Note: 
 These figures, except for human and animal labor, represent estimates of
 
the calorific heat value of the fuel. For fuelwood, an average humidity
 
content is used. No distinction is made for the species of trees from which
 
charcoal and fuelwood are taken. The actual useful work produced in a working
 
hour by human labor is given as .1799 HJ and by animal labor, 1.346 MJ. The
 
figures for human and animal labor are quoted alongside those for fuels in the
 
text. Since the conversion factors used for fuels are calorific values and not
 
the useful energy at end-use, the factors for human and animal labor have been
 
inflated by about 5.6 times to reflect an assumed efficiency of the machines of
 
18 percent.
 



APPENDIX 2 

Energy Use in Agriculture, with respect to Land Size, NORTHERN Region t
hZ
 

Land 
Size 

(rai) 

No. of 
House-
hold 

Land 
Hcld-
ing 

(rai) 

Land 
Used 
(rai) 

Animal Labor 
Household 

Usinet 
hr/ 

No. I rai No. 

Household 

Using 

% 

Cu 

Z 

Tractor 

Gaso-

line* 

Fuel Use 

Die-

sel* 

MJ/ 

rai 

Ki 

HH 

2 181 57 25 1 1 2 8 4 4 6 59 100 4 
2-4 39 106 92 8 21 9 20 51 13 36 146 76 10 

4-6 48 228 202 16 33 17 23 48 19 143 1,427 3C3 86 
6-10 66 496 484 35 53 22 28 42 24 599 415 77 53 

10-15 62 721 979 38 61 12 47 76 32 321 1,547 74 102 
15-20 60 986 939 17 28 7 38 63 36 220 2,905 129 172 

20-25 44 918 1,218 14 32 13 43 98 41 342 2,973 106 182 
25-30 27 718 708 5 19 15 21 78 43 179 1,608 98 98 
30-40 61 2,011 1,889 9 15 10 48 79 47 27 5,710 119 318 
40-50 37 1,602 1,620 1 3 5 32 86 49 973 4,064 120 274 
50-60 27 1,454 1,209 1 4 5 21 78 51 - 3,732 121 207 
60-80 32 2,153 2,488 1 3 4 32 100 53 454 7,100 118 417 

80-120 20 1,880 2,057 - - 3 20 100 56 614 6,673 138 401 
120 3 1,112 1,224 2 68 2 3 100 56 - 2,265 73 126 

Total 707 14,441 15,158 148 385 3,914 40,624 114 2,449 



Household 
Pu~p 

Fuel Use Household 
Other Mechanical Devices 

Fuel Use Human 
Cu esso- Die- KJ/ KJ/ Cu Gaeo- Die- K31 u Er 

No. I 1 line* sel* rai HE No. x I line* sel* rai H ri 

4 2 2 130 61 276 °9 6 3 3 - - 309 

4 10 4 393 19 158 21 7 18 6 -298 

9 19 6 119 520 122 35 12 23 9 23 - 4 1 241 

15 23 10 524 167 51 35 24 36 15 461 21 39 24 224 

20 32 13 1.123 609 65 90 28 45 19 6 - - - 316 
8 13 15 136 38 7 9 21 35 22 2 24 1 1 112 

7 16 15 288 391 21 35 30 68 26 337 52 11 20 183 

6 22 15 370 91 23 38 15 56 27 8 9 1 1 87 

12 20 16 306 472 15 41 37 61 31 21 12 1 2 95 

9 24 17 510 480 23 52 20 54 32 15 - - 1 77 

8 30 17 70 305 12 20 15 56 33 536 16 16 28 108 

9 28 18 561 611 18 62 30 94 36 171 81 4 13 104 

8 40 18 599 326 17 48 16 80 38 405 10 7 21 80 

2 68 19 27 114 4 8 3 100 38 14 - - 1 44 

121 5,156 4,194 23 489 264 1,999 225 5 112 

*In liters.
 



APPENDIX 3
 
Energy Use in Agriculture, with respect 
to Land Size, NORTHEASTERN Region
 

Land 
Size 

(:ai) 

No. of 
House-
hold 

Land 
Hold-
ing 

(rai) 

Land 

Used 
(rai) 

Animal Labor 
Hcusehold 

Using 
hr/ 

No. 2 rai No. 

Household 

Using 
Cu 

1 

Tractor 

Gaso-

line* 

Fuel Use 

Die-

sel 

Nl/ 
rai 

NJ/ 
HH 

2 70 26 8 5 7 85 1 1 1 - 170 834 8 
2-4 14 36 86 11 79 39 2 14 4 10 122 144 6 
4-6 29 139 186 24 83 36 5 17 7 - 231 49 11 

6-10 74 570 579 65 88 33 9 12 9 - 1,365 93 64 
10-15 100 1,189 1,894 100 100 33 14 14 11 - 960 27 45 
15-20 102 1,699 1,986 102 100 28 1& 16 12 125 1,616 34 80 

20-25 102 2,191 2,370 82 80 21 25 25 15 3 2,356 39 110 
25-30 72 1,919 1,631 49 68 26 13 18 15 31 2,100 51 99 
30-40 107 5,519 3,153 75 70 20 20 19 16 7 2,961 37 138 
40-50 63 2,729 2,180 35 56 16 16 25 17 - 3,231 58 150 
50-60 55 2,896 2,503 35 64 19 12 22 17 - 1,695 27 79 
60-80 36 2,397 1,754 18 50 15 9 25 17 - 1,067 24 50 

80-120 18 1,735 827 7 39 7 2 11 17 - 1,642 77 76 
120 5 1,168 987 2 40 3 2 40 17 - 1,837 E6 85 

Total 844 22,213 19,604 620 146 178 21,353 43 1,000 



Pump Other Mechanical Devices
 
Household Fuel Use Household Fuel Use Human 

Usins Using, Labor 

No. 
Cu 
% 

G:So-
line* 

D'e-
sel* 

PU/ 
rai 

MJ/ 
HH No. 2 

Cu 
7 

Caso-
line* 

Die-
sel* 

Mi/ 
rai 

MJ/ 
HH 

Hr/ 
rai 

-- - - 4 6 -- - 3,267 

1 7 1 - - 5 - 251 

2 7 3 8 1 2 7 5 - 1 0 0 224 

5 7 4 6 26 3 2 8 11 8 138 - 8 6 196 

5 5 5 16 62 3 4 7 7 7 31 1,206 43 57 173 

6 6 5 281 540 16 37 15 15 9 47 3,225 64 152 176 

6 6 5 309 70 6 16 11 11 10 5 496 8 23 ill 

8 11 6 45 257 7 14 7 10 10 60 579 16 29 133 

9 8 6 16 286 5 17 18 17 11 - 1,383 17 64 108 

4 6 6 27 - - 1 4 6 I0 - 370 7 17 i11 

2 4 6 14 69 2 4 9 1-6 11 - 491 8 23 105 

4 11 6 320 366 15 30 6 17 1i - 1,965 44 91 9 

3 17 7 12 61 3 3 2 11 11 - 2,277 107 106 174 

- 7 - - - - - - 11 - - - - 45 

55 1,154 1,719 6 128 93 281 11,993 25 569 

*In liters. 



APPENDIX 4 
Energy Use in Agriculture, vith respect 
to Land Size, CENTRAL I Region t 

Land 
Size 

(rai) 

No. of 
House-

bold 

Land 
Hold-

ing 

(raj) 

Land 
Used 

(rai) 

Ani al Labor 
Household 

Using 

hr/ 

No. Z rai No. 

Household 
Using 

2 

Cu 

1 

Tractor 

Gaso-

line* 

Fuel 

Die-

sel* 

Lse 
Us 

ni/ 

rai 

MJ/ 

HH 

2 22 1 1 - 0 - 0 _ 
2-4 4 10 5 - 0 - 2 50 7 3 34 320 10 
4-6 3 13 18 - 0 - 3 100 17 - 384 837 103 

6-10 8 56 95 1 13 3 8 100 35 101 1,049 470 306 
10-15 17 200 187 1 6 2 14 82 50 51 2,622 567 717 
15-20 11 186 184 2 18 15 7 64 52 - 2,265 482 608 
20-25 13 273 282 2 15 3 10 77 56 - 3,617 503 972 
25-30 6 159 240 1 17 1 6 100 60 253 1,713 317 521 
30-40 

40-50 

13 

13 

421 

558 

503 

344 

-

-

0 

0 

2 

-

13 

8 

100 

62 

65 

65 

19 

-

7,528 

5,941 

588 

677 

2,028 

1,597 
50-60 18 929 564 - 0 - 11 61 64 - 10.,00 750 2,822 
60-80 

80-120 

9 

8 

580 

912 

600 

1,477 

-

-

0 

0 

-

-

9 

8 

100 

100 

66 

68 

-

1,201 

11,266 

30,048 

737 

827 

3,028 

8,364 
120 1 160 545 - 0 - 1 100 69 30 3,376 225 915 

Total 146 4,400 5,055 7 113 1,658 80,343 636 21,991 



No. 

Household 
Us inn 

2 
Cu 
2 

HuPump 

Gaso-
ljne* 

Fuel Use 
Die-
Die- NI 
sel* rai 

NJ! 

ZB No. 

Household 
Using 

Other Mechanical Devices 
Fuel Use 

Cu Gaso- Die-

2~ line* sel* 

i/ 

rai 

Mi/ 

HH 

Human 

r! 

rai 

D-0 . . . 1 
5 

25 

5 

8 -12 

244 

3 100 10 738 1,E08 198 - 0 7 -303 

1 125 11 5 2 1 5 63 19 - - 109 
9 53 24 359 2,256 541 693 B 47 28 30 128 33 42 234 

4 36 26 425 1,334 365 461 5 45 31 3 4 2 2 77 
5 38 28 152 - 19 37 8 62 36 9 129 19 37 128 

4 67 31 134 83 33 55 3 50 37 - - - 229 
4 31 31 - 1,978 154 532 10 77 42 99 60 12 4 i17 

4 31 31 273 501 85 200 4 31 41 43 7 5 12 65 
4 22 30 191 214 27 104 6 33 40 29 137 11 44 82 
2 22 29 - 433 29 117 6 67 42 202 36 14 58 69 
7 88 32 - 1,122 30 302 8 100 45 67 .08 13 126 90 
1 100 33 44 - 3 11 1 100 45 62 - 4 15 33 

48 1,578 8,669 78 2,710 70 544 909 11 375 

*In liters.
 



APPENDIX 5
 
Energy Use in Agriculture, with respect 
to Land Size, CENTRAL 2 Region
 

Land 
Size 
(rai) 

No. of 
House-
hold 

Land 
Hold-
ing 

(rail 

Land 
Used 
(rai) 

AnimalLor 
Housetold 

Usin 
hrl 

No. 2 rai No. 

Household 

Using 

% 

Cu 

% 

Tractr 

Gaso-

line* 

Fuel Vse 

Die-

sel* 

Ni 

rai 

Nil 

HH 

2 31 5 2 - 0 - - 0 -
2-4 5 12 6 - 0 - 1 20 - 10 - 56 2 
-6 

6-10 

5 

7 

22 

50 

43 

51 

1 

1 

20 

14 

16 

6 

3 

4 

60 

57 

10 

17 

-

-

35 

151 

32 

116 

9 

40 
10-15 12 140 187 6 50 12 6 50 23 - 427 90 112 
15-20 17 281 250 5 29 14 7 41 27 136 1,373 235 394 
20-25 15 322 341 7 47 21 8 53 32 - 546 63 144 
25-30 8 211 314 3 38 11 7 88 36 14 854 108 228 
30-40 13 424 240 4 31 15 3 23 35 - 649 106 171 
40-50 7 293 386 2 29 18 7 100 38 - 986 100 260 
50-60 10 512 459 - 0 - 7 70 41 - 1,425 122 375 
60-80 5 327 328 2 40 16 2 40 41 - 847 101 223 

80-120 8 797 869 2 25 5 7 88 43 113 1,899 91 527 
120 6 1,412 487 1 17 4 2 33 43 - 1,216 98 320 

Total 149 4,808 3,962 34 64 273 10,408 106 2,805 



No. 

Household 
Using 

% 
Cu 
% 

Pump 
Fuel Use 

_________Die-_Usinp, 

Gaso- Die- Nil 
line* sel* rai 

NJI 
HH No. 

Household 
Other Mechanical Devices 

Fuel Use 

Cu Gaso- Die-
I1 line* sel* 

MJ/ 
rai 

Mi/ 
RH 

Human 
Labor 
Hr/ 
rai 

1 6 3 - - - 1 6 3 - - - 7 

1 20 6 19 - 107 5 2 0 3 - - 1-10 

4 ,0 15 165 117 242 70 2 40 7 - 1 1 - 239 

3 4' 19 306 - 211 72 3 43 13 . . . . 161 

9 "5 30 985 557 302 379 7 58 22 197 - 37 47 134 

6 35 31 288 547 126 212 6 35 25 154 2 22 37 86 

10 67 37 498 293 85 195 8 53 29 431 - 45 179 235 

6 75 40 511 996 182 382 4 50 31 - - - - 114 

2 15 37 292 - 43 69 2 15 29 - 47 8 12 87 

4 57 38 190 195 37 96 2 29 29 - - - - 103 

6 60 40 480 - 37 113 5 50 31 72 - 6 17 68 

3 60 41 275 - 30 65 1 20 30 - - - - 53 

3 38 41 95 186 12 71 5 63 32 - - 107 

1 17 40 - 20 2 5 - 0 31 - - - 88 

61 4,104 2,911 65 1,735 46 854 50 8 215 

*In liters.
 



APPENDOIX 6
 
Energy Use in Agriculture, vith respect 
to L.d Size, SOUTHERN Regior
 

Land 
Size 
(rai) 

No. of 
House-
hold 

Land 

Hold-
ing 

(rai) 

Land 

Used 
(rai) 

Animal 
Household 

Using 

No. I 

hr/ 

rai No. 

Household 

Using 

Z 

Cu 

I 

Tractor 

__
Gaso-

line* 

Fuel Uje 

Die-

el* 

NJ/ 

rai 

KJ/ 
Hi 

2 

2-4 

4-6 

6-10 

10-15 

15-20 

20-25 

25-30 

30-40 

40-50 

50-60 

!4 

4 

10 

16 

27 

18 

6 

10 

10 

4 

1 

4 

10 

45 

120 

323 

301 

126 

262 

319 

177 

57 

1 

26 

66 

104 

348 

283 

239 

79 

198 

42 

109 

-

2 

3 

9 

13 

7 

5 

1 

4 

-

-

-

50 

30 

56 

48 

4 

83 

10 

40 

-

-

240 

22 

14 

13 

15 

10 

20 

3 

15 

6 

-

2 

2 

8 

10 

15 

8 

4 

1 

2 

1 

1 

14 

50 

80 

63 

56 

44 

67 

10 

20 

25 

100 

14 

22 

43 

50 

52 

51 

52 

48 

45 

45 

45 

-

86 

-

-

102 

-

-

-

-

3 

21 

89 

166 

415 

246 

279 

12 

140 

15 

5 

118 

32 

53 

35 

56 

34 

70 

6 

28 

14 

2 

1 

6 

30 

48 

143 

72 

123 

4 

41 

4 

1 
60-80 11 764 333 4 36 10 - 41 - - -80-120 1 105 100 - - - 41 - - - -
120 3 663 150 - - - 1 33 41 - 43 11 13 

135 3,215 1,154 48 55 248 1,434 30 481 



No. 

Household 

Usini 
Cu 
Z 

Pump 

Gaso-
line* 

Fuel Use 

Die- KJ! 
sel* rai 

1J1 
MB No. 

Household 

Usin__ 

x 

Other 

Cu 
1 

nicl D vices 
Fuel Use 

Gaso- Die-
line* sel* 

J4/ 
rai 

NJ/ 
HN 

Human 
Labor 
Br/ 
rai 

.... 

..... 

1 10 4 200 - 107 52 

....-

2 20 

...-

7 - -

3,175 

685 

377 

. . 

. 

... 

... 

... 

.... 

. 

. 

. 

. 

5 

5 

1 

6 

31 

19 

6 

100 

16 

17 

15 

20 

-

1 

-

.-

1 

231 

-

0 

26 

-

1 

67 

-

197 

173 

119 

104 

. 

. 

. 

.... 

... 

... 

- - - -

.. 

1 

. 

. 

25 

... 

. 

. 

17 

17 

.. 

- .9 

-

-

-

-

-

4 

115 

99 

24 

62 

.... 

I . 

..... 

. . . 15 - - -

-

-

189 

15 
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6 
Integrated Rural Development Planning and 
Energy Priorities: Participatory Surveys in 
India Microregions 

I. M.Vinod Kumar 

GENESIS OF MICROREGION PLANNING STUDIES 

India's rural conditions are far from satisfactory in spite of over 30 
years ef'experience in planned development since independence. More 
and more people living in rural areas are becoming impoverished (Rajni 
Kothari 1979, 11,0 1979, GM 1979, 11LO 1980. V.N. I)andekar and N. 
Rath 1979, B.S. Rao and V N. l)eshpande 1982, and Center for Policy 
Research and Fam ily Planning Foundation 1983). Growing poverty, 
u nemploymetit , disease, and inadequate access to basic needs and services 
(T.M. Vinod Kumar 1980);along with growing feelings of inequities and 
injustice make an explosive inix inrural communities. Energy resources 
and their use are part of rural development, so global rationing of energy 
resourceS on ly worsens this trend. 

In India's rural areas, biological productivity (the rate of appearance of 
energy and natter as living tissue) given the const raint of cIirrent techiiol
ogy is sustained by energy subsidies ofcheiiical ferilizers, diesel fuel, and 
electricity sutpplied ftrni outside the area.Scarcities of these nonirenew
able energy resources weaken productivity and add to rural tenision. 
Popular rhetoric of local and national politicians as well as emerging 
policy directives for rural development echo these concerns, but in spite 
of'a panchayat ra, grass roots political structure and an administrative 
network reaching to t lie villages, poverty remains a serious prol)lem. 
Rural areas must be rapidly traMs f'rMed and rural coiisumption patterns 
st rigthened. The newly created mnarkets will faicilitate overall national 
development, inchlding integrated rural and urIban develolment. 

Since the start of national planning, several gaps have been evident in 
knowledge for integrated rural developmentiplanning and policy forma
tion. Many studies have been made both within and otutsile the govri-in
ment. This chapter concerns one such study designed as an intensive 
planning exercise to guide and inform policymaking and linilited local 
interventions. 

The study areas Mahnar block in Vaishali district and Hariharganj 
block in Palamau district are located in the state of Bihar in eastern India. 
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ictigp io DCvi2.12 Ruratl t)ecthymciI Nvtvds 

Research work was init ited I IlIe (:etI re for the St Iv of' l)eveloping
Societies (CS1)S), Delhi. The st udv was pail of' collal)brat ive reseaiclI 
])rogr III wi It Ile Co IIcil lot' Social l)evelhpIeiIt (CSI)), New l)elIIi,
which stLdied Ratagliat Block 11 it\West Bengal, and tIle Ceiter fot 
Developtent Resa rch (Cl)1,). (ol)enhagen, which st tidied Sirsi block 
in Karnataka. 

EvenIthough it is rich ill tIatnra! and tIincral resources, Bilhai is
 
cOtsi(lered oie of't Ie)ttost IlIIlderdeveloped states in India. Flie total
 
geograplical arca offtlc state is 173,870 sqI kil, 
 with a p)optlatiot of'
 
56,353,0(00 in 1971 and 69,823,)) 
 in 1981. 'I'lh river (;aiges divides 
Bilhar into two utt etual Itarts:'iciht'll al()thll[tlile po)orso ). Tihe 
noritl, iticlding \'i,iliali (list rict, ischartcerizc€l by Ilt ile land, denise 
population, and plain tertaili. ]'T souttliertn part has less fertile land,
less ctlti'able 'a, Sparse populat ot, and inhospitable, hilly terrain. 

alanau (list r'iCtis locatcd Iher'e. \ la1'get'' pltceitage of'sociooe(omticallv backward s(1'IdIte( castes atijl sch1dctll ttil)es liv'e itI 
soutli Biliar thlt live iti t li tort In. 

il order to idelt ly ulceehklpitt pt'iorilies atd stratcgie.; il c'tt'ast
ing lcgions, Ilic CSI)S teatti st tilied t lie iat tire of u Ilh'dev'ehpnleit itl 

()Iseone block itl each of t parts ol' Iihar. 'lie blocks Selected fn' st tily

wit li hce cotncurl'telie oflstale and (list rict officials are 
 ieit her t lie tichest 

lie poorest. heittiort 1lie' tespect tye regions, thcv ial be conisidered as
 
average, nmt tibal blocks. 'lhe (ollal)(tative studv shottld lherelire
 
provide (lircct insight and data on policy issues otllnergy and tial
leveloplment iti tlotl i .l sot Ii Biliar. ()f'cou'rsc, the two blocks
 

selected catlnot hw (Aolside'ed ileit'sellt t i'vc of' Itlia's liete'rogIle(tls

sPitIci(IcIltlI st rutI~Illuc., cc(oSYS~ll~is, aind vary'inlg ht11lltll anld lnal Ilital 

(Cotwept1,11,,Iract ical, and p)olicy pllls ill illtegratl+d ruvral lev'el
opilectit were higliliglhted. Lerigy 's c'rucial tolc in (lchllett in these 
blocks becate evi(etet dh'ring t lie field work. l)eliteating t lie existing
.X'sticll atdil ctlet'tg p'riotities ill tlise Cspc fic geogt alical areas will 
tlicrefiite beliefit (01wid et investigation of etcrgy aild i'tt'1al develop
tietit po0licy issues. 

INTEGRATED RURAL DEVELOPMENT 

Integrated illural dcvelol)melt iiiay be def'itied as a cotmplex itliersec
tt'al and area-specific i)t.(ess lIr itilrovitig t lie living statndards of' 
low-incone people atid fibi nmking their develol)tett self'-sustaihing
(Uia I.ele 1975, I).M. Nanjitllappa 1981). Cent ral to this process are the 
desired society and alternate lii -stvles as cotncei 'ed by tile client grottl), 



the priIlcilpI coOsilnlers oft le dvelope C ltI Iia i iItIIs. I lardlv ally wIrt h
while research is available oil Ihis slli ect. 

Etergy is dl-pervaIing: it is a lro(tuctive lator ill 'l )h)Vtiieint
and i Inc e-g_1i'riing veIII Itres as well as bIsic IIced services. Li1iergy 

aund rural (level)ment. t leu, make tp an integral package, not isolated 
itIlcns 1' Services. F:lerg ' is ()IIC iIIl)I lta tll cmIIpolielIiIt ii thc 11al '-.rui'fv

p'r.no systeIII, I Ie svstcI I slti(led iii t ,ac'I ch etineitydel))ment block 
(escrihel liercill. 

Il thelciter of, this systen: aret, /wrnsos. hev( deflitd as afdlht iiales 
and fliailcs, aged liaes ,Mil feli.iales, cfhilhii., am (hcsititlts ill the client 
groupfi. ,.\'Nin, f)r(,Sc'lts 0)c a(I\l-I.itic relationship bet\elile(')svsiiIll, 
liotic and ab)io tic systems, ill which rural feeloh)timenit shotild take )lace. 
\Whel a pct'soli uses niattire to lmeet his teeds, latrtirc t ratislrmits itselfto 

natuoral resources. ile in ii tmlalv (pclndtcxl j)co)fIc living ill each develop
etett area colistittite Ilte iI'J. Ilthie rights of inial are to be preserved 

(Pierre 11),ascreau 1970, tI'N 1978), tilie interrelat ionships if lpersot, 
iiartH'e, anil socici 'tiist le intelligetly :controlled. licIiological 
illtervelItioIns occIlr htweeti society andl iattire; orgaiui/.aiioal aii(l 

f)sycfi(isocial interventiots betweetll Person andl soiciety; biophysical 

iIiterventiohns hetceI lfctsoiiai(f nllall e. 
This s\'stemi shiould address the solvilg of aritius vulnerabilities like 

fa'tllitlie. and starvation, thirst, el)i(elics, lack (ofeiiergy i csouirces, an(f 
social con'licts lby sct' uriing fbasic liieeis fr 1all peo)lCe. Il'stead olbeing 
highly v'tIlietalIc, Itli s\ sitill shomll he self-stufliciellt atid self'reliait; 
it shold have a high degc f Atiionomiy(attoililoii. a;lls using local 

resources for loca rural (fevelopiliciltt, ('()tclt itlg the widespelcad appli

cation of+graltls, subsidies, and bImtctaucrttic andf political allvom)itismit that 
often act againist he spicad of1iillci;o!lv viable, eco iomicalv feasiblc, 
and socially ciiiLilglul rural d(evelofi.lFiit pirojects. Mass partici)ationi 
of focal people responsiveto ecosvsteli ofeveloltit c.amitreis tcliell 
tm'en(d of oepcleidcny oi iiportd Iuels aid te('Ill()Iogics ;an( ott pio)h'ifr
atitig btireaticratic iistit utions thfiat curb local iiiit iati'es anld ohetl 
disregard t lie local interest. 

STUDY APPROACH AND EXPERIENCE 

The research statrtedf wit Ii gro()up mctings at all 12 panclyals o* 
Mahliar block. ()nlv the ()ne trba area iii tile block had no meetings. 
The short-tert initent of' the pro ject was to) st uldy, plan, and imiplement 
action progratis. "Fhe ong-tern initerest was t( (evelo) iri)tts for 
policyiiaking in rural develop ient. These ]ilichiayat nicet ings were 
utilizcd to indcrstalid local problems so that tile research c.uld cotceti
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trate on these issues and research instruments be designed. Panchayat
meetings also provided an overall view of'the political structure of the 
block necessary for initiating ftirther studies. 

Sixty-one populated and seven depopulated villages are located in
Mahnar. The people engage in 50 diflerent occupations; 46 castes are 
represented. The project was discussed among a group of',1tkh Va and
Sarpanch' and at a larger gathering of important local leaders in each 
panchayat. Bridges of' understanding and f'riendship were built between 
researchers and tlie villagers. Problems posed by lie local people enconi
passed several sectors of rural econoniy and social services. An alternative 
energy source for-lift irrigation and reclamiation of floodable area were 
proninent almong them. 

The underprivileged people in the panchayat communit, although
present in these meetings, were the least vocal group. There'fi-e. it wasnecessary to identify problems of'specific groups in addition to the 
collective problems. St udy of'the st ructuie oftcooperat ion was also
 
necessary as well as tle potentials forli proioting and st rengt heniig
 
collective action.
 

Next, in-depth interviews were conducted amnong officials and non
ott'icials responsible for providing government services. The officials 
interviewed included t lie block's development oflice; agricuhIt tre oficci;
veterinary ofticel; educational officei; public Ilea I,Ii doctors, bank man
agers, engineers, wholesale merchants, and bus owners. The household 
census of' heir own villages became Ie iresponsibil ity of't he volunteer
 
workers (educated u nero ployed).


In order to develop diii(leistaiiding of'iiil'al living platterns in the;e

heterogeneous blocks, 
 lie 'esearch team prepa:ed three quest ionnaires
 
corresponding to Ilie matrix person-nat ure-societ v. Every pc 
 :n was
covered ini a comprehensive household census. Ed ucated unemployed 
people as well as local leaders volunteered to help wit Ii the household census without any remuneration. About 200 voltnteers cale from
difierent villages. Depending upon their caste background, they were 
chargecd with the hamlets or villages where they lived. 

The content of'the questionnaire was mostly [iactual: existing prob
lems, assets, resources, basic needs, demography, production, and income 
and expenditure. The last two kinds of information were harder to 
gather. The prestructured household questionnaire consisted of' 118 
variables and more than five comptter cards pet household. included 
were household identification; famnily type (nuclear, joint, or extended);
type of residence; ownership ofland, vehicles, and animals; land leased in
and out; land sold; and land irrigated. Also included were use of fertilizer,
seed, credit, loans and sources; crops cultivated, produced, and sold; and 
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household and agricultural expenditure. I fltormation was gathered on 
implements owned, time spent to collect water and fuel, and drinking 
water source and movements, as well as age, sex,employment, religion, 
caste, occupation, income, and disease. 

Nature was studied thiough a village questionnairc and by iiaps. The 

village census was the resl)onsibility of' village-level worke; panchayat 
workers, and sectoral officers. All of them were trained and supervised by 
the research statl'. The local workers collectel information with the help 
of health, educational, agi'icult ural, veterinary, and revente staffand 
supervisors. These local officers uncovered several primiary In forniatioii 
sources, in addition to secondary data they alread,.' maintained. Second
ary data included village a ca and population: service facilities; people's 
distance from and moveinent to facilities; roads, linkage, and geographi
cal features; and land uitilization and irrigation. Crops and yields were 
noted as well as marketing, utilization of agricultural inputs and loans, 
employment and wages, statistics ab i t st tidents, literacy, bir'ths and birth 
attendances, death:i, aid vacciliations and imiitillizatioi. 

Society was st tdied by means cltalnost daily ineetings of ,fficials 
and survey stupervisors. Each panchayat was viewed as a poll .,alarena. 
Patterns of leadership and the nat ure of' political groupings during each 
panchayalt election were st udivd as well as the nature of caste or class 
politics. The samiie topics wvre stud ied related to block samiti (council) 
and s: ite assembly electioi s. Aspects of socioeconomic dependency were 
st udied wit h special reference to the 'a/'mantPsystem, caste, and class. 
Sources of'cooperat ion and con flict aiong various sect ion, of society 
were analyzed. 

Casual meetings at the Mahnar market place and at the. andalia Bazar 
during tile ,ilc-mnolt Ihfield st tidy yielded stifficient historical details 
about elections ;lit lie assembly, at the block satniti, and for tlie pancha
yats. Analysis of'thost ,.-'crviews together with t lie household censtis 
provided stifficient data to study the local power structure, and its 
fictions and conflicts. 

HIo-sehold questionnaires were printed for Malnar block hy I)ecem
ber 1979 and the interviewers were trained thoroughly in their use. The 
project had oneJeep and wo motor bikes. The bikes were of great help in 
approaching villages on ;ioiijeepable paths. More than 200 interviewers 
were contactod almost e\ery day to scrutinize, collect, and often return 
Jhe questionnaires for clarification. Filling in 10,200 questionnaires took 
about seven months (oteimonth more than estimated). About 80 percent 
of'the work was done by local people; the rest was completed by the 
project stafL 
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No uniforl restilt cmcrged frjoin the research strategy of' household 
census. III certain pIIIclayats, the level of cooperatiolI was high, but often 
it was rat herHw. Student vol ItteCes from one local College at tended 
trainIfing wit hf great inItCrest and l'IlIire, hIut they were t lie least eftctivc 
inl covering v'illages allotted to them. Many oltIIIteers quIit: only about 
olie-lialf of those who atienled trainig comIfleted the work they had 
undertaken. Some voltiteeirs lost (Iest holnaires o Ileft a village without 
safeiguarding papers. Il several paihavats, tle ,'ukliyaaccoml)anied
interviewers Almost daily to sutpervise their work. Elsewhere, NItukihyas or 
Sarlpanch were not as efc<tive. In addition freqentllc l.,tivals lial)pered 
progress.Even so, tlie- survey was Ot lompleted[ more or ess ol tifie. 

This survey applroach was successhl because 

1.A com)aratively high number ofteducated iiiemiplod youth in 
Mahinar block volhuiteCrcl to suLpport ti is work. 

2. The iopulation was dense and t lie block was characterized by 
large, compact villages. 

3. At least two nienibers ofit hle research team were natives ofit he 
st udy region. ()ne member beloiged to the block and was 
politically actlive. Illispast association wit h the local residents and
their leaders helped enormously in getting local cooperation. 

4. The daily contact with all tile nearly 200 imerviewers made 
possible better relationships witli the \illagcrs and helped thesupervisors ),nrticipate invillage social activities and define some 
of'thei r pressinug problems. Ilth is process, the st udy achieved 
one ofits secondiary objectives by Coi Iribut ing to tlile establish
ment of a few schools and one collcgc in t lie lariiarganj 
st Iily area. 

5. The questionnaire took oilv 3() minutes to an hour to cOilipelte, 
was simple in itself'ald, since tlie intiviewer was tistally from 
,hc village, interviews were easy to administer. 

6.Volunteers easily established good ralpport with respondents since 
they both were residents o lthe same village and usumally were 
from the same caste group. 

The experience of IPilot Research Project in Growth Centres conducted 
by the Government of' India during the Fouithl Plan period in 20 blocks 
widely distributed over the count ry guided the village survey strategy and 
tlie questionnaire's design. One research team member had had experi
ence in that polject. 
The household questionnaire was coded by trained project suff for 

Coiil)titer analysis by block, panchayat, caste, landholding status,and 
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income group. Nianual analysis of village and society questionnaires was 
possible because the units of analysis were fewer in number 

General problemis of dat a collection were as ftollows: 

I. The unconventional survey strategy meant that the content ol lie 
questionnaire had to be kept simple and factual, not attitudinal. 

2. 	 Reliance on voluntary data collection meliat that interviewers 
were not experienced and their out piut was not st rictly controlled. 

3. 	The progress of'su rvey work was slow. 
4. 	Editing and coding questionnaires were time consuming. 
5. 	The cost of'making the survey was reduced :onsiderably by using 

volunteer interviewers, but more intral)lock travel was required 
because they needed greater supervision by the more expel i
enced researchers. 

6. 	Management and analysis of t lie more than 160,000 computer 
cards from t lie h)IsehOld censis were difficult and costly tasks. 

The strategy for survey research used in the second block Hariharganj 
was the same as for iahular block, but iiplenientation diflered some
what because oft he nat mre of the st uly area. Ilarihirganj is two and one
fourth times larger illareat thai Malinar and had three 'times as ialliy 
villages. In HIriliarganij, the vla;;ges were generally small ill size, many of 

them in f(rested areas. Lack oftroads made many of tI iem inaccessible. 

'I,'o out of the II pal tchayats were cut of]'diring the rainy season. 
L.ow overall educational develol)ment in the area made difficult tile 

identification, recruitimenit, and training of'enough elucated Uneii
plye( people to conduict tlie h)Lsehold census: howeve; their dropout 
rate was very low. Firthe; inaccessibility of the villages prevented con
st ant sui)ervision. Village and panchayiit officials supervised by block 
develolpment officers spent several days and inights completing their 
work. Research workers, toget her with the few available educated volun
teers, visited various pamchayats and worked together to complete the 
household census in time. The survey of about 7,900 households and 178 
villages started iinAugi st 1980 was con)pleted by November 1980. 

NATURAL ENVIRONMENTS 

The first study area, Malinar block, is approximately rectangular 

shaped, 18.5 kl north to south and fromi 5 to 8 kill east to west. The total 
population of the block was 65,390 in 1961 and 79,150 in 1971. Exclud
ing the turban center; Mabna, the total rural population of Mahnar block 
was 64,300 according to the 1980 household census conducted by CSDS. 
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Land and Water Resources 

Baya River cutt ing across Ma hnar block on the north and (;anges on
the south fHood, swell, and spill over inlto the shallow plains an nually. This 
process removes tie rich top soil aild watetlogs Iliore thanl 30 percetnt ofthe cultivable land for three to ix oitlhs t(odeptls o52 to 5 kbe. Eighty
six percent of'the rainfall occurs "roin May through Selptembe; all about 
6 percent in October l)epletion of tree crops for firewood and Iliak offorest areas accelerate the process of soil deplet ion. As of" 1980, irce crops
and groves covered only 2 percent ofthie land in Malilnar. Seven pertent
of Malmar's 24,800 acres are lar-c-.l (in I larilhargalnj, 3 percent is lion
cultivable). Even so, rain fall (list riuIltioi and land caracteristics make 
Mahnar a richer area. It supports more peoplh_ ill larger settlhements than 

lariharganj. 
About 71.3 percent of the Malmar area is cultivated and another 7.3
 

percent iscultivable. Close to .t7.5 percent of that land is planted more
thai once. Paddy is the mijor crop, anl wheat and mai/e tbllow. [len
 
come tobacco, chillies, gram,swvee, 1o(
potato, otnion, pota ut,vcgtahles.
Notirrigated cro)ps,such as sweet p)otatoes, larclcv atld grams have olrte
 
area than irrigated crops,such as onliotis, potat es, and chillies. More
 
paddy aild Ilaize is nlonirrigated t han irrigated. I rrigatlon shotld
stipplement rainfall fOr the secoid and third crops. Bt evell though
about 20 percent ofhlie area is litted with irrigation in friastruct ire,only
about one-half'of that area is irrigated more than elice. Surfitce irtigalion
atomts to 306 ;tcres of land: a simall percltCage c()timparlCd with tile
 
undergroutd potcntial. Well develo ,mtent is discussed later in 
a section
 
on energy sourceS al colli rivers ( ;Illg(es anid Bava irrigate
cst ritts. 'lie 

236 acres, (/aur (seasonal po(d or lake) irrigates .10 acres, atndl
7 tanks

irrigate 30 acres of land. Power shortages caused by electrical cutbacks
 
and shortages ofldiesel 
 Itel as well as iecutinug flooding all cottribute 
to the low utilization figures fiOr tile existing irrigation Ill frastrnct tire. 

The seconl st udy area, Harilharganj block, consists of*22-] sq ki. l'he
maximum length of the block east to west is 241 km andI breadth north
 
to sotith is 14.4Ikill. It is irregular in slape wit It several protruisions. An
entirely rural block, I lariliarganj had a population of 51,060 by the 1980
CSDS household censtls, it.:-:'u.':se froi 39,36()0 ill1971. This block is 
divided into I I gram panchayats, which 'arv iingeographical area froni 
1,021 to 7,524 acres. Whereas Malhar sLifthrs from an nual floods,
1-ariharganj isbeset by periodic and seasonal droughts. Still their average
rainfall difters by only 2.4 nm. 

Raini'all ill Hariharganj is totally dependent on local condiiions and 
local winds since the district lies within tile ret reating ratige oft he 
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soutlhwest monsoon. l)rotughts, famines, alld scar(ities have leCn rc
cordd for Palanmau (listrict over Ihe p)ast 120)years (I).M. Singh 1978). In 
Hlarihlargai j worse (Irtoughts arc caused by 1.itIhItire of'haihia (the last r;tiii
 
ol'the year) t Itiai by insulicietnt seasonal and aIIItal raiIs (IG)l.Planning
 
(:onmission 1973). 1lilttia faiIc ()ccurs a botIt every 1cc years: nioder
ate (IrotIgllts occr al)oUlt every Iwo and one-half a l's.
 

I larilhargaI Ij isessentially a slbsisteIwc agricult ural ecotvy where
 
iniiIly paddy, inai.e, wwheat, gran, an aar (Iiises)
rh IIe grown. CaIc 

sttgar and vegetaibles are also) grown. The net ara sown isoilv 32 per
cent; area sown move I ali oncc is 8.9 percen. Nonirrigatted (ltivatioi is 
more prtominent. Area irrigated is niN, 10.7 )ercent;area irrigated mo'e 
than once is only 2 pertcet. Irrigattion is iiaiilr uisel to stabilize the khaif 
(inlutsoon) crop folnt halt Ilia Laili rc. silte I hlcV requic only low aiiotints 
of water, grain, ittail, and arlhar calt hc :rown as raill-1iCl crops, although 
yield w'ouild lbe tmargillally low. 

Initlnihargan.j, 38 percent of tlie land is forested. lorest ry, then, is lie 
most promitent land ise. V"ilike ilMathniu ,supplies ofI'irevood and 
commtiiiectial vari'eties of titiher are audtanlatt, but then the area let 
available for ettivationi is limited, and existing laws do not allow changing 
land use. About 21 percent of I1lrihiarganj wis Illow in 198); another 
I0 r(cnt htd bcen Iallow lt soime t inte. flhc arca's abundant wildlife, 
such as wild pigs, Indian lox, sainbar, and bison, constantlv (lestroy tie 
cult ivatlcd land, but laws prohibit trapping or killing wildllite. And t'actors 
like these make fariters reluctant to invest oil agriciittllnal iltlprovetlellits 
such as irrigation facilities, fertilizet; tl l)sticides. 

Animal Resources 

lable I gives the ntmber of livestock available in .\ahiarand I lari
hargauj blocks as of 1980. 1lariliarganj, wit It more t han twice t lie area of 
Maliyiar and with fewer people iinsmaller setllements, has aliutost twice 
(1.9) as many an inial resources. Bllocks, goats, and cows are the tiost 
common aninmals itnboth blocks. (;ots generally are reared )ythe 
landless, marginal, and stiall-scale fhiriners and are sold ii the tmarkets. 
Rearing goats for sale is an unacceptable )ract ice f<or rich farners. 

High suitnlter temperit ires )utl green fodder,so sulplplies for cattle 
ale tisuially inadeqtuate. It addit ion, nut rietts generally are not titilized, 
so inilk yield is very low (I to 1.5 kg/day) for hoth local aid improved 
varieties of cows atid I)ttilos. Even with a great deoutand frti milk and 
milk products,no dairy COO)peat i'Ve or chilling plant has been plane(l. 
Programus exist for tiat ural inseminatiot of cattle with iil)rove(d bulls, but 

poor upkeep of aninials keeps ililk yield low.lItaddition, poor livestock 
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TABLE 1. 
Livestock, 1980
 

Mahnar Hariharganj
Lives tack ____________________________ 

Number Percentage Number Percentage
 

Indian cow (milching) 1,237 5.8
 

Improved cow (milching) 
 98 0.5 5,972 14.9
 

Cow in dry 652 3.1
 

Calves 1,009 4.8 1,989 5.0
 

She calves 
 844 4.6 2,884 7.1
 

Indian buffalos (milching) 932 4.4
 

Improved buffalos (milching) 176 0.8 2,852 7.1
 

Buffalos in dry 938 4.4
 

Buffalo calves 570 2.7 956 
 2.4
 

She buffalo calves 
 808 3.8 1,521 3.8
 

Bullocks 7,147 
 33.9 9,115 22.8
 

He buffalos 401 1.9 244 
 0.6
 

Goats and sheep 4,776 22.6 8,755 21.9
 

Hens and cocks 1,373 6.5 4,147 
 10.4
 

pigs 
 151 0.01 1,509 3.8
 

Others 
 0 0 91 0.2
 

21,112 100.0 39,985 
 100.0
 

Source: CSDS Household Census 1980.
 

Note: According to the 1977 livestock census, 42.7 percent of the cattle
 
were in milk and 3.1 percent were improved cows. Dry cows made up 54.2
 
percent of all cattle. In addition, 50.5 percent of all buffalos were in
 
milk and 1.3 percent were improved buffalos. Buffalos in dry made up 48.2
 
percent of all buffalos.
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quality and low yiells of'cattI inltroduced Iythe Initegrate(d Rural 
)eveloplct Prograiii have' limited Ile prograi's success. 

PERSON, SOCIETY, AND RESOURCE DISTRIBUTION 

From ancient timies an area of religious significance, today, Bihar has a 
caste-dom inated political ecC)flOniii. 1e 45 eninierated castes have been 
grotiped into nine categories ('lable 2) based on relative caste stattns and 
occupational silI ilarit ies. Ilie evident political and econoinic polarization 
means that Iigh stat isI lii(l Lcaste groups and rich farmers can eftec
tively take lisl)ro)ort ionate shares of gov-c ninent credits, subsidies, and 
other bellefits.
 

Demographic Characteristics 

l'ollation statistics by age grouips have a similar ratio in each block 
(see able 3a). Neither block is close to its enrolnent goal of"90 to 100 
percent fo" primary school and 50 percent foir middllc school. More 
emale than male students drop out iinmiddle and high school especially 
in I larihargan j. Indeed, !iteracy'peicentages show many more adul 
female illiterates than alult imak illiterates (see lable 31). 

Il Malinal; lemale deatls (Idiring pregnancy and ciild birtll evidenced 
in sex ratios mean Iiiore assistance is neetlel-firom sublihealh centers. In 
I larilarganj, Ile higher rat ioof illell l)robably is(lue to otlt-miigratio of 
working-age iua!es. C:hild laborers iiake uip , to 5 percent of lainlless and 
marginal farm failies ill Mahna;; and I percent of small-scale and viable 
firi frmniilies.' In I arilia'ganj their number is negligible. More people iin 
Malh nar (3.1 percent) suffere(l disease tihan illIariliarganj (1.9 percent). 
Fevers were most fre 1uent. AsI lla, nialaria, anld I uberculosis were also 
frequent. il bol ) blocks, coniiunical)le and enivironental-based 
diseases were encountered frequently. 

,Major i)rioary ccupatioins ill Maliar aind larilhargaiij were calcu
lated From results of'the CSI)S household census (see 'able ,4). The 
percentage ofpopulation with secondary occupations in lHariharganj 
(12.3) was higher than iii Mahnar (5.3) largely because droughts in the 
southern block aftlct primary agricultural occupations. 

Productive Assets and Technology 

The existing (listribut ion of productive ass.:ts, technology; and equip
ient indicates past t rends in rural development and can be examined to 

suggest possible direct ions of :'hange. Ifthis (listribut ion iscompared to 



TABLE 2.
 
Landholding and Social Structure of Study Blocks, 
 1980 

C-ste and Relieious Crouns
 
Upper Business 
 Upward Service Low Scheduled Scheduled Muslims Not TotalBrahmins Castes Castes 
 Peasant Castes Castes Castes 
 Tribes 
 Available
 
(Rajput, Proprietary


Landholding Groups 
 Bumihar) Castes
 

Mahnsr
 

Landless 0.2 0.6 2.2 3.3 
 4.8 4.7 20.3 0 2.1 -- 38.2 
Marginal Farmer 0.9 2.0 0.8 8.2 3.7 2.8 6.3 0 1.4 -- 26.1 
Small-scale Farmer 0.7 3.1 3.6 4.1 0.6 0.2 0.3 0 0.1 -- 12.7 
Viable Farmer 1.8 9.5 1.4 
 8.3 0.5 0.2 0.4 
 0 0.2 - 22.4 
All Households 
 3.6 15.2 
 8.0 23.9 
 9.7 7.9 27.3 0 3.8 
 -- 99.4 
Total Land Owned 6.9 44.4 6.7 33.3 3.0 1.3 2.8 0 1.0 -- 99.4 

arihareani
 

Landless 0.1 0.3 4.6 1.1 2.7 0.2 18.5 0.1 4.0 -- 31.6 
Marginal Farmer 0.4 0.5 2.2 4.7 3.9 0 13.8 0 0.8 -- 26.3 
Small-scale Farmer 0.4 1.3 1.7 5.4 1.9 0.1 5.4 0.1 0.4 -- 16.7 
Viable Farmer 1.1 8.5 1.9 9.1 1.7 0 3.0 0 0.3 -- 25.6 
All Households 2.0 10.6 10.4 20.3 10.2 0.3 40.7 0.2 5.5 -- 100.2 
Total Land Owned 3.3 42.2 6.0 25.5 6.0 0.1 15.3 0.2 1.3 -- 99.9 

Source: 
 CSDS Household Census, Hahnar and Hariharganj Blocks, 1980.
 

Note: Figures are in percentages. The landholding unit of marginal farmers is less than
one-half hectare irrigated land, of small-scale farmers, one-half 
to one hectare irrigated land,
and of viable farmers, more than one hectare irrigated land. (One unit irrigated 
land equals

two units unirrigated land.)
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TABLE 3a.
 
Selected Demographic Characteristics, 1980
 

Characteristic M (%) H (%) 

Age
 

0-5 (infants) 15.4 19.7
 
6-15 (student age) 23.9 24.0
 
15-59 (working age) 54.9 50.8
 
60 and over (aged) 5.6 5.4
 

Females (per 100 males)
 

15-45 (reproductive age) 118.4 117.1
 
46 and over (after reproductive age) 116.7 120.1
 

Primary Activity
 

Minors 
 26.7 33.6
 
Students 
 15.4 22.5
 
Household work 
 24.2 22.5
 
Work outside home 31.1* 
 30.8*
 
Retired and unemployed persons 2.6 2.7
 

TABLE 3b.
 
Selected Educational Characteristics, 1980
 

Male Female Total 
Characterictic 

M H M H M H 

School Enrollment+ 

Primary 
Middle 

46.3 
37.0 

36.5 
20.4 

41.9 
25.1 

21.2 
3.0 

46.j 
32.5 

30.1 
13.6 

High 8.0 7.1 4.7 1.1 ;.0 4.7 

Literacy Rate 40.4 37.7 19.6 11.4 34.1 26.0 

Source: CSDS Household Survey, 1980. 

Note: M - Mahnar; H HHariharganj.
 

*In Mahnar, 5.3 percent of employed persons had secondary jobs; in
 
Hariharganj, 12.3 percent did.
 

+Figures are number of students per 100 school-age children.
 

existing rural sociopolitical structures, differential holdings of assets by
different groups are revealed (see Tables 5a, b, and c). Such differences 
are associated with technology attributes such as size, mobility, cost, and 
labor-intensity. An understanding of these attributes may open ne iv 
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25.1 Rural Energy oNMeet I)eveopinent Needs 

TABLE 4. 
Major Primary Occupations, 1980
 

Landless 	 Marginal Srn1l-Scale Viable
 
Farmers Farmei~s Farmers
 

Occupation 	 M 
 H T 	 H H H h H 

Agricultural Laborers 21.0 17.6 
 5.9 12.8 - 7.1 - 1.9 

Loaders and 	coolies 4.2 1.8 0.3 1.2 - - -

Artisans 
 1.8 1.6 - 1.4 - - -

Sharecropping 
 -
 2.7 - 2.9 - 1.7 

Petty shopkeepers,
 
services 	 1.0 2.9 - 0.7 - 0.6 -

Cultivators 
 -
 - 11.7 7.7 18.5 14.4 * 22.8 

White collar workers 
 - - - - 3.1 - 1.3 

Professionals 
 - - - - 1.3 0.5 * 0.9 

Transportation
 

workers 
 - - - - 0.8 0.6 * -

Source: CSDS Household, 1980.
 

Note: Statistics are percentages. M = Mahnar; H = Hariharganj. 

*Percentages were 
calculated together with statistics for small-scale
 

farmers in Mahnar.
 

pat hs by wiici intended )neficiaries of development can gain access to 
produc tive assets. Knowledge Of'such o)portiunities is important in 
Sit uat ioIIs where the polit ical StructtnrCin power may tend to protect 
its grouI) interest. such as caste and size of landholding. 

A sinall percentage of the landless people own tratditional agricult ural 
implements such as bullocks, plough, harrows, and even persian wheels. 
These resources are used to cultivate leased land or to assist landowning 
farmers. Since only a very small numberof landless hIm ilies lease land, 
use ofagrictiltural inputs is also limited, and only one or two of every
1,000 use them regularly. More of them farm without ever using such 
inputs. In addition, more landless farmers own bullocks than own agri
cultu-al implements: one in 50 in Maihnarand one in 23 in Hariharganj.
Those farmers nat urally are more employable. About 10 percent of the 
landless group took out loans to obtain capital assets. In Mahnar; the 
source was aliost always mlloney lenders, but in lariharganj, money 
lenders and other institutional credits were tised almost equally. In 



TABLE 5a. 
Ownership of Agricultural Equipment and Bullocks by Landholding Group. 1980 

Landholding 

Group Ploughs Harrow 

Other 

Traditional 
Implements 

Persian 

Wheel/Rope & 
Bucket Lift 

Electric 

Pump Dicsel Tractor Thresher 

ImFroved 

Plough Others Bullocks 

Mahnar 

Landless 1.9 1.7 0.8 0.5 0 0 0 0 0 0 1.9 

Marginal 
Farmers 30.3 27.4 7.1 7.6 0.4 0.8 0 0.1 0 0.1 28.0 

Small-scale 
Farmers 74.5 72.3 20.7 32.4 1.5 4.2 0 0.1 0.1 0.1 69.3 

Viable'& Large
scale Farmers 75.5 76.4 43.4 49.0 10.7 12.7 0.6 2.3 1.4 0.3 87.5 

Harihargani 

Landless 2.9 2.4 0 0.3 0 0 0 0 0 0 4.3 

Marginal 
Farmers 48.1 44.8 1.5 5.5 1.4 0.1 0 0 0 0 50.1 

Smal-scale 
Farmers 80.8 78.3 4.2 20.0 7.8 0.1 0 0 0 0 82.4 

Viable & Large-
Scale Farmers 66.9 81.8 8.4 40.5 29.7 4.1 1.1 1.0 0.1 0.9 94.0 

Source: CSDS Household Census, 1980. 

Note: Figures are in percentage. 



TABLE 5b. 
Distribution of Use of Inputs, 1980 

Landholding Group 

Chemical Fertilizer 
Regular Some-

Use times Never 

Improved Seeds 
Regular Some-

Use times Never 
Regular 

Use 

Pesticides 

Some
times Never 

Percentage 

Mahnar 

Landless 

Marginal Farmers 

Small-scale Farmers 

0.2 

7.1 

7.7 

1.8 

40.8 

69.4 

17.6 

12.4 

4.9 

0 

4.3 

5.6 

1.7 

40.1 

68.6 

17.7 

15.1 

8.0 

0.1 

3.6 

4.4 

1.3 

30.7 

59.0 

18.0 

22.9 

16.5 

Viable and Large-scale 
Farmers 13.5 79.5 1.8 10.2 80.5 3.7 7.8 74.9 10 5 

Harihargani 

Landless 

Marginal Farmers 

Small-scale Farmers 

0 

0.4 

1.7 

0.3 

17.9 

38.6 

1.8 

46.2 

35.4 

0 

0.4 

1.4 

0.2 

13.8 

30.9 

1.9 

48.6 

40.0 

0 

0.5 

0.8 

0.2 

7.9 

17.7 

1.9 

51.4 

49.2 

Viable and Large-scale 
Farmers 8.2 60.9 19.6 7.4 51.1 25.7 5.4 28.7 45.0 

Source: CSDS Household Census, 1980. 



TABLE 5c. 
Distribution of Credit by Landholding Size 

Landholding Group 
Money 
Lender 

Credit: 
Fixed Capital 
Coop-

erative Block Bank 
Money 
Lender 

Credit: 
Onrating Capital 

Coop-
erative Block Bank 

Money 
Lender 

Credit: 
Nonproductive 
Coop

erative Block Bank 

Percentage 

Mahnar 

Landless 

Marginal 

Small-scale Farmers 

Viable and Large-scale 

Farmers 

10.5 

14.5 

9.9 

9.3 

0 

0.4 

1.8 

1.4 

0.1 

0.6 

0.6 

1.5 

0.1 

0.7 

1.6 

2.1 

31.1 

27.2 

18.5 

14.5 

0.2 

0.8 

1.7 

1.9 

0.2 

0.6 

0.9 

1.5 

0 

0.1 

0.4 

0.6 

22.2 

26.0 

17.9 

11.2 

0 

0.2 

0.2 

0.2 

0.1 

0.1 

0.4 

0.2 

0 

0.1 

0.1 

0.1 

Harihargani 

Landless 

Marginal Farmers 

Small-scale Farmers 

Viable and Large-scaleFarmers 

5.1 

6.9 

8.4 

9.3 

0.5 

0.6 

1.3 

2.4 

0.2 

0.5 

1.2 

2.4 

3.5 

2.8 

6.6 

16.9 

3.4 

3.6 

4.4 

4.4 

0 

1.4 

2.1 

6.0 

0.3 

2.0 

3.7 

7.5 

0.3 

0.5 

0.3 

1.2 

47.9 

60.5 

58.2 

47.1 

0.3 

0.2 

0.3 

0.4 

0.2 

0.1 

0.-

0.3 

0.2 

0.1 

0.2 

0.1 

Source: CSDS Household Census, 1980. 

UZ 
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Malullr mnost ilandless watliedllont,,cvto Ittcct rec'urring c×]pctlditttrc-s 

aili social (liolproducti'c) cxell siuch ais Cit h,ittuVS Iariiaigc .uiad 

(tC 'CiI+({11it'S.
 

Sigililiillit iliCI'S M gi iais owvn bullgoks natital- r0 1, ii,, i ind o 

;IIIil l tctpiI-acd mttl ' is I l wheels,
cul t /- lllaghs, itl)iaiih tvi,oral 
and other aditili al iii)hci llts,it 

I hit herpiop.l i i Isthan il MahnItr block..Aiolitc 
iI 

bl'icsc lcrs,iIutlikcf ihai'giothteI ll'm-er iltr i
 
1,(ICllSS. ;.1St, ck, ald (Ilcscl-1-ti1 equfipmnIt ( I .Ito)0. 1 petrcent).
0WH,' T'tit" 

As with landless loti~sctols, motst iularghlla] ftrliitrs gt Iohmns fro<m
 
Ilonc\,klenders to,Ilctt r l.,-iligl CNI)CtIlIhllt'CS .111d
lillIlll <ni+<, t('i'
 

Xsl Itt( thI terl t. )itls to )lt aill alItugIi s, bi y o lnt'tihe lc c litilmlit. 
I Iligc")cl. I t)cnsagcis, wist'im ' )Wlto i t.'ll i nss a 5l5ic rs aigrit't ilIcim 


iit _ ll Uo m Iliest lion
Isiagri ctli Ill25 icredits. MorceIlitS if i)rt'irs
b~ulhlocks and~ lbidlho k-drh i l licr-li ft III$-, devi(cs Ihaill do<marginl 

sia;tt'liS' Ip t'l ( htsc ciht'tlirifIIIim llatgiift'h'i lrIllers owi piiils Uld, i
 
Mait;ii dieselpu i ldetIi islocated ill
cx lls. lII I faihii.iigar liii,dies it
 
a(ca anid sl i kC V H0 i - Cll l--tltl 'SMidl iiicshc S
n Iti I\;i1;hl It'[) ic tFiC 

also wer ill liut'ed Su ly.
 

, 'iuiihh' t'i hIS,-to liut' olt l lloc tks,hu cl t '-r 
iii l ou r s. it \e i t 

.lhst i orcls i lt'gk-dhi w 
ih ghs.Si illdl wt' lFt'it'1 +WIIs jIiii iiav ilablc ,nni li 


illi i li s tl' jllsillIblolas,aind doug ill t'c +o S ill
ll'IICIa 
ILirihargltog scts sariiowc bs\ olit.is c ight \i tlt i ih'IlrslDiese laiii 
illMalmu III(l iit' ill25 illI larihrgu ilendr' c reai stli .\ ,llt asils h
viab i'h~lti-mes. L.essthallI 20 p cnt loht hcin list- c'redit for call:,ti andt 
r-cci'ttrrhtg CXpl)ll1ittves. III I fairihargaii!j, (-rcedit froml banks is MO>RI 

IlllltV Iclilcls -- ri(qllI)llhall opilp<silc I()tIhelt,]) itll M.[lhll .
 

liwcI lrai I Iei l tl erl'crtht'i~l i s iri cits t al ii a't' inidtls si as 
ihmprov'eiiit' sed lHimicr ;l1(1 lpst Wiarcs, rotirss lithssed earlier.
Morhi+c lt'R sl ce te lV~licntIe H SStl l +,U S. 111 .All, 11101C liltmr'+'\ Ilsee iR-1iI 
lIhemt st)IllillitCs. 

ENERGY USE AND CONSTRAINTS 

lItatbso)lult ltel'rms, cookin+g Iucl tolisthl micd the largest clic-gyv IC(Ilnhe
mtlleillIthese sl II(IN airea;s. l.'i1-wo)cd wIS Ithe i)ifiylul OflthclIII;j0I'rhy 
of lalltllhouseholdiS itllllb l loc'ks, mild cow. tig, the seco(<m nar fitcl. 
Althou~gh B+ihar"has va.t coal r LIlsenoct w\ideltspreadI~ illeitherlClllv's, its is 
bhlo'k beca'utse l'irewood eatsily va\;ilale,H has lbcctl ctlapl)Craild movet 

Cooking Fuel Sources 

For thie Illi<ority oftlandless t1-111ilics ill ,aXlaa leaves., arid twigs were 
the i ile priumary for>one-third olfthis grolp (seeul: tli-c\'wood wa';s 




TABLE 6. 
Cooking Fuelz and Procurement Times,1980 

Ladodnru 
Landholding Group 

PRIHARY FUELS 
ieodLeaves 

Firewood Cowdung Coal and Twigs Firewood 

SECONDARY FUELS 

Cowdung Coal 

Leaves 

and 1wigs 

TIME SPENT TO PROCURE FUEL 

Male Female Children Total 

Percentage 
Minutes/day 

Mahnar 

Landless 

Marginal Farmers 

33 

56 

C 

13 

1 

2 

57 

26 

6 

12 

9 

19 

1 

2 

15 

12 

I1 

11 

54 

34 

16 

14 

81 

59 

Small-scale 
Farmers 

Viable Farmers 

72 

-

12 

14 

3 

4 

7 

5 

12 

14 

36 

37 

3 

3 

9 

7 

9 

21 

19 

17 

5 

5 

43 

43 

Harihargan 
i 

Landless 

Farginal 

98 

99 

* 

* 

-- * 3 

1..*10 

* 

* 

* 

* 

31 

21 

16 

16 

--

1 

47 

38 

Small-scale 
fammers 

Viable Farmers 

99 

99 

* 

* 

-

--

* 

* 

19 

5 

* 

* 

* 

* 

33 

23 

14 

5 

--

--

47 

28 

Source: CSDS Household Census, 1980. 

Note: OtLer fuels individually accounted for less than 1 percent of primary fuel usage. 

Less than 1 percent. 
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Table 6). Women and children in tile landless group spent considerable 
time in collecting fuel for cooking. Wit h firewood cost at about Rs.40 
(US$5.04) per 100 kg, the main bwers of firewood are viable and small
scale farmers. 

In Hlariharganj, the 38 percent of the total 55,400 acres of land 
covered by forest is the main soturce for cooking fuel. Firewood is the 
primary fuel for nearly all families in the block. Poor farmers colhect 
firewood themselves, but landless people collect and sAl it to wealthy 
farmers. Firewood in Hariharganj was cheaper. It was n,,t generally 
weighed but sold per head load costing Rs. 10 to Rs. 15. 

In Nfihnax; collection of fuel by an average landless far m family took 
almost double (81 minutes) the time spent by an average '.iable fairm 
family (43 minutes). In Hariharganj, tlie average time spent was 47 
minutes for landless and marginal farmers, 43 minutes for small-scale 
farmers and 28 for viable farmers. (There, women and children probably 
were discouraged by forested terrain and the presence of wild animals.) 

Power for Irrigation 

The most important barrier for extension of land under irrigation in 
both blocks is the undependability of diesel and electric power for that 
use. In Mahnar, farmers use diesel sets more than electric motors, and 
diesel generators often are used as standbys for electric power. The 
numi'.er of diesel engines in -lariharganj is small because people have 
to go outside the block for diesel to augment the biock's limited supply. 
(The supply problem was acute as ofthe CSDS survey.) No petrol or diesel 
depot is located either in Hariharganj or Mahnar. The most dependable 
source of energy for irrigation is manual and aninmal power. 

Well types (see Iable 7) and depth of water table in the two blocks form 
a basis for analyzing these sources of po ver for irrigation. In October, 
water is available at a mean depth of 2.7 meters in Mahnar and 7.6 meters 
in Harijarganj. InJune, the depths are 7.3 and 10 meters, respectively. 

Mahnar has experienced an impressive buildup of wells (see Table 8). 
OfH -(eep tube wells, one was not in working condition. The unreliable 
power supply position has meant a bigger increase in diesel engines than 
in electric pumps. Construction of'dug wells has not increased over the 
last three years. 
The command area of'l aniinal-driven irrigation system is 2 to 3 

acres; ofa manual driven system, I to 2 acres. l)eep tube wells give a 
command area of 100 to 125 acres and diesel pump systems give 5 to 6 
acres. One well is available for every 13 acres average net area sown. Even 
so, only 20 percent of the area is irrigated and only 12 percent is irrigated 
more than once, largely because of a lack of energy. Several indigenous 

http:numi'.er
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1ABLE 7. 
Energ: Sources for Irrigation Systems, 1979-1980
 

Manually Animal Diesel Electric
 
Block Operated Operated
 

Mahnar 600 150 379* --

+
Hariharganj 350 479 42 381
 

Source: CSDS Village Survey, 1979-1980.
 

*57 in Hahnar tuwn; the rest in 5 panchayats.
 

+located in 9 of 11 panchayats.
 

TABLE 8.
 
Wells in Mahnar, 1977-1980
 

Type 1977-1978 1978-1979 1979-1980
 

State deep Lube wells 12 13 14
 

Private wells with diesel pump 361 365 447
 

Private wells with electric pump 113 113 124
 

Diesel pump set 321 331 375
 

Dug wells 1,428 1,428 1,428
 

Source: CSDS Village Survey, 1979-1980
 

bucket type lifts are used inMahnar (see Fable 9). Hariharganj has no 
deep tube wells. Major sources of'irrigation and acreage irrigated are 
given in Table 10. Landholding size and topography as well as energy 
source limit the command area. 

Bullocks, the main draft animal, operate persian wheels or rahats 
(chain lift open buckets). Rahats use two bullocks and irrigae about 1.5 
to 2 acres of land. Since available bllocks are underfed and of poor 
quiality, and uiilize no improved yoke or harness, they cannot work rahats 
over a long period, therefore, use of rahats has not become widespread. 

Electricity 

I 1971, 18 villages in Mahnar had electricity (including seven villages 
now designated as urban). That number increased to 25 (or 39 percent of 
all villages) according to the CSL)S 1980 survey, compared with 77 of 178 
inhabited villages in Hariharganj (43 percent). (Compare those percent
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TWILE 9. 
Most Frequently Used Lift Devices, Mahnar
 

Maximum Lift 
 Liters/Hour

Device 
 (meters) 
 (000)
 

Manual
 
Scoop swing bucket 	 0.9 
-	1.2 14.0 - 19.0
 
Circular two-bucket 
 4.0 - 5.0 12.0 - 14.0 
Counter 	pcise lever and
 
bucket 
 1.2 - 4.0 	 8.0 11.0
 

Animal-operated
 
Rope and bucket 
 10.0 - 30.0 
 6.0 - 10.0
 

Source: A.M. Michael 1978.
 

TABLE 10.
 
Sources of Irrigation in Hariharganj, 1980
 

Average
 
Acres Command Area
Source 
 Number Irrigated (Acres)
 

Wells and tube wells 
 654 1,306 2
 
Field tanks 
 215 1,316 6
 
Canals 
 5 300 40
 
River inlets 
 2 56 28
 

Source: CSDS Village Survey, 1980.
 

ages with the 40-percent goal of the Fifth Plan and the 50-percent goal of* 
the Sixth Plant.) In Mahnar, Palwaia panchayat (located in a floodable 
area) is the only I)anchayat with no electric connections. Although there 
are more domestic than l)tipi ) set connections, connection to a pump set 
often is a village's first electric connection (see Table 11).

Erratic and therefore inefrective electrical supply -esults in a 5 percent
collection rate and high arrears for the asjrica.itural sector (see Table 12).
No policy exists for coml)ensation by the agency to f'armers whse crops
fail because power is cut and water is not available at crucial times. Even 
with several deep tube wells and electrified tube wells, the cropping
intensity is only 121 percent and this cropping intensity rel3es heavily on 
animal, mantal, and diesel irrigatic.n power 

One significant reason for the erratic electric supply is low generation
and distribution capacities compared with connected loads. The Barauni 
thermal generator sul)plies power to Mahnar block, which has a distribu
tion capacity of0.5 MW but a connected load of 4.0 MW. Power is sup
plied in turns so it is not always available at required times. In their study
of Biha; the Central Ground Water Board (GOI 1980) reported fluctuat
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TABLE 11. 
Electrical Connections, 1980
 

Mahnar Hariharganj
 

Domestic 616 (381) 629
 
Come rcial 41 (242) 132
 
Industrial 13 ( 94) 29*
 
Agricultural 803 (967) 381
 

Total 	 803 (967) 1,171
 

Source: CSDS Survey 1980. Figures in parentheses, from Executive
 

Engineer's Office in llajipur 1979.
 

Note: Reasons for discrepancies in Mahnar figures are (1) pilferage and
 
technical problems caused 45 percent line losses and unauthocized
 
connections are usually domestic; (2) the EEO's list of commercial and
 

industrial connections includes Mahnar town; (3) some inactive agricultural
 
connections are still in the records.
 

*15 in Ararua and 14 in Hariharganj.
 

TABLE 12.
 
Monthly Electric Accounts, Nahnar, 1979 

Load Type Assessment 	 Collection Arrears
 

(Rupees 000)
 

Domestic 26 10 880
 
Commercial 50 30 680
 
Industries 200 150 2,500
 
Agriculture 90 4 3,000
 

Total 	 366 194 7,060
 

Source: Executive Engineer - lfajipur, 1979.
 

ing voltage and interrupted power suplly. This adversely affects agricul
tural production. Delay in electrification of state and private tube wells 
Forces farmers to use diesel engines that require more attention and 
relpairs. A current proposal would augment Barauni power generation 
to 300 MW (a 225-percent increase), but the existing gal) is 750 percent. 
Changes in distribution management must be accompanied by adequate 
generation expansion. Without reliable electricity, arrears will increase 
and so will unauthorized connections and pilferage. 

Kerosene 

Kerosene is used for doomestic lighting in Mahnar and Hariharganj 
blocks. Supply is controlled by the government and the fixed price is 
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Rs. 1.67 (US $0.21) per liter. It is nsed even in electrified households and 
shops because electricity is usually only available in late night or early
morning for agricultural purposes. Iong-term availability ofkerosene 
depends ulpon oil il)ort and local pIroduct ion. If sutpplies of crude 
import remain uncertain, other renewable lighting fuels will have to 
be considered for the villages.
 

Recently opened outlets within patchayats have strengthened the
 
kerosene distribution system, but tile profit margin allowed by the 
government is small. Outlet owners are required to accept delivery from 
district headquarters without recovering tile transl)ort cost in the sale 
price. Thus owners sometimes sell kerosene oi the "black market," so 
village supplies become scarce even though adequate allotments have 
been made. Direct delivery to outlets or more economical transportation 
costs would eliminate this important )roblem. 

Energy for Transportation 

Human and animal l)ower are the najor transportation power sources 
in Mahnar. Cycles and cycle-rickshaws enjoy wide use all over tile pancha
yats. Horse carts are available as shared vehicles between the Mahnar 
bazaar and tile r; . vay station. Bullock carts transport most of the goods

within the block. The very few auto-rickshaws (three-wheelers) can
 
carry up to eight passengers and their luggage. The buses are usually

overcrowded and many passengers ride on to1 ) where luggage usually is
 
carried.
 

Lack of a developed road network in I lariharganj has limited the
 
growth of transportation. Rickshaws are available at major centers and
 
cycles are com mon everywhere. The rugged topograplhy prevents use of 
bullocks. Diesel fuels large buses and minibuses throughout the block. 
(See also 'Fable 13 for vehicle ownership.) Vehicle ownership and owner
ship of multiple vehicles as indices ofprosperity show that Mahnar is 
more pros)erous than l-lariharganj. Inaccessibility adi rough terrains 
)revented the spread of vehicular ownership in Hariharganj. 

Energy Source by Activity 

Noncommercial energy sources are most widely used (see 'Table IP).
A MaXilunt amount of firewood is used, but renewable energy sources 
such as wind, hydro, audi bioniass other than wood are not used. (The Sun 
aione is used to dry chillies ;rmd grains.) 

Collecting cooking fuel, irrigating, and obtaining drinking water 
generally consumie the most time per year. Other activities are generally 
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TABLE 13. 
Ownership of 	Vehicles, 1980
 

Landless 	 Marginal Small Viable
 
Farmers Farmers Farmers
 

M II 	 M If M H M i
 

No vehicles 90.1 93.3 68.0 93.2 41.9 89.5 23.9 67.6
 

Bicycles 9.6 6.5 29.6 5.9 51.7 8.2 63.6 20.8
 

Bullock carts 0 0 1.0 0.5 1.7 0.9 2.3 4.3
 

Horse carts 0.1 0 0.1 0 0.0 0 0 0
 

Motor vehicles 0 0.1 0.2 0 0.2 0 1.1 0.4
 

Combination of 0.2 0.1 1.1 0.4 4.5 1.4 9.1 6.0
 
types above
 

Source: CSDS Household Census 1980.
 

Note: N = Mahnar; H = Harlharganj.
 

periodic. H-lumnan and animal powel; althoUgh reliable sources, are not 
used efficiently. They could be utilized more efficiently by using appro
priate technology. 

REGIONAL PRIORITIES AND 
CANDIDATE ENERGY TECHNOLOGIES 

Regional priorities and prospective enei'gy tcchnologies are identified 
by investigating the relationships between person and nature (land, wate; 
animals) and between each of those elements and society in each of the 
study blocks. Since floods in Malinar and droughts in Hlarihargalj lead 
to food scarcity, iialtit rition, and ill health for the people of both blocks, 
an integrated program of flood pre'ention for Mahnar and one of 
lrought protection for -Iariharganjare essential. In addition, irrigation 
and anti-erosion measures (against sheet erosion in Malinar and against 
gully erosion in tlarihargan.j) have received Inuch attention. Greening 
these blocks, then, is a priority: a threstry programl in Mahnar to protect 
land from floods and to increase fiielwood resources and one in -lari
harganj to counteract erosion. 

Development of' water resources, especially groundwater resources, is 
necessary to stabilize Mahnar's second crop and to raise a third crop. It is 
required to stabilize Iarilarganj's first crop and to fight against hathia 
failures, and then to raise a second crop. Underutilization of the rich, 
cultivable Mahnar area and the inability to cope with recurring hathia 
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TABLE 14. 
Energy Sources by Activity, 1980
 

Activity Human 
 Animal Firewood Coal 


Agriculture
 
Land preparation x 
 x 

Cultivation 
 x
 
Weeding 
 x
 
Fertilization 
 x
 
Irrigation x x 

Harvesting 
 x
 
Threshing 
 x 

Winnowing 
 x
 
Milling 
 x 

Storage x x 


Fisheries 
 x x
 

Cooking i
x 
 x 


Lighting 


Water supply i x 

(drinking)
 

Health care and x 


education
 

Construction 
 inx 
 x x 


Industries 
 x 
 x 
 x 


Transportation
 

(goods)

Field to village x inx
 
Village to bazar xnx 

Bazar to markets 


Transportation
 
(human)
 
Village to bazar x x
 
Bazar to market 


Information transfer
 
(radio, cinema) x 


Total 20 
 9 3 3 


Diesel Petrol Electricity 

x 

x x 

x x 

x x 
x x 

i x 

x 

x i x 

x 

x 

x 
x 

i i 

x x 

14 2 9 

crop failures in Hariharganj are due to the nonavailability of dependable
and affordable energy technology for irrigation. The technology utilized 
should also utilize the available infrastructure like dug wells mostly 
owned by the marginal and small ftrmers. 

Although sufficient data may not be available from this study to 
consider social feasibilities, selection of energy technology must take into 
account purchasing capacity of the client group. Purchasing capacities 
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are indicated for households witII income more than or equal to expen(di
tures, identified inl the household census. In Malina; these households 
included -15 percent of'the landless, 39 percent of marginal farmers, 
38 percent of'small-scale farmers, and 52 percent of'viable farmers. In 
! larihargan.j, these households were 36 percent of the landless, 28 percent 
of marginal firmers, 5.1 percent of sniall-scale arnrnws, and 80 percent of 
viable farmers. Except for landless households, many oft hese households 
would have the purchasing power to own various recommended technolo
gies. Viaible farmers can buy these energy technologies with or without 
help. Marginal and small-scale ftllniTerS woUld need loans and also could 
share ownership oft hese tecliiologies (such as a chilling plant or a cold 
storage facility) through associations. 

Appropriate energy sources for lift irrigation must be identified first, 
since electric a'ld diesel supplies are not depenldable in either block. Field 
visits and interaction with research institutions ill several states of India 
provided inlforniation on frontier technologies available. Field tests and 
interviews from tile neighborinig state of Uttar Pradesh suggest that a 
bullock-p<owered chain washer pttip wouIld be more efficient than the 
persian wheel for both blocks. Viih aln otutput po>wer of'0.38 lp, on a lift 
ofi'6 meters, such a pump could Supply I3,900 liters per hour and would 
be capable ofirrigating .1to 5 acres per agricultural season. It could be 
locally nianuict tired and replacement materials would be locally availa
ble. 'lie low-quality bullocks available ini these study blocks would supply 
Iliore water to a larger area more economically with tie chain washer 
pumlp thain t lie persian wheel. 

Feasibility ofta small wood-fired steam engine should be investigated as 
a power source ill I la-larganji in view of hat Iiia drought and tile block's 
extensive f)rest resotirces. 

Windmills also are possible power sources. Two types selected fbr 
futrther assessiment ill these study areas are (I) a windmiill designed for 
eastern India by tile Organization of'Rural Poor (ORP) in (,hazipul, and 
(2) a low-cost water-put ping windmill with a sail type savonius rotor 
developed by the Indian Institute of'Science (I IS), Bangalore (S. (Gov
inda Raiu and R. Marasmiiha 1979). A facility is located at (;hlazipur for 
training in the rnanu factu'e, instaliation, and repair o windin ills. 'lb 
redlut+, cost, the original ORP (lesign incorporating a steel struct ure can 
be replaced by steel blades mnounted oil locally available timber stru(Ctures. 
According to a technical feasibility study iin which monthly available wind 
energy was matched to tile water requirement for variotis Cro) rotations, 
such a system could irrigate -1to 5 acres each agricultural season. 

These renewable energy technologies could effectively reduce depetn
dency on diesel or electricity. They can be located in dtig wells owned by 
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marginal and small-scale farmers. The predominantly illiterate residents 
can easily learn how to manufacture, install, operate, and repair these 
technologies. A training program envisaged would rein! orce that self
reliance. The small command area with these systems would facilitate 
water management and resolution of conflicts. The landless agricultural 
laborer would be the indirect beneficiary of this innovation, since an 
increase in gross area cultivated would create more job opportunities 
and increase income. 

For lifting water for drinking, the present use of iman-operated 
systems would be sufficient in shallow wells. Technologies involving 
pedal-driven systems or using wind energy could be eflective substitutes 
for hand pumps and for electricity or diesel-powered pumps in dug wells. 

In Harihargan j an ecological balance must le created to even out the 
benef'its of'short periois of heavy rainf'all. I'hts soil and water conserva
tion and forestry should be practiced in an integrated manner; utilizing 
aflorestation, conlour building, tirrowiig, and terrnlcing. Water harvest
ing techniques would conserve m oist Ire inIthe soil profile, reducing 
runoffl Water from rtnoficould be collected in structures minimizing 
seepage and evapouration, to he utilized during hat hia. "lbgether willh 
economic use ofuncertain rain fall and more intense cropping, dry land 
farming is recommended for Harihargantj's drought-prone area. With 
dry land crops, instead of paddy and sugarcane, less water would be used, 
less lime wouid be needed for)plant growth, and sowing (late would 
be flexible. 

Hai iharganj's "Food for Work" t brougl. the National Rural Employ
ment Scheme is an ideal program for,-nploying people to construct 
permanent roads and other conmitin it), prjects in the adverse farming 
seasons. Comnmunal "Dharmna ;olas" (copt mun ity warehonves) for the 
landless and for marginal and small-scale drmiers :alc ,ould be organized 
to insure supplies of food to drought-aflected people. This food security 
also involves prices of fbod crops and livestock products. Price stability 
for milk products (especially for Hariharganj) and crops like potato 
(especially for Malinar) depends, in turn, upon tle availability of'chilling 
plants and cold storage facilities. Such f'actAies could improve employ
ment as well as income opport uit ies. Fe,sibility st udies and design 
research oin solar refrigeration or wind-powered solar puimps are recoi
mended. This drotight-prone area has potential for fodder development, 
which in turn would mean higher milk yields. Organization ofmilk 
(listribul ion could improve hot h prod uct ion and ret rns.L.ivestock 
varieties sho l be improved,both dairy aiinals and sheep, pigs,and 
poultry. Raising goals, sheep, pigs, and ploultry could help augment the 
dolestic income of marginal fhmiiers and the landless households. 
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Pressure on firewood for cooking in Mahnar could be redtuced by 

development of'biod111g, lbiogas, solar piond, and coal briquetting, per

haps on a communal basis. Potential consumers ftOr biodung exist amnong 

people whose retXorted expenlitures exceed income,that is, in Mahnar: 

55 percent landless, 6 1percent marginal farmers, 62 percent small-scale 

firiners, and 47 percent viable farmers. Biodti g can be nianttfactured 

by the anaerobic digestion ofta variety of water hyacinth locally available 

inI Mahnar, as well Ias IIatiharganlj. The tab tiulant stupply of bioi Iass 

duiling the rainy season could l)e ut ilized(for manniiacturing and storing 

this fuel fir use in winter and sumtmer. 'e reqquireenelts for p r oduction 

and distrilbution (if bi dhling iinclude polythetnle bags, technical guidance, 

targinal fa'mei'straining, and moilizatioin of uniemployed landless or 

who need additional income. Ah hough Biiar is located within the 

coal belt, coal br iquetting is notvet popular, so it is anoit'er frolltier 

teclilohigy.
 
lbe received more enthusiasticallyThese innitovatioins proba)ly would 

in Mahnlar thaniin,th less populated Ilai'ihargaiij (with its still lai'ge 

forest reserves).
 
hi Maliiar, floods and soil erosioi call be controlled through engi

neering and biological appj~iroaches. Fngiileering optionis such isannual 

coilltotiiu plotighiiig, pernaieint ter+,acing and blinding, ftii'iowilg, 

leveling, and tonst ruct ion of (hdunage strut,ures requi'e huge invest

ients in the Gangetic plain. ()it the other band, aflorestation is a more 

gradual process that is scltlfrcpairinlg, self' peipet uatiing, and solar 

ees wit il high traispitat ion rates recommenllen l fortxwered. Species of't 

a/ix I'ma.sprma, and
Malmnar by the Iorest 	Rescai ch Inst it ute arie cales, 

These may' be gro wnii oil high iounds above waterc 

levels. Other species like Bi.rhwlia /a ,anima, La 'p',rm.lromia/lex-regiOnal, 
arie also rec()ni iienided.With high transpira

AI-u,alV)ftu' felw,11r i. l 

and Baiagtaria attala hgdaar 


tion rates, tie water table is lowered and land can be reclaimed for
 

cultivatio n. Some new. species would in turn gene'ate new small-scale
 

nlittu'e making.
inldustries such as cane weavinig ald 

ai-'urnei. SeedAff'orestatiou is within the purchisiig power oifevery 

inder' social forestrv schenies. 'he onlyligs at'e available free of cost 


limiting factor in MNa is aoilability of laind, since land v'aues have
ritat' 


been gradually increasing. l)iscussion with local peol)e shows that the
 

ucas will geuilerally acce)t atfhrestation
faillers of hiuonicaillv flooded t! 

call give good ret ius. Fuithietr road ail railwiiyt track airboricltureiftit 

as well isI)it liids and high laind adic.joining
is recoiimllended, 

floodable teas. 

For both Ilarilargallj and Malitiat; new pi'imat'' and middle schools 

aid also adilt edica ion ficilities are iteeded. l'he health caire system 
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should be restruct Ured to emphasize colnnnity-lecl sup)porl andvaccination, as provided in the Revised Minimum Needs Progran. Those
innovations might increase iransport ation andl coininunication needs.Introductioii of walki,-talkies for comiiunicating )etween health centersshouh! tighen the li-atispol-at ion denand. Another heahlh care need, firvaccine storage, could be nei with mini-deep freezers, perhaps powered
by photovoltaic cells aid a alttery system (Central Electronics l 1979).Other neieds hw imiilromient and extension o 

9d. 
ilc 
 housitig, whichwould requmie eliect 'ye utilization oflcal building inacrials. Some

special needs for emiergy techiologies (such as for a solar drier for drying
chillies in Malinar) ate of'secoiidar, iiipoilance. 

ASSESSING ENERGY OPPORTUNITIES 

Inlervent ion of'sevei'al agencies inmany sectors of rural lie to assistwith access to basic iieeds and income anl employment generation could 
l)otelnially bringabout a total Iralislrniiation of the inatrix personnat ire-societ y. iII Nahar and llariharganj, this transfoirmation would

be broughi about Iy the introduction of'appropriate technological
 
processes (socictx-Iliallr 
 ),ai(l ftasil)le social-l)sychological processes

(per son-socic 
 ) it] order t, Iiig aboutl a biophysical l)iocess (personnature) that would acicc the goals of 'iral development.


In ihis i)ocess, cost aniid tbeineftis mre proie
i rlabilistic than dleterliilistic. For exampic, social llobilizi,lion to locate aid donate land as well 
ts
to larticil)aie iii (olsiiiuction ofsuealtIi centers in remote villages
would be 
 lunch cheaper thatii lail plirchlases based oil assessed value andcont iiactual building coust rctt ion. AiioUiint and kind of pairticipation

would \'ir accordiiig to each village: governmlenti ilols andi riles alone
will not itistiie clci ive pell oliinlce. Villagers' yi- icil)ation would be
rcwardle'd bv lie fiuct'ions oftl hcir healtIisuiibcltrs. Accordiigly, the
Slillimll'V of cost and benefits l)l.-Sented 
 nlext is only indicative.
A winlmill iliaitct iire( byv le(ORR (-liaziptr would cost Rs.5, 10()

per"unit (Siingh 1978). A chaiinu washer p il.iliiiiiifactuiel illAllahahail, woilU( cost Rs.2,20t) per Utnit. 
Naini,

lhrec units each call be (tls
plOried in aitlruck lor about Rs.,500, ililiiig iicilleiltal tsts.t rainling Jprogriiil of 14 Itei-sii-w,,ks hi•eight persons (two sutir\.isors
each for oilet six te(linical workers cacth for Iwo weeks) %,oil(!

wuck adi1( 
(ost Rs. I ,.t)O. Sinc iio li;iiing is av'ail le inoiniylknbii tn rc or servicing
tiltin, saoninis rotoir wiiidliiills lesignel by IIS,Bangalorec:1ld beinstalled in a Second pliase l C,plc expeiiced in installing OR!)w iiiinills. Tle iilrldu'lion oft lie savoiiis tylye wiiiohiiiill at a unit cost of'Rs.3,0()0 yal)oui 
installatioii, the iiiiit cost pioably would diecrease. 

would reuice tile cost \ 50 percent and, ahri" tihe First 
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Befiore introducing a solar-power'ed chilling plant antI cold storage, a
 

letailel technocconomic feasibility stludy should be done. The Cftecive
 

lemanl for cooling tn its i:, cold storage plant in
evilent. "lheone 

Mahnar at tile lite ol'the stvev n,,;:;2''! able to service the whole block. 

Neither block has a chilling plant. Milk prodtiction, potato production, 

and marketing would pro)bably increase if these facilities were available. 

Mahnar could send supplies o7 milk to Patna; 11larihargani could send 

them to Aturangahlad and l)altonganj. More production probably would 

generate imiore itcoince and emiloinent o0))ortinitics. Marginal and 

small-scale Fa.rners might Ibe able to use a milk cooperative. A chilling 

plant, illt urn, might kindle organiziation ol'cattle ilprovelnent, fodder 

production, and veteriiary serviccs. 

Each seedlig lbrt iehgovcrn meint's ;i(hiuestlation p)rograni would cost 

less than Rs. 1, but lie organizational and demonstrative ef'fort would 

require considerable planning, as well as participat ion of' local people. 

One main benef'it wuild lie eco-developmenil - prevention of flooding 

and soil crosion, reduction ofltsl iiisance anld airborne disease, in

creased agricultilural pr)cltioi, and iicrease d income nd empliiployiment. 

Costs oft he biodung programii envisage( probably would e alllost 

not hilg except fir orgalizat lol andtiol ration, bit it would plrol);i|ltiost 

bly generate etiiployiten and subsidiary iniconi and also prevent Ci-
I(on est land.f 

A omtl-brijUetting plant would ost about Rs. 15,000 withli tile laclin

civ available frillI lowrah, West Bengal. This plant would encourage 

increase(d incoie ad would reduce dependcence (il 

crooiie nt 

amiployment adil 

forested ae'ts. 

ORGANIZATIONAL STRATEGIES 

hinpleieniitaioin stialtegues ft rural development cai emphasize tlhe 

role of'biireatcrats, tcchnoiogists, and politicians, or ol'tle intended 

beneficiatries. Epllihalsiing one group's rok often means neglecting 

another's potential. [it her inefficieni and in fle'xible approaches not 

;pprpriaitely oriented to goals or un'equal or nflir tpporttllni ies f[Iri 


interact 

those pattcrns: (asic and class grouping, bureaticiacv's nattire and tihe 

intended benteficiarics' nat 1re, lack of nicroscale planning, and lack of 

participation of'tle poor illplanning atnd iipleincitation. 

The social and political )ower in Malitil|di larihargall is coicelli

trated wit lithe rich, high caste I lindus and lie bureaucracy is generally 

synipat lhet ic lieneeds of'1ha power slit ire. Butreaucracy may not 

alwavs be sensitive enough to g'als 1"achievetnents. The intended 

utilization ol benef its iighlt resul. Several f'ac'i(Ior: to continue 

http:Surve.vs
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beneficiaries oI ruial developnien t projects, on the ot her hand, Illight he
illiterate and less organized. Arid they niight not have part icipate(l il 
problem solving. This project has Itrie(l to involve them in the develop
inent of'solntions b1using survey research. 

Organizing rural developillint shold be based oia,ihumanistic,

participatory, self-reliaiit, and alitoiioiiiols process. This aFpproach

should be oriented to the community rather ihan the indiv'idual. Even if*
policies are iiiade irthe I enfit of indiu'iduals ii the intended benet'i
ciary group (forexapllile, ownershi, oftl)iiiipset by a marginal tillirer),
the indiv'iduals in ihat group tend riot to take [till advantage ofthliese
policies (lue to several socioecoi mic and )olit ical const raints. A group
of ,iwrginalI'armers can clf'ctivclNy take Avantage of stch schemes since
they can b e iiin1tti1ly siillortive. Such a groti cai cither coexist harmo
niously wit hot her ecoiioi ic groups or caii deveh)p toward , noiif'lict over 
power. In r'ural Biliai; the harnon ious approach -coexist, itce - seems to 
he more workable. 

Organization Im rutral develo ment can be lesignecd to depend onoutside (governmental) help, or it can be built to be atnoioiiious ard self'
reliant. A dlependent orgaliz:ttion tends to decline atd degenerate as
sul)l)ort iswithdrawn. A sel f-reliaiit, atitoiioni>mos organizat ion shol%s
increasing capability withltime and matturity. lhe sel'-reliait develop
ineit style, to which ihe Indian goveriinitci. is iiiniiitted, is recoin
mended 
on tle basis ofthis pro)jct exl)perience.


We recoimmend la area-specific, inegratted, and intellsive orgatiiza
tioii Io 
 rural develop, 'cut as oie by its niat lcre of o-gaiiic evcolutioi

utilizing feedback that can determine ctl'ctive developiemen strategies.

We recommend a part icipatory organizational strategy fin' Bihai, wii I

benleficiarics inv'olved ill aialyzi, g )lanning issues aid probleIms and
 
their technological solutios. ilhcy should be involved ill
training,
implementat ion, management, au d reJl~icai ion of tecliiological mlodulesfi-development witlh limited and normainputii noni otside sources anid 
tle gocver'iimient. lhe resiltant organi/alio could take careful advantage

of all existing rniiaI credit policies and legislations.


This research project has already laid down IIe seeds for organizing

iIplenicintation ill the foI'i of good hwal cotitacts. l'relinmiiary area
development plans have been Fresetted to block residents in xitilalvat
meetings. A larger i finmat ion basc boui t lie local area is available in
data tapes. Some geieralized project fiCasibilit ies have been worked out.
Witiin tile plan 'rainework, individutal prograiiis need to hl designed at a 
project level tlirough a pMrticipatory pircess. Local organizational detailsneed to be w')rke.I oui before indi vidual piojectssare tiidertaken iii a 
speci 'ic area. Neither hcal problems oftil pleniciitatio nor tile long
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range perspective can be fully anticiiated before embarking on 
each project. 

At least a live-year stay at tie block is requirel. Although ihplementa
lion is possil)ly their seconidarv interest, the research allemat (;SI)S is 
eager to extend their limited help to participating in tihe organi/altion of 
local people for prBje:ct in+plemnenitatn in ,ts:10Cia toll with the Institute 
tor Rural )evelopment, Patna. lhev were not willing to accept Ihe limited 
help frot the Institute oftsetting Ill) certain technologies without a longer 
coniitl lelt o stavialthe silltdV alrea. I lowever, the CSI)S reseaiclh team 
has identified local people,. institutions for trahling tie local peolle, 
credit availability for 111)plentenltatt ion, and alternittive hardwares. The 
research group is interested in itilizing existing credit policies aiud 
regulations, and they seek an admiinistrati'e and travel grant front Indian 
instit ttiumis. Negotiations are unider wy\;\atld oitle possible spotnsor is 
awaitiigcomipletioii oftile plan docllnlljt. Another spolnsor decliine, to 
sull)ort a +eseAt rgtii/at ioIs invol,'_'niett wit hiitnplementation. 

LESSONS FOR PLANNING RESEARCH 

\coml)ined sun'veY st rategy of village and household census was 
,doptled fr initegrattetl rural develolment Flaiigof naltr n 
l-larlhargan.j blocks wit lt 18, 100 hotseholds and 2-16 villages. Six research 
wirkers comleted this task within 13 mo Is with the voluntary assis
lance of lc:al people ,andgovernmetnt staf1Th frieidship and tiilder
staliiding tile reseic',lworkers developed t hrouigh this participaotr 
process of suney re.earclh was a matter of great satisfaction to tile 
resiarltlers its well as to the villagers. The slow pace ofhwork was aill)tro
prialte lfr rural life and was comidtcive to dialogle that enriched tlieil 
awareness oft ie research workers. It also helped to identify key leople, 
plaes:, and groups who could particilate in the pilot iitpleiientti ion. 

Shortcuts to celtsIS would have lleattt sallplillg or total del)eitdfece ol 
secomdary data. Neit her was acceptitl)le to the researchl teant. No atddi
tiottal funds were spent for ie(, census, so issessing the value atdled or 
etnelit-cost betweein 100-percent sample :tttd any smaller sample would 

be diflicult. ()ilv one additioual imnth %; s spelt comttpared to tle time 
needed foat samtple survey. No p)tylmielnt was mtade in tt+otev or killd to' 


lhe voluntary investigators. 
The village census depended oin several secontdarv data. Often tie daltt 

had to be verified. It addition, new data had to be collected, such is water 
depth in a village well during the sunimer and rainy seasots, or locations 
of prticular services. livestock censis and total etlrollient of students 
were available from secoidary sources, but no tinfrmation existed 
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regiording ownership of livestock or whose children attended schools, So 
a household survey became necessary. Mich of the secondary data 
compiled at block offices was not available from official records there 
because all copies had been forwarded to district or state atil horit ies. 

Sampling is a very widely accepted survey research methodology. 
Howe'e; it was di(fictilt to accept saimpling in ihis work in view of the 
perceived (though not precisely understood) complexity o!'village cultureand societv. Criteria for operatioiializing t he definitiot of coliplcxitv, and 

how it is additive inl a block rInational clt ure, airunknown. Adniinis
tiative boiundarics light be ideal for systematic dlat collection, or tir 
(flawing sampling framlies, buti th(y might be geogralphic Fiction, as iii the 
case of, Kerala villages, or t hey in ight not reflect tribal or caste lineage, 
dialect, or ol her fl'rces oft radii ion Iliatlhave been evolvinig lIn gh 
sc\evral cent tiies. 

,lie physical inaccessililit' aind cult uril hetei'ogenciiy of popolat ion 
gol)S as Well as iniaccunrate seco)n(lry olalit are the most limiting restric
tiils ill samipling design (Gerald IIiirsh-Cesairid riodilpto Roy 1976). 
11eOlct, tihere is no knownil stiltical probl)ability for select ing a subcilist 

I lre. lheoretical probability saimnples do not permit piersonaljtuldgme iii 
se'ectlil. 1ii a probtlbilitY saiimpule, every tilit i pplilat ion inusti have a 
knowl lloll-/el'o claiice to be included ill tlie sample. Selection is pI)ce
oftiial not.jidgiimelltal: an(l pl'iiciples of' ranlomi aiiol lImusti (eraie :ii 
every' step oflt lie select ion pricess. Ilis is 1i lficult in a block wit h several 
villages wit Ihover 1)casles or occulpat ions. Often accurate lists of house
holds are i ot available for villages. Noiiresponse substit iiois arte t lie 
roles of sanipling, but no tlenrVy exists regatding stibstit uIlliil; raniidom 
saimFples caiunot be suibstit nted. lProbabilitN samples arte esselit ially iiubi
ased. I\loweet; iitdevelopment research, tile n1onl)robalility biased or" 
irposive sample is tile most )revilent forim. lherefoe, iii tlie past, 

whenever researchers were ciiomniite(l to impllementatioi through wide 
poptlar pailicij)iiion, they used tile st rategy oflIoiiseltold cetisuis, 
esiecially if tlie ialitoy ohlie imupleImentttionu structure could not hbe 
perceived iiladvance,suchias witli tlie Ranaglt Rural l)evelopment
Project (CSl) 1978). A samplinig sirategy was more acceptable (CSI) 1977) 
fur cases such as tile (;lnida Pro.j Ct where a well-orgati,,id nongovern
iental iin)leiiienting st ruict ure was pc to he ftmuct ing at the)rceived 
gr'ass roots. Thait strategy Also seetiis liore acce)tablle ift he pturpowCof 
the sutrvey is to find out iticoluii (listributioii and enl)hoyment fm broad 
policy research (Kninar 1980). 

lhe type ofs' ud;, area selected is also importanti. In India, colni ttn itN 
development and extension blocks make up t lie project areas used ftr 
rural development. So they are t lie appropriate ty e of tnit for studying 
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inltegratefd rural develol)IInCIt p)lnIIing. Areas apl)r l)riatc fornother 
study pirploses iIight not cII rreSl)oIl tCo)blocks. l'oi energy planning, 
the spatial spread of'individual icrocnerg systeIIIs would inIHleIIce 
deIineation of plaIIIing regioIIS. loFtr panIi IIg areas related IoexaIip, 
biomass l)ro(luctioil and use might be deried Froni thcjajiltaiii SN'stCm of' 
social (ivisioil faof r alnd theIefoIe fro' inItenlholiseliol(d, iIItervillage, or 
iliteliainlet relationships. ()i the other hand, study arts ioia supply 
planning of'commiIiiercial sources of eniergy such as electricity, .oal, or 
kerosene would ble defined admniiIsirati velv or comcInercialI'. For an 
elergy and rural develolment prograiii ctmtl)iiling several unicroemiergy 
systells an administrative tunit wouldi be an apprpriaie ptttniiig area. 
'h some 225,83() grami pamnchayats ii India gi\'e too large a universe for 

selectiug appropriate sa',tp!es. ()n tile other hand, disti mts numbering 
less thai .t100,alt ltugh aidmilistraiively viahll, are to( lgiand have too 
maiiv ecolgical lissi,,milarities fi such St udies. 'Tliecdt it"develop
ment block, though, is an approp,riate c<tnlaci unit of adiiniistrative and 
polit ical slictl are. 

India's 5,00.1 devchlntient blocks frmt ain alpropriale utiverse for a 
samlpling strategy lot stuIying entergy and rural develouicilt, but the\ 
Illust l)e divided into a tvologv of h<omiiogeneotus legionIs fi S",amFle 
selection. I hmnogeitity canih based ou agroclitic egioms, l)iore
SOII'C'e pMUtters,coidil ions sich as recuirrinig drougtghts or fhols, o"'levels 
of regiotal devehlieit. lhe dvnamism oft Ife block as it aiects energy 
flow pattCrins aud rural deavolpmielmit ta\ vary considferabdly depending 
oil tVpology olblocks. For example, tle so)-called reserve territorv lo,cks 
aie characterized by weak developenuiet of l)t'odtut I\e f0rces. Blocks tf 
pioneering economic developlment are charactcri/e(l I selective Cxphi
tatio(fhat utral resources, oil a limited scale. large and pjowerf ul loci ae 
locks sit uated in close range of large or powerfil ecotilillic (omtplexes. 
If'euti gy is conside,',l a delivery of'a service, then block's can he 

iegionlized yIenergy 1.1cilitv i'icatos and energy achievelien in fica
tors. lhe lair 4fcamioruical v'ariables gi\'ivng tile largest canotical correla
tion between tiese groups arc uised as measuires of fLacility and achieve
nient. After tIhe-scores ar' ('(ullumtted, the+blocks can b:e categoriized.7 Such 
regionalizatiol andttaxolm. at applicationXlS ofiuanititativetlsef,lt 

filet hods. Therefore, a lialittolcould lle sautIphed on t lie basis of' regiotal 
tvpologies. In-deplt i sttidies, includting census, could he conducted in 
sample blocks (oi' e(uivalent hcal areas), to fortitutlate plaits aid policies 
on energy and rural devehopmnt. '[he plaining experience gained fromi 
such st tidies could provide valuable insight fr solving national problemts 
of energy and rural development fLster and more efficiently. 
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NOTES
 

1. Pai,hayats are the primary politictl divisions. Each consists of several 
villages represented iy elected officials: Aukhya, tile village executive 
and Sarpan.'h, the village judiciary. 

2. 	Sclheduled castes anl scheduled tribes are communities lised in the 
Indian Constitution whose interests are constitittionally protected. 
They receive special reser'at ions in Parliament, in educational instit i
tions, and in various elllploymient markers. 

3. 	j.ajrani: traditional labor exchange and compeiisatioll sy'stem. 
4. The landholding unit of marginal ftrmers is less than 0.5 ha irrigated 

land, of small farmers, 0.5 to I ha irrigated land; and of viable flumers, 
more thali I ha irrigated land. (One unit irrigated land equals two 
units Ltirrigated land.) 

5. 	 Rs. 7.93 = US$1.00. 
6. 	Ghosh, RC., l)irecto; Forest Research Institute, Delhradiun, April 28,
 

1980 and July 25, 1980. personal cominunications.
 
7. 	A similar in! iablock regionaiization was conducted ford elivery of
 

education in a block (1. Dasgupia, "IM. Vinodl Kumar and P.Ra
maswamy 1974).
 

REFERENCES 

Central Electronics Ltd. 
1979 	 SolarPholovoltaicProjct:.1no no l PIroressRe'port No. 3, Apil 

1978 -March 1979. New Delhi: Department of Science and 
Technology. 

Centre for Policy Research and Family Planning Foumdation. 
1983 Population,Povertv, amd tope. New I)elhi: Uppal Publishing 

Ilouse. 
Council for Social Development (CSD). 

1977 hndiCatii 'am /or Gai nxri amid PaipenaBlock%, (;honda 
DistrictLP New Delh i. 

CSD. 
1978 RanaghatRurallevco/pme:t Project:l'(.'ibi/ity :tudiesv V. I to 6. 

New l)elhi. 
Dandekar, V.M., and N. Rath. 

1979 Poverty' in India. Poona, India: Indian School of 'olitical 
EconomN. 



Partidipai "'cvi 	 277)ry S inIndia Micioregiois 

Dansereat, P 
/''nviroimtau'al Quality. Prepared o1'0-

CommionwealthI I-I uian Ecology Council Coni 'rence. Malta. 

Dasgnpmt, P, "7.M. Vinod Kuniarand 1 Ratnaswamy. 

1970 	 The D,'ensfl t le 

1974 	 I'h74ingfinrlda'atinain a Mlicro RegiOn: An India Case Sttlv. 

New Delhi:The Ford FoImldilton. 
Ghosh, R.C. 

1977 Handbook ol,'illrl.qation 7l;'chiqm,'. Delhi,(;()VernmIen oIfIIf 
India: (o1t roller of l'nhlicat ins. 

Government of lInlia ((;Ol), PIlan11ing (om IIIssioI. 
1973 lhi.k lwe irIntgrot, 	 ltegrated.AgriCulah d Rural Ievilopmin: It 

1ural r' New L)elhi.l)ie'lopme'nt in lroughit Pro I .ra.. 
(,O1,Plantimng (.o0101ISSIOlH. 

1979 )jiqa Special ta 15, 1979)o.nPn srly. New 1)Deli. (A ugus 
(;()I, Cetral (;roild Watel Board. 

ioail 

(;raand i te'l DI,'v'lo/mnent in ti ' Stale of/Bihar.New )elhi. 
19801 	 Statho of CrunI IIT'r Suri wtv an(In I ot ao.r Furtl'r 

I ilirsch-C(s',r C., Rl Rov. 
1976 	 Third ' y lBrwarch in l)'vrloping Vations.ll, I ard Su,,'ey .:Sur, 

New lDel hi: The icil1,11m of'Ildia, Ltd.I, pa 11",l 
I le nitcin l aboll - )lticc (1I.0). 

1979 	 IP/ihoi of lRmal I-orty. Gcneva. 
110. 

1980 loveriv and ldlessncss in Rurdl Asia. e;neva. 

Koliari, R. 
1979 	 Rur IiDvelopmi'ntl . t'. and 'er.p/ctizv..Special Number on 

Adniinistraiion of"Rural l)ewhlopmnent 'rogrammes. Adminlis
tative Change6(I-2),jaipur. 

Kuima; 	"'.M.Viinod 

1980 	 Basi ,'ed. and Provi.ion of (;m'etatant S'rie..' Aea Study o 

Rn nat.,rhat Blotk in IIt't Bengal. World Emp loyment K:,search 
Working lPapter No 85. ;eneva: 11.0. 

l.ele, U. 
1975 The lhi, o Ia?a l),' elopm,'nt. Ii'ansfromA.1/rica. Balt imore: 

Thle ohns I iopkins I.niversitv Press. 
Michael, A.M. 

1978 Irriga/ino Ihnry atutu Practice. New Delhi: Vikas Publishing 
I louse Private 1.1d. 

Nan.iuwdappa, 1).M. 
1981 Area tlting and RuralDevelopment. New )elhi: Associated 

Publisher. 



278 Rural Enetgy to Meet lDevehoptet NeedIs 

Raju, S. P.(;., and R. Narasintha. 
1979 A Lou1OSt 1at'rlPumping Jin(mill U.Sin a Sail Ty.,pe Sz,01nil. 

Rota,: Fluid ,Mechanic's Report 79 FM 2. Bangalore: Indian 
Institute of Science, l)epartment oftAeromiutical Engineering. 

Rao, B.S., and V. N. l)eshpauide 
1982 Povertv: An Intei,di: ciplina i Approa:lch. *lad'ras: Miadlasi,,st
:adie ofl)evel o)nen 'it elies and Su;naiva Pltuiication. 

Singh, D.M. 
1978 ,,lan nalOn I 'indmill *lchimlog. Windmill Project. Allaha

bad: Allahabad PolvItechic, A.' t'it. 
Singh, "1 

1978 Drought Prom' .rea.s in Indlia:.'l pe't. !/Identilicatilland l)1'e'lop
mn't Stratrg,. New lDelhi: P'eoples Itibishing Ilose. 

United Nations. 
1978 T"he hIlennationalBillo/lnman Rig/ht. t.U 0niversalDcl'flration 0/ 

lHuman Righlt. Interntoional(o]'rnallni Eonomic, Social and 
CultuialRtrht.. International Ct,, titon Civil and Plilical 
Ri ht and(iptional l'uotol. New York. 



7 
Organizing For Energy Need Assessment and 
Innovation: Action Research in Nepal 

Deepak Bajracharya 

A CONCEPTUAL FRAMEWORK FOR RURAL 
ENERGY DEVELOPMENT
 

How to imph'nutni ellective measures illdealing with energy-related 
p-obleins -it rural areas of theiThird World is a serious concern shared 
by miany people. Elaborat ions o1)"irual energy issues have been refined 
reccit I. StartIng wit the recognit ion i tieid-I970s of'the domn i
nanI role of"noncolmninrcial" fuels II[he Ir'hird World, subsequent 
rujal energy siurveys in different parits of the world (see, for example, 
Chapters 2 through i in this book) have b~rought faOrth a wealth of inf*i
mation regarding the complexities of fiel consumption pattelns, fuel 
sulpply potentials, and their implications for rural fut ures.' Se\eral 
technlologi(al 1t,,asurtes also have been ptrescried,to correct tti st tation.
I'hree of the more (cml oIlviimentioned technologies inchlide im)roved 
stoves (see Chapter 8), fuiclwomd laimtat oll ((Chapter 9), and biogas 
((;ha)ter 10). lhe potential contribhutions of these and other related 
technologies ill cotif',iling energy poImlnis inlrural areas are undeni
able. lhe challenge, however, is to ensure thelir compati' iv with the 
needs and priorities of't lie people in rural areas and consequently their 
absorpt")m froti within. 

'I'lischallenge is not tunique to energy technologies. It is germane to 
overall rural developlment eforts. 'lhe problems that develop iI imple
inentation generally stein from a process of externalization, that is, 
activities such as idetti ficat ion of rural develolment issues, determination 
of 'tilorit les, concept ualizatiot) and Ilatitig of act ion progralls, all take 
place outside the purview of the people ti"whom the progral are 
intended. Even t haligh . iic rural development theorists recognize how 

" important l)eol)les part icipat ion is, the "blueprint allFoach22contillues 
as the basic dogtna in rural developmcnt efforts, energy-related activities 
being no exception. [he control and decision tiechanis'is remain foreign 
to the local populace. At hest, local people's interests and needs are 
intellectualized by tile plantier and plans that supposedly embrace 
people's needs are assumed to he "appropriate." Using these criteria, 
"appropriate technologies" are conceived in such terlis as "capital saving," 

279 
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"labor intensive," "small scale,' and "basic needis orieited." Ironically, 
local peoiple andllanners alike still see these well-intentioned schemes as 
"intervetions" atn(d develolment latilners tend to be prmctepl nire 
with the process of nietting "intei 'entio targets" than with the process

+
ohtranisfoilning Inte.rvecntio)ns into ;InltwXatiomts.:

This chapter adivoicates tile basic premise that the lirwCess ()l coiscious 
transformatiotn must b~e the IOcus of rutttl (levehylliietCt Ce10rts an(d that 
conimunity orgatnitat ions play lithe key role indetermining tilteabsoip
tion of innovation within the rural milieu. Within this framcwork, then, 
energy teclinologies, their im)ortaince, and their implilications are afpart 
of the overall schete of'rttail dexcloimntc. lhe need fo tltstrength
ening ol'local <rganizations and their+capacity to inl Iincwe external 
development agencies is uIdcrstood in lie .)itt(Xl of these assttnted
 
coniditils:
 

1. People in rural areasare already witnessing Clergy J)rol1)leiis among 
other problems. lii their own ways they are seeking soolttitis that will
 
help curb t le prohletus;
 

2. Pcople in rural areas have hc-,n unahle to tackle those imrl~l(.,ns
ulsin~g onl\'their own internal resources att they tnced selective eterllll 

assistance in tIe lrn of inf1rtoatiot flom, capital flow, an! material flow 
to lielp develop alnd mobiliie their own internal resources; and 

3. 1)irect ittractthuis are needede betwcen iisidlers (local pecople) and
 
otsiders (techiniology (cSigiers aiid sui)liers, govetrlliit supprtl
 
l)esonnel atnd agencies, donir cosultants, and agelcies) to bring floill 
technological pitwesscs tiat in-tllocal needs and priorities aiid meet 
requirenietits relaitd to teclhnological piiu-aiiirteis and regulat lolls of 
donor and govertunent o)perat ioMS. 

Those conditioti, provide anii icon i to liser-d!irecteld technology 
designInd lecluiololgy dili>sion. lhey pli-.ide guidelines fot fitt iing tie 
teclnology to titeet dendiils iduced by leopl's ieeds and l)riorites. 
This approach differs romitni otie that llltlotts teclithology design ail 
diffusion by designers and rural developienit agents with local people 
expected to change their organi/atltial st ruict ui-es Iofi! the criteria 
and attributes ofthe tew technol)gics. Illplace of this itrerveniitiotist 
approach, the alternative seeks to help bring about "innovat liol"withiti 
rural cotuniitiesti and help people ind low tlicmselves againist lie 
emerging probleis. 

Eftective new means omilc ntnutlicalioi wit), cxIternllal policy agetcies 
arC eIssential, and in iany instatces external assistance is also required. 
The cent ta! dilenia o'developiiet, according to Ati lba Ktiliar 
Reddy (1980), is that, "the traditional [systeti flas ceased (ofr is rapidly 
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Ceasi ig) to be aiequtte, hut t ie f Itirli IsvSICllt is iivniriahlv iniact ssile 
except il I e w." FhiIs (lil tIlin ii II le tit.es Ile cit liti i(u ofsciet te il(l 

techtnolog', I1itlltely, i(o". il li it uiev oi attilt aid (ctcsil(ll 
opionsll." 'lletpri)ccss lo mal~ke' toptllltin :ipp~liirlail t ih e village~t 

tl IltI i II t lih Ihbvpilt I Il ilt i I I lili((l of11 I t t111pirhxti.itiiaxct dl 

Ip lpti lit et itrilt ilt ltiilt ttr,l t its ilthoi ltratn iislli+(0 ititi 
( cllh llltji l )1i(ili -I(tv"trlil l ll IhiltIs.a teliI t hIl Itmli IM S MV 

II l t illletui ise ts i l-tmgeIuItfIsIIusilt 1 tllMI ti )t t:tlIo I I ihe lt iproes il 

iilmil.<)X, tilhl I 

peh apsti ]m lli lv\il'"r.( ih Ihr t ll]'tli 

It hll(I)rcc (ptm llclligil lo k;it tlilt,- h(dife t" andl~(liil, 

o!'tIic'ill itm l I())k ~ l( 

Flic'Ill(w*e c (d1 I l i mil itml i11cd ill I-igtuics 1, 2-, 'Illh(m1 c' illliv,i ailnd 3,. 

Iri''0,4C~t of l dca l li lt titcl ( ",I(1 ohlM11011 idcllt'IIlICI l I lit, liteiw Itcthllil
,.  () o cm I Il+m'lii i lI n Ii . It*I)ll I itr-p Ic\ a IIIIt hlt In S g . +I I c +I l ~()hl I Is 

m",lllo(lt~het lSoI(cillonitc, Ow pcopt III IltlII t()IlllilillllilV\it ii 111c would]( 

+
iillte~~ liccd iM .[h Iti(.ii%'% lcclm o,\ Itriii (dtIC IIIC i) l C etJ w~ Il)riMI ll 

ilssll cdt(! )e'xist t)im ()li IiiO)vlc',,ct. isto)
t'cd prest*+'i I ht( Imll( kllilt IcS( seet 
If tit('C !miil et ()tl+ b edi~ lo sect sit'ittth l( Ai ()~i~ ( lll I)+, hii , mi If liml, 11ille . 

t miil I(, asl>handl~ (t'sigtlti t'" I it)gt'llit'r 1() iI lkI l t' 1(d , neede tor(tl 

l1 (,I l itI . --- it' ( h pIlilciitI mI m~l 1,imidl dc (+hip . It lansll. 

Illitseco(ll~ id Icp 1() :i..+t'+s l isii bililii\id~ I() \k<olk (tiil' 1 It(!iLim Im pic~t

inilt llionl slt II Ila]lic'om ialli"l ;1l1l()iil i edlt(Il(cgit' ml)li m~ill 

' 
patiiii {<) l ith ','.is(m1I(,cmifit\ It' i lrt icc lld~
( Figl.2 ). lhi ItiI'lSiiil I" 

dtc'i iilli, li h Im l r I t( "l]) lil< lm )1111rlb i Itlit,ng ;ll (",t( iliIt h l 1 

rtc(tuiit'(d I(,(,)illllct,".Iht 11+('i~i,\NIihw It' of 111 1 I,]L , it,+ ll (Cllth()itl( Ihet 
Illait i till p( qlc's (ml mn +CIhlit lt,IlilI/cd I Ill l ic it ltrill l ht tt CM W,, 

I isc>Ir(>ioill il]t'I"asimil W hlil i1(liltu uices ail(llc iltcilted w it liiltI. i) 'III 

in l i ylilltc,e'xterna~l ;iss+Ililitc ill lIl oft ;Ii i+ l ,o)r i gra+ilil liI(]ilil h)o , 

isSO( ith .+Net'l il Ihircct il(d\~'< ilil i i iin )iig all! Imlrl it']m cd c (](calrk (llliitc 
crciai~l befolire illpicilitcillil im)l si Ii ( "'iltc ( Ic' cl<olc(I. 

A-s F+igure~t 1lshows', 111lill ta l ill sti'Mi ';*;II c Ih,'dlhrc(I olilnlet of1 
CoIIIllcilli made~lt I)v Imtillpc(Ipl~lc ;is\%c'll ilsbN+Itcthiliolop!4 (dtsigiitlcl ni 
do(noir algct. :ic's. o.illciill i + iil Irh limilll locs(I+ llriing iml l i 

\h,l ht,t soloccnit l ()t)cic, + Is+ h), I(wa+;l m~lll( dtetrinedl( p)p)lct aret 
ffulill ,( alidt whtlheri 1 111li11iiopl ~llsfthtpe(liii ll orl C is+ lld(+iisa loikl. 

Mon)lhit ringan III s iitl through li ciil i is f1ii itt l~t. t~r )ill (()I(l iled'( 
Ipait ics aiireiI)M1Ii~~lt J1till (ag tdoc, lli Mill thtIhe,pror il l is Io 
bets+l lis ( c':,T id(e( as approria(iilte oI wh'l literso)me(aiht'rllil'xtt llian 

s+rliets sholdi~ he(propose)d. 

The'hlierio Me Ihircct-slalgt irocet,+.1 list des'cribed(caililit (echliiletiilte 
-,Thtc tcilph is [Si. oit'ilexas+ icii()n resc,l h. ll t t× e i iallea ringl! 
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STAGE 2. FEASIBILITY ASSESSMENT AND NEGOTIATIONS 
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STAGE 3. IMPLEMENTATION STRATEGIES AND MONITORING 

Rural Community 
Characteristics 

Interactions External Actors 

Stage I 

Iv Technoogy 
Loccontr, , implenen anonstrategies E~iacontrbutons e~nr 

O"-' -

Itntern. Tradtisor, 
Sorfal relatons tech and Skils 



~P i ecoomicTechnicall 
obje~ties periornance

U, satisfactor-Llled 

No No
Yes Yes 

1t- ications No 

Yer 
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approach to feed back restit s for inodifying and improving the opera
tional program as a continuous process of'action and reflection influenc
ing each ot her (Pa trlo Freire 1973). [his principle Ofoperation is based on 
dialogie amnong all actors--the local people from rIIral conimIInities, aIjA 
the technology lesigners ad Iie (Iho110 agencies from iotside i he rural 
communities -to) be sensitive to one ;IIot her's ncdols aIId priorities iI 
relat ion to (Iffusion of technologies. \tt Ie same time,the eIIll lts is 
placed on buiIldingIll) local peoples c~)albilii Ils i) ita)sorb technologies 
so that the technologies which are initially iiterveitiois are eituallv 
assimilated within as innovations. 'I'lie cd resuli is then like a marriage 
between ilie insiders and the outsices illa compatiible eilierfoi iitlltial 
beiefit aind sat is ticti0in.
 
The interactive process proposed is not vet ali accepted ior: Iis
 

meais thiat interiiiediary becomes a
Ikey irlividtal who acts as an 
crucially importrant talvst. I It or she facilitates tie "marriage." IliAsian 
coillill ies where varriged riiaiiagesaire still being )riacticed, the inter
mediarv can be described iasit malchmakcr (IamiillNepali is oine such 
local tei-iii). Quite irnilesiladal)ly, the laii lrnnst oliderstad lie perspec
t ives ofthe insider as well as of!' lie outsiliand harboir sufficient IIrust 
from both pa't ies befbre lie or she can make tlie best mach. 
The crucial question iow is how to make Ihemarriage happen wit hin 

the presenl rual ('ort 'Xt anlda so tu'e ofi lie governil ilS() el' t ioial si ruti 
im1ent agencies, other ioIIgo(lvei'iciit oi-qItasi-goveiriinierii agencies, and 
lie technology designing institutions. :\ shift from the legacy ofthe 

"blueprint alp)roach' is iieessary. (onsideiing the growing recogiuitio 
that all alternative is required to make r'ral development activities 
effective (1,harat lPradhan 1982), lie CXl)erient iallearing approach is 
Iprol)osed here as a wort hwiile undertaking. An experience illNepalesea 
village is presented below to give c'redence to) this concept. In this case, I 
acted out the role of a !amii (I) in identif'viig the desired technologies, (2) 
in negotiating for iiliplclreutratior, and (3) ill carrying out implemuenta
tions by building )local coint rol in operations and decisioni making. 

BACKGROUND FOR ACTION RESEARCH 

Chlhoprak Village Panchayat ii (or klha district, Western Nepal,
 
" 
provides the setting fOr the action research program. 'lie pInIchyat 

lies from 281'N to 2805'N latitude and 8t3.t'E to 8-t037'E longitude. It 
is I)otided by the K hahre Khola (st ream) to tile East, the Bhusundi K hola 
to the West, and the Daratidi River to the South. A mountain ridge 
marks its northern border. Froni the l)araundi River basin at the south to 
the top ofthe mountain ridge at tle north, the altitude varies from -t00to 
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1,700 meters elevation. The area covered IN the panchayat approximates 
22 sq kin. According to the str\'ev conducted by New ERA ' , Chioprak 
Panchayat consists of'925 houseIholds indicat ing a Foptilat itoof 
about -1,800.7 

Community Characteristics 

The )opuationIs t ti) of several castes andle inic grotups: thetoll ' 

Kithiilials lIrdoi itiate lltile low elevation (500 to 700 iii): the Brahciins
 
and Chlictris, it t i middle elevation (80) to 1,000 in); aid tlie (uiitings,
 
at the high elevatii (I ,.10() to 1,6() i). IntersFersed wiii are other 
lin<>lrity groups Includling Ncwalrs,B+arains, Kamis (b~lacksmiths), Sarnkis 

(cobliers), and I).tuaius (tailors). In ters llsof socinec) nmololijlc slat s, 
Brlhmixis,(Jhhc ris. Ncwars, atud (;nrugs woul iII gencral he al a 
relati'c li hli'qh tsiti: Kumlials l~i Baraiisat a rclat iv.h'low position; 
and Kattis, Sirkis, aol l)am atiiis, tlie h v'st (i.e., tlhittiitoulchalles).
 

Subsisclic ',agricul Illc is li le\ilt'ctll eccololic Ilii(c of1lrolitctioti
 
for all tht pFeolple, reLgtilltss ofllhei castes. [lie crops prtuuced ill tile
 
+tr-ca include rice, Ilaize, Ilillel, whcaf, IlUtS;Ill
tnh.IcItil's, ,(idsce.dS, and
 
potalo>cs. AkS msc~< ;thout 25 jwlct~. sinall
lilrts ol intcomc, (;i) <ow,' 

shops fr timltis (Itest' il(rc baital 
(horkate and Maidai): (b) about 25 ttihrs *irmcmupl \d ill o ichigh 
school, oit' lower sccommdarv school, and two )rimilv hliols: tlld (c) tilie 
Ktiiilials living at tlh low ,'Its-at it fish Ilomig thel)cauitni .[River and the 
Bhtstnldi Khula. 

Fuelwood is the miajor nutice of 'ertcuoking. Ch/.o (seli

tea aild stl lo;tcd ill tmiilv two altts, 

' 

enclosed mud stoves)and ageua.%(ope!,, fieartis) arc .abutcxeilNh dis
tribtted. No feling of immediate fielwood scarcity is vet noticealhle. 
Kerosene is uised spatiligl fOr light ing kupiv (wick lanlips). Iloileiiade 
netliatical devices arc used tr rice huilling (dhiki), griiniig grains (/ato), 

and extracting oil and molasses (ko/). Water supply is available within 15 to 
20 minutes walk From the htusehold but is relatively scarce during tlite 
dry tnontIs. lraditioual irigatiolm canals (kuhi) are lilited and tile fields 
are mIost lv raintfed. 

Acc<tess to((hholrak is 10t \cy t.'s\, lIt hI(ntgli it is Ilut as reltc as 
s me tioltI lrtcri patichts ill (G;oikli; (list rict. [lI'e lulttiwaat licadquar
ters is located at about uit bours walkiiig (listalce Itoilr tIthe(list rict 
hicadqua-tems atd albout t hlcc hotrs walking dIistance froim t lie ncati'est 
,iotorable road (13 kili along tlie 25 kill rtad I'vot .\,it Kliarni to 
(;orklia). 
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0nii 7'uy t(1(.J//flu, 'i~h BljIlmharw )Pmavo. (B(Itl() 

The Energy Project Objectives and Scope 

lhIC actiol) ies -iichproject oil eniergN i (;hhoiaik was condute(d 
rom F'l)riiily to.Jui I 982 a1 ijoiril uirllaking ol the Resource (.oil

seiatlionm,liii1lili atioIi )roject (RCI ' teil ResLll'Ce S'StelIS,ilih 

hiisl i ilte of'lhc Fast-West (Cnter.(:hhoprak wasc(llIel aifter iie(olliltis
salice st (1tourIat he el(l (f I)elliel 19,81, to fivc out ofsix "lead" 

' pailchailfs il(orkhia (listriclt. I'lile faictor that flioeiced Ihe chloitcili 


'asi li e ojiort iiilV tO (torl'v(llt I Ie f)iotcj(l i lirc silt's of(lilioprak at 
lificiejit i't'AtIallS witlh Ihrtlti(fifftiil )op)iihilioi coiiplosil lills. i'hc 

ol)jectlives ofihlie prolcl werc 

1. 1O test t it(lllij)il ilbility' ofselecteIl litrerg iin villgetechinologies 
colnditlilns. lhI leclitiologics iiiclil sediokeless sto\, lihiaLy)Ix Cooke; 
(cl*;llli(:,S;m(lusl .i1d otlier l cs, solar wallr healer, solacr (10ol)dei; 

solalr (laiillt (lier,solar kiln, hvdltilic rarm, il)rovcd witer mill, pedifl 
thiresher fOr paddy, a;id 1iogas: 

2. TO iiillltilit tichiologies ill selecteld coiuliinlities h'(leternining 
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their feasibility through local people's participation in all the phases 
such as identification of'technology, planning for implenentation, and 
decision making for blenefit-sharing; and 

3. Tlb assess tie practicality of extending the methodology demon
strated in Clihoprak to other areas.
 

Assurance was given to ine by RCUP prior to the beginning of'the field 
action program that a maxitnum of Rs. 67,000 (US $5,100) would he 
made available 'to- the implementation of energy techntioogies if and 
when they are identified as appropriate by the people of(hlihoprak. 

As initially conceived, three communities were chosen in Chhoprak
based on population(dist ribution according to low, midldle, and high
elevations anid the corresponding distribut ioll by castes and et ]lic groups.
The focus was on (a) the Ktunhal group itt ward 9 at the low elevation; (b)
the Brahmin, Chhetri, Newat; Sarki, and Kani grotps in wards 5, 6, atnd 
7 at the middle elevation; and (c) the (trtig group in wards 2 and 3:at 
the high elevation. Before detailed discussions were ,;tarted separately
with the three groips, a deliberate effort was made to present the ration
ale of the energy project at ile general meeting ofthe Paanchayat Conser
vation Connittee" made up of representatives f'rom all the wards of the 
panchayat together with prominent members representing lie Farmtiers' 
caucus and the womens catucus. Village-level extension workers, such as 
the soil conservation assistant,junior teclitnician for agrictlture extension, 
junior technician for livestock development and animal health, and lie 
forest ranger were also represented inthe C)m il ittee. Th isa pproach of 
entry into the village was adopted partly to formalize my presence inthe 
panchuyat, partly to falmiliarize people with the role of'energy inthe 
context of resource conservation and ttilizat ion, and partly to notif'N 
representatives of'the wards concerned that I would he coming into their 
communities for detailed discussions. The endorsement from this gen
eral meeting proved to be usefil inifreeing people froni aty sustpicion
regarding the legality of my presence within the panchavat and also in 
establishing collta ts with prominent memtbers ofmanyi' wards for 
future tmeetings. 

Subsequent meetings were held insmaller groups of'representatives
from the selected wards. The discussiotns emphalsized certain specific 
topics: (a) conmunication of advantages and disadvantages of all tile 
technologies interms and concepts understandable by local people;
(b) participation in the discussion of as imatny strata of:people as possible, 
not merely the rural elites from the existing political hierarch; tile 
traditional social hierarchy, and the opposition factions: (c) promotion of' 
self-reliance (i.e., RCUP assisting locally initiated efforts) instead of 
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fostering the so-called aid mentality (i.e., RC _)P solving' their problems); 
and (c) evalnat ion oftraditional internal organ izatiol s and viewpoints to 
facilitate adopt ion of new technologies.

lie discussions were purstied along t hree t ypes ,ifreasoning. First,each ofit he technologies can pVtentiaylly help riral )eo)le to improve 

their exist ing condit ions. Second, all oft hen. are vir uallh' untested and, 
therefore, ill spite oftheir potential benefits, the peolple need to decide 
whet her or not they are willing to take the inherent risk associated with 
their adoption. Third,when people choose one technology and co.trib
lite locally available resources, R(i'P will contribuite in hringing external 
Iesour cesias aplpropriate. 
The responses from each oftle three communities after the initial 

discussions were d iftlreit. Each oftliese responses as will be documented 
below is(Itilte instruct ive abiout diffizsion and absorption of energy 
te(hnolhgies. 

RESPONSES OF THE KUMHALS 

Need and Technology Identification 

Remnarkably, ai r all initial discussi, i wit lit hen about various energy 
technologies, tlie Kiinnhal c(ioiiiltiliity identified their owi needs for an 
inlmprv'e waler mill. I lowever, adequate water resources were not availa
ble to turni lie waler wheel. 'llhe generation of about 7 ll) (5.2 kW) 
requires, for exaiiple, 70 Iiters/second (I /s) walertlow and I 0-nleter 
head (Balaiju Yan ira Slhiaa, nd.), but tlie perennial streaslls around , lie 
coinllnity liave onl abot I I /s at1low head. Even though they recog
nized the sciceness of watr sul)ply they held olto the idea ofthe mill as 
the most aplproiriate energy technology discussed illthat ineeting. These 
anecdotes express some oflleir strong feeliings. 

We need tie mill to ini)rove the futiture of our children. We
 
[the w(lleti] spend our lime every day from tile Ilonieni the
 
cock crows till eight or nine ii the iiorning to iiill the grains.
 
Soinetinies, we do noi finish the milling in time to cook and
 
feed tie childreli before tihey go to school ami(i lile children go
 
to school with eiitly stomachs.
 

Our womein are so preoccupied with their housework incltid
ing tile milling of'grains that tihey have no tiie foi their
 
education. We [tlie nien] are so ashamed that they cannot
 
articulate their ideas to yotu even though vou wamnted to get
 
their input in the discussions. We hope that by saving oil their
 



labor; w be aleleia'to get them i\'ol'ed ill some activities
 
similar to those of'the Wonen's 'TrainingCentre in Kliittdhur
 
[a tnearbv village].
 

lhe whole fatil! including men andl wi men spend Ithe ent ire 
day iII trying to extlatt on(, mana olut of'one ptlhi [8 m(a,s] of' 
iilustard or sesame seedls whereas wc know that il Ihe Katalari 
mill [at about -5 minues walking distantel they can get it least 
twice as mitich withoit having to sufer t hroighlit ll'physical
 
st les s.
 
Sihe mill owners at Kalahari .mil lkii are making so much
 
imoney that wc t hink the mill tnii te aI pot ita)l, ventire. 

lhe mill seeiiis to be the only tectnlo ogy in 'our list which will
 
be'ncfit all t lie people lroli all t lie live 1un hal villages. I Iwe
 
choose allother tcchiniology we are afratid 11111 it will tetefit
 
one o1 two groups and leave ollt others. WC don't want conflicts
 
which nii.,ht split om. toget herliess.
 

The idea of having aimill in tlie comutnit became so stronig that 
everybodv was talking about it. Sorer' olt hiii collsidered operating it 
with diesel iftnothing else could 1w done, but I wtriled t htem about the 
low profit margin and relative inac essibilil ot lie fuel. 'lhw challenge, 
lherefore, was to find a viable alhtenrnive for fuel so thaI tlie iiuill could 
be rii at a prof it. For this reaseon, tlie process ofiliogls generationIwas 
seriously co sid ered. A comllex set of iegoliat i101s was, howeve; 
necessarv or ;assesiiig the implications oliimplementation. 

Negotiations During Planning 

Three iiit)ortaiit luestions had to be resolved. (1) Is the idea of'biogas 
generation to run tie mill (including a rice huller, an oil expeller, and a 
grinder) feasible from tie technical and ecoionic perspet ive? (2) Who 
will finance which comiponent and how? (3) Ilow would the comnunity 
be organizedltr implhnena ion, decision-making, and control of 
operations? [he"role of internal and external actors (including donor 
agenciesndleclology suppliers) had to bc critically exanmiled 
and integrated, 

Gcobar Gas I-ilha Krishi Yattra Vikas Private Limited ((;obar Gas 
Company, lot1short) was the only institutionalized sUp)plier of biogas 
plants in the cotnli my. Tclihnical consultations were, therefore, carried out 
with thent. From the discussions, several affirniations were possible: 
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V. . 

I)ICIA ilr the' tern's o/ l~i(Whoial Lh'i 'elpmrn1 BRank hwn. (1). Bap-achalyva) 

1. 	 Ilht compalI h;uld atrlll\(I Iriedl out (dct'snillpcmnel
taI lio IIno 1r11 1ing hiogats I I IroItIgh ;I dual-tu1' I i 1e to 

11cI.. AddItion of 

expeller would tc((icHItllv b f(li ioblem.
 

olJc;ite Ihc 11c 1111 Iic giiikleraI)(l IhiIil 

2. 	 lhe 7-hp engine -nIIIlhe mtl)tCd t() it dtl-fucl Ol)erAtoll to 
Us(, 80 perccit hiligas ad 20 percent diesel as f tel. 

3.."l)l)ruxi 	 imt(ly , IItI, o f)ligd S (IOf) c)ic feet) ;rId 0.2 liters 
of fiesel "wou<ld bc ir'l to ]till the enlgine l"o I Ioii. 
I leiite twl,'o l)iog;Is lants oI u(hils dme design witlh 2() i' 
internal \ohitc wouhl plirliIit, stif1cjewt gas lot about 5 
hours of openht jun pvrdlai.
 

I.Apprxinattly 3(
300 kg o fifitfsh ,,, , (cow dlg) (ofr an 
etuivalent llf 15 tinitls ofgo -ar:ot till - 20 litercapacity) 
woilcl heC icuuird. 

5. 	 li'h (' st olfilogas Ilamt coinstiructtioin, the mill machiniery, 
and its installation is eXleCte(l to be alb)t Rs. 80,0010
 
(L's St3, (m).
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Although, I, as lani, initially made tie coitacts with the (;obar Gas 
Company and got them interested in a "possible project," full discussions 
were carried out by bringing together the company people and the 
Kumhals. This became txmssible when the company agreed to send a team 
consisting of two members of their staffto the village. On the day of'their 
arrival, a meeting was announced in which a large number of K uihals 
attended. The technical aspects of the hiogas plants were put forth by 
the company people and very insightful questions were asked by the 
local people. 

The idea of generating gas from gobar to run the inill sounded bizarre 
to the village people. Moreovei; they could not believe that the gohar 
could be reused as farm yard manure after the gts was extracted. They 
kept insisting: "If the millet residue after extraction of alcohol (raksi) is 
unpalatable as htmnan food,how c;n the ;pet slurry after extractio n of 
gas be useable as good nianlure?" Since the gobar is great lV valued and 
was in short supply, their fear of losing 15 tin fuls of gobar pet day was 
understandable. The people from the Gobar Gas Compauv and I tound it 
difficult to explain the scientific facts - that the i trogen and phosphorus 
content in dung (ofntutrient value) was unaff'ected by the generation of' 
methane and carbon dioxide, which toget her contain only carbon, 
hydrogen, and oxygen. Eventually, we had to ask them to trust us and 
promised them corn pensat ions ift he value of gobar turned out to be 
useless. 

The people also had some very poignant questions about the organiza
tional aspects of operation and iailitenance procedtures. After a .- hour 
meeting lasting late into the night, they apparenitly were still tincon
vinced. Yet they did not abandon tile whole idea becatuse, as they told tie 
later, they could not believe that we outsiders had come so far to tell them 
about something that would not work. The consensus at the meeting was 
to continue to explore and to decide later. 

The question of financing was also discussed. The RCULP energy 
budget alone was not sufficient to cover the entire cost. Sugestions were 
made to ask the Agriculture )evelopment Bank of Nepal (ADB/N) to 
help. I was mandated to explore with the officials at AI)B/N their 
program of providing 50 percent subsidy and 50 percent loan to cover the 
costs of constructing biogas plants. The constraint (I fo imd out later) was 
that the scheme was being implenented only in ti panchayats where 
Small Farmers' Development Programmne (SFDP) was in operation and 
Chhoprak village panchayat %as not one oft hem." Nevertheless, after 
long discussions, the concerned AlIB/N officials were persuaded to make 
an exception to the rule. The financial scheme was subsetuently devel
oped in this manner: (a) ADB/N would provide about Rs. 15,000 (US 
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TABLE I. 
Landholding Pattern Among Residents of Chhoprak Ward No. 9
 

Size of Landholding Kumhals Other Castes Total
 

Category Range No of IIR Area No of till Area No of till Area 

(ha) (ha) (ha) (ha) 

Marginal <0.50 21 7.6 21 4.7 42 12.3
 

(20) (7) (64) (28) (31) (10)
 

Small 0.51-1.00 40 29.2 6 3.6 46 32.8 

(38) 	 (27) (18) (22) (34) (26)
 

Medium 1.01-2.00 33 46.2 6 8.2 39 54.4
 
(32) 	 (42) (18) (50) (28) (43)
 

Large >2.01 10 28.0 .... t0 28.0
 

(10) 	 (25) (7) (22)
 

TOTAL 	 104 !11.0 33 16.5 137 127.5
 

Note: (L) 	Constructed from 1981 cadastral survey records, Department of
 
Survey, His Hajerty's Government of Nepal.
 

(b) Numbers in brackets si;;nify percentages. 

$3,400) for-the )nStruction of!wo 20 In' biogas plaits: liallas grant and 
the other halfas loan repavablh at i percent interest over a seven-year 
period, and (b) RCt P would pirovide tIhI1bdlatIce ofabollIt Rs. '15,000 (US 
$2,700) in the forin of anotI ier grant ft i te project. 

The niext big question was related to 'nInlln unit y organizat ion. As soon 

as tile funding possibilities were confirmed, tile Kunlihals had to tnake 
a decision. Although they were reluctant to seek aIloan from tile bank 
(having I'ever done so heforc), thev (1id mlot want to let go the opportunity 
of accepting government assistance through RC LtP[ Ir- their owi 
"developiment." If they did, they felt it inight be a long tilie befire the 
goverln ment would t urn to t hem again. At ie sane tine they had anbia
lent thoughts abo it "developinunt." They renemnbered one "develop
nent" project (I new irrigation channel along the l)araunli River basin) 
that became the center of nanv Iid conflicts. 

Compounded with their uncertaintv abollt liogas techlnology and 
reuse of slurry as manure was their ft':u thaIt ifthey provided their land as 

collateral fo a loan, it could be lost. T'lhis couldi mean a substantial threat 
to their sulbsistence because theyl depend heavily u1pon the products ofthie 
land fr their livelihood. As shown I"TkIble 1,landholding among the 
Kutlhals on tile whole is qtite small. Only 1) percent oftie KtIrnals (10 
heitseholds) own more than 2 ha. l'Tiose who own less than I hal constitute 
58 percent (61 houisehohls) oftotal population. When the entire ward is 
considered, tie outlook is even worse. 

http:1.01-2.00
http:0.51-1.00
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The Kudihals also iliistrusted govern liient <officials and were relatively 
isolated firoin many dt velopment activities. in terms of social hierarc hy, 
the Kiumrhals were ciisidered as behlnging to a "Ibackward" group 
(similar to the adivai. in India) and the Kimlhals themselves were self'
consciis ,a)out this. Conlsequently MoSt oftheili were visibly restrainled 
in front of pleople fron outside ablolit voicing their opili ins labout t heir 
nieeds and priorities. They themselves described how, Iii it ii Iecenitly, thcy 
tended to keep away from any outside visi tors. Their in h ibitions Were very 
much linked to the history ofstui)prcssioi, manillilatiom, and exploitatiln 
(,.the Kiiihals by tle Kumiali Bralimins olhie vicinity and others from 
outside. From that pCrspective, their iese.tli, about loans wcrevaiis 

understandable. They fleli iatti hey had always been tricked. The,did
 
not wanit t,fhi]into aliv trap. 1lhev ,asked many questions amt the loan: 
Whv'should we take the loan? Isn't ihc Ameranit[t (;overnmiienit giving 

money to ()lIt, govrnineit as granlt and nolt loanl? Wiy (foes not tile 
gov\ern mciii give nsi ioney ii the same way ?"()ilv several discussio is 
con)ivinced Iliiii ihat (a) l)udgel const raints with r+e.sl)ect to tle energy 
project tineait settling !i- a smaller and less expensiv'e prject if they did 
nnt take the loan, and (b)I was not a pail of ally ciis)iracy in coilfiscate 
their land. 

After<overm nlitigtlho+se initial reseirvatimois ahih t a1loan, we had to 
establish the basic ecolimilic soibiIness oft ieI)i<wJect. A detailed assess
ment was workedIma in the )resenc:e of the people. The pe)ple hirnished 
tihe data f+,r realis.tic amontiits of riains that are likely to be milled by the 
K uiMhials ame.Milling raitcs were derived Ironi the people's own experi
enctes at the mill it Katahiari, ,aboutvhich is located -45 minutes walking 
distarice Conserv ativel, estimated, fvenuest monilling those grains, as 
shown iII labble 2, amounted to about US $1,830. Anntal costs also were 
calculated conservativelv and this amointed 10)about US $1,740. The net 
c..,ah flow iina year amounted to about US$100. " his indicated a no-loss 
sit tation to t I.e people beca use they were certain that in me grains from 
outside their iinicliate community wouldtbe milled. If: he inill works at 
ftill
capacity, say 8 hoiirs per day instead of'5 hours as is tie case with tihe 
amount of grains indicated, I lie tti! revenues increase lp t US $2,900 
and the costs to only US$2,000. In both cases, the 1)enef its do not include 
such iletus as saved labor or greater amouits o!'oil extraction. With these 
figures in hand, a stifficiently large tm;herof people took interest in the 
projeit. I)espite soife dissenting voic,, the general feeling vas "We must 
not give up t lie project at any cost." 

While the pIro:ess of ieg, tiation continued, ,,me quest ioins lingered ill 
my own mind: Were tile Kumlials ill a position to cooperate together as 
a group:, Did they have any precedence fow coninitiity involvement iii 
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TABLE 2.
 

Annual Revenues and Costs of the Biogas/Mill in Chorkate
 

Annual Revenues (uS$) 

(a) Dehusking 73 metric tons 
(@$.00 per 180 kg) 

of rice 
405 

(b) Grinaing 48 metric tons o

(@$1.00 per 50 kg) 

f grains 

960 

(c) Expelling oil from 7 
(@$I.00 per 15 kg) 

metric tons of oilseeds 
467 

Total reventues 1,832 

Annual Costs
 

(a) 	Loan repayment
 
(@6%; 7 years) 305
 

(b) 	Labor costs
 
(24 pers,-n-months d $30/mo and 24 person-months 
e $15/mo) 1,080 

(c) 	Diesel costs
 
(300 liters @ $0.50/liter) 150
 

(d) 	Repair, rrmintenare, replacement 200
 

Total costs 	 1,735
 

adopting iliifloVatio I'l hev' were asiswered by learn ing about two in-I 
stances of'very important cooperati\e undertakings in tile commtunity. 
One was a recent purchase ofa SUgarcane crusher. Before its purchase, 
sugarcane crushing was done in the saiie woodeln press used for extract
ing oil from oilseeds, an adi ittedlyxivery tediodls :a ineff'icient system. 
Somehow, they heard about a macline in Itlie ma iket that did tile same job 
bulit much llore efficiently. Whal! I tound remark;able was that the group 
decided oi volulillrv Colltitionsloiii intler*esleL persoin to acciti\ }id 
mulate Rs. 2,80(0 (WSS2 I)) for Ilie lise. lth Tihe contriil ltiolis ranged 
from Rs. 5 or Rs. 1) rupees by tile poor households to Rs. 100 or Rs. 200 
In tie better-off households and up to Rs. I,)00 Iv one rich hotsehold. 
Despite tile variat ion, each contributor was ctitled to do his own sugar
cane crushing a ill) additioal cost. The persoii who contributed Rs. 
1,000 was given ilie privilege ol keeping tile machine at his h.use and 
anyone who watlled tihe machine had to make necessary arrangementI S 
with him. As Ia- as I could gathe, tile system was working out very we!l. I 
also :;aw the crusher used by noncontributors for a re'atal lee apparentIly 
redistributed to contributors according to t lie num)er of shares they hold. 
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Allot Ilet, ilit erslt il-g o I I II I it ivilNlv'llt'ilt in lv d'tthe establisl
,Ille ilt Ini IInlll l aiiid-VschInl ;ihiii (1 t'isa ,ago(II lasi Iwe then 

bl_'t'il expaniitdddit a l vi., l'lai,, schoil). 'lihe idl'a was First conceivel 
by.i1lt ltidiur K,uiiih wiilc i'"wof kcd InI lte' i,,diiiii ;irii.v. l Ie was
 
greal elliitltred atl 1 ccalls
I li liii ),'' ' It(' coldIltii ti(Ivl\iic iii his
 
position lol, with Ilis I liiter" o(i par(. I Ie dci
pe'i sbc, ittlst_' isl, Idcd, 
-civ with<w vli iets Intist sulo iViO it it ciio' ii11 iI ii. ilioniaiifttholl l disablill\." Ilo: cm+n<+ ha:clkt< thI')i vrillage ani l|mic itl([. .pe]( "so{|+1a o')lll
filItH ',l lobuid lle so. of grtaho(J. Ill splitt riHcIStali Im11s ()\'I
peo-ple,.1 it lBah~tldir lpcrs+'ql,Id alHid Ihiall\ stucctedltd litse+ltling 1t1) thtc
 
schoo<l %%hhl !p'opI,,
coo<pe>'lliolti atjid coti r.1btllo i,litl11hd ilh'ut>d:,\ is MIl 
uxliconlesled leadierol)llet<( ()IIIlIIltt 	 Vll nh h11ctlik:.- ~spl pi ido. i [IleK
 

sl:ccc s oit lishoo.(l. lht'h'ss l s heit iiilib it i haladilhas i.t(oili illeill
 
his (MA WiIoi(ks lit s Ionhowh s:
 

Getting thee pnpl to ,wrk ;ot'lhir it iatprnt1, iti) ilatttt lin\%. 
good it is, is 1(li1 iWilli tiask. It is p ssiht, h , vrei. 'lit' hl l r
tint thing is lmii those who takeae the rii lv rt'sp)ilsiblility nt
 
Hot explect Instaii itg()illliiIl. 'lleYimust he prlpa
led to 
receiv ;1)ab 1ses. 

lsill ail 

was excitilig. I It' also hadi li' sippoit n)I 


iI this coltext, . it Balidi Im'sI lith ii bolt Ili' iigais/1nill p1roject 
two ntlit'r stioiig leteIrs this
 

litl. Flit , ala ii .l,1irilial aind Raj .ihii alwhdtr Ki. ilial. I f'elt that,

w ith t il pp'll'ct('01111iliilil1vill of th1v trio. thc: llecc'tssatl'N'llt 	 C_()IlllllltlllitN • 

organi/ation woltld l otlit hcoiili. 

Promises for Local Conwributions 

Still In0re' spt.cific plinillises frm tile illagIr., were necessarv:h 


WI.
ho vold prvidt' li'laind mir collateral I lrocure AL)B/N 
loan?: 

2. Who woilhl ldinrvidc,Ilie dniiig otrttle iliogas plant (ll)eition?
3. Whet'r would tile ilogA iciplats til Ilie iiiill l locaited and who
 

wilil pro%idc tile! liii, f1ri lIeproj'tttsite?
 
.. 	Iow wOiild he ciitriiHilinnioflibor lit' iriligt'd IMr cairryi


ol -(il foll'hoc~ill <i\iilblc'iiailrills,IrIllsporal- lollx
e. il] oft of' 
inlichit,. andt iillittriails brouth M Fro)nt otiside, aind~Collntruttiio nof is latis aindinsillatiin oftinili nllchinero 

Additional piiblic inetc'tilgs wec hi'hlto elicit )t'oplt's conmitillments. 
Regarding collateral, it was first decided Ihit cont ribtitions fioin a/ lie 
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TABLE 3.
 
Distribution of C Ilateral Land Contributors and Other Supporters
 

Total 
Land Other of Involved 

Size of Landholding Contributors Supporters Households 
Total -

Caiegory RanpF No of f41 No of fil % No of fill No of Hi, % 

Marginal <0.50 21 0 0 3 14 3 14
 

Small 0.51-1.00 40 1 3 23 58 24 60
 

Medium 1.01-2.00 3.1 11 33 16 4b 27 82 

Larye >2.01 10 j 50 3 30 8 80 

TOTAL 104 17 it 48 46 65 63 

tlleltlies of tIic (otitIltiitVN eet'c ti heIIce.ssa" 1101 (lesiralle. Thc 

(lecisioni ilst.til was to have rle-illlt'ttvs selected front ealch tof lie five 
villages i tIe (oIIt I Ii I\'. WriItIeIiicgrIeeet wts dee|ed vii!, so 
altogether 17 eolII ftoi tie five Ilo cd thei Ibprits12 onI lgeSp l. 

a I)ill)er L01nlitting them to Il ovidilig land for collateral. Intercst ingly, 
all bll one(of tie 17 lW)olplc were cit hehttllditi or"large landowners l-v 
village stlaldar(ls (labeh 3). ,lhlt onic siii;ll landhtolelr was the tei(cher, 
Rajetul(h't BahIadih KtmIlil;toftfI thli. strong.st st iott.Ilcs oft he 

project. Sig,+ificatttly, t his cohtlIllntitv decision fr-eed tile mnarginal and 
small lhlttieirs (58 pee(:_etlt oftie total tnubt of |lotsilhls int lhe 
co)IIIItiIity) foin the risk (,I losinig thelt stil),stcet. Also, sitice each 
conItribtitIng household I)I-)\'idel less titiI (I.I ha, o. on tIeIlctveir;Ig, 
a)ot~t 5 piercttt oli hotsehld's(toal landholing, 1o imnteliate threat 
to tile contriuttor's suibsistetce was posed. Itwas ;a iIIlpIcssiseyijttst 
(list I-it-, ion of 1est)otsililit i5tsdecided Iy the people at their own initia
tive withiti the collillttiitN. 

Another kind of risk was .Isstllned by .t8ot her suppoiters oft he 
project, who joined ill agrecing that ilI6r am reason, the IIill ranl at a 
loss so that repliletit to AI)IB/N isi gotily :till iticolie \v.s impossible, 
all signatories totaling 65 people would heJoiitl responsible. Even if' it 
worst, the miiillhad to lie liqtidated,they all would share tile burden of'
 

rel)aytinent to AI)B/N so that tile collateral land would not lie auctiotne(l 
ofl by the bank. This idea w;s cotilirmed in a plublic mneeting. and every
body agreed to fillow tile acepted tr.ditionl of sigtliig a kabulival tama4 uk 
(cont tact tl .|greetint ). The Inechlnisi is clearly an eflective way of 
cuishioning tle rsks associated with an innovationI. [lie large-scale and 
mediutii-scale latdholders were stillthe pritcipal risk takers ('lbble 3), 
although a significanit atiulibe of siiall farmers were supportive as well. 
This is interest ing because the benci fits fronthle m ill would be shaed by
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[l(t oInk those co trilliolS but all residents if] and oultsid the 
c()inhl1u111 it V. 

lhe colIstrlIIts i:PlvolhiNg [he sIP) ly olobal' (300 kg) had less IC)(1o 
.fillthle ;nilno t thwll vth logistics. If~all ithe households in the co011111u1-

IIitN' coIftriblit d, t 11,i- bringing IhwI goar and taking hack Ihe sIurry 
dail\' 1I1Id be (lifficuIl, IInsto I b a I I hIevillages are spaced far al;I't. 
Se\ evi ISuggesli) IS wII lisc,:sscd, in the Incet Ing. ( )nc sIh Iggestion 
wals to l)cate the Iiio;is/inell (lie vill whose resi(eInts wonld takewi 

II e p ti " a 

S\eral "omiilicit lIlls were, lnwveL\. alt ici)at'ed. I ill'i ile course of'
 
tat (isc IIssi(,..S;Iita B;((llI(II kIIIIiih , ((l,cli I 'I icrii emen ill tIie
 

lie ('li ire (spo ilfihIiit V of sIlJF ik l I ,Iw1lr ofI .o1Iiolll()llS basis. 

h t si 

('oliiiiltN. spoke onlt , "I will providle Iile 11 
 t5ills, whet lieu or n1ot 01 hers 
pol ill thIeir shai .....Now that Ihat spoken ol(ii ii liot of eve''v
book, I will stick to i W l(dc\viI il l hae to I drlast,ml livestock."
 

File g(blXtl pleh..m was tiltts soivcd." .Maeiltn'iiits iilad': !ater
 
imtdite
cd tlt1 12 tills of goit (l ilI(e coilccled (IiilV mill uissibly ) Ilore 
(ililI tile wet st.;eso iI,F11 se('liltx ie;is(oIlS, hIoweve-r, I Ih (IotIhe. "IIICI's 
w IhiiII tlie irl 'lIeIIc\ic(h1itviY S;tIt, BaIIad itIr's IhoIse wert, porsuladed
 
to lrmuxldc Suppleicilellrr alilolits ol gol;i if' ialoi \%.its unb;le t(
 
sllllIl 
 tle requiisite alliolilt. Priituiiiv hec;atisc. Santll BlilidIil's 
viIlingncss to ilrovite thle goll; r,tcle asst tilt Il%;Is iIt' to locate the 

biogils/iill hHlienhis house .Accorditgiy le.agicedI)llli(' icIiCece.C))
 
land (.f05 lla). Iltllit\y ;lgree( to
lii retuirn fr all his Lil' s,thesol' 

provide him enoi gh gas hIt 2 hours oflig i ever\ nigilt.
goi' 


l.+ibh(ll((lIiljt )1 was tlie gixt ;,g ltd. 'lhe first cotcer was 1(1
 
collectIocalv availahlbIc nllwri;aI haoIfC.cm Ist rIIctim IHol'logas lIaIIts.
 
l,
wetIt culbic tlmietrs oltoic hall( t he dtig out, 110(bags of gravel (5.5 

I:,(_. I(y cruIshIt igmletric tolls) had to platel )i.,-gger l)ieccs ofI'stoio, Il 
1() bags of San d (20 nitetric tols) Iad to be coihecte(I lr'oir t ie river bert. 
Fintlly,all oifhese had to be translortcd )i liimanl hacks to [lie lhqjcit 
sie. A,.lso, two c vIi(Iric, ll its had to he dIg, each witl an owter circle 5 
muleters ill diaiieter and I In'ter deep wit Ihaii ilIner irItce 3 ileters ill 
dliameter anld Itete ,ecaitse. the const riction had to he comlheietCI deep. 

)cIore tle IIsoo1, l t his i r 'tthc work aIlo(.l oed
I thI'I cd I 1I' 
l)days. Considlering Ihc light schedile andlthe iarge volnllmef IlaIoIr, tile 

people (Iccide' that lhe wlrk Souhd be 'lIll racted (lt to i\ividuials 
fror tile collllIlllit\. lie questioln was h\%'IC ltFina.ce it be._cause a 
stbstIItinI ;aIolIIt of RS. was3,000 (hUS S230) was invo l\ed. ()co 1ltnio 
to use the dohnatiotl of s.7.80()0 (WS $600) Ibto be receiv( tle cotilulut

dnity f'rom A)B/N when the loan was salictioltle(lY. lhat oli was 
conisidered reasonable because Rs. .,80()0 would still remain fot other 
exl)enses. ThI(o )ople lrticularly walited to plurchase corrugated iron 

http:ltFina.ce
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v- -

331)icIis nliiooil",JIhc 1Vmisc diiltciic (d~uhos fm( 1331cml Rilg.(at ;(1X1Wt15t 

:1,300).. i ) elt 1,511 %N;[s c I M ;111\ omuig c1 isc(111 I li~ li t

nhi pIn t (? (0walkig(iili() ttil wdllth olnt cunkldLbn 
it Rs1 liiIh igisII l~tis (to sci illt l Il).5001t mit 33l p citigh 

(I Irlit Intl mIj IIl \ s.Htii \11111sI I.. I II\(d I I itI bs I I iilII Ic ldt) 



Conc~reteI U 'Uk oiU (i dolno'. (I). Bo~lj/U(l v)\ 

ulSe ()I llilneo I.11)0 1)%SJ)t.tlhIlig Ilw Rs. 1_500 that still trttiatil. It also) 
inirod(l tt I it-]tik%piobli. I i~okt vett to lbe pani lot1 tile rentialitiig 
phaise (If (otsit icttiil I ltOse whoti wvotktt l)ttiCIlSIN' hil( to bt eottu)tit-
s;Ite(I III SlIItC \%;I\S. A\ stuusilde hurtit a~s woitkti ou. Sinte i lie(po 
itilt\ ((is lor libotwi \tJI'% lilgh Ji thte titl, tilt '.otktts wereC paid 

ctt tIt lo'II tat I s 1 I (i 1) s1 )Iw If I I I Ll\. I y1i t I t O-G;I ih11; 11\ Rs.5t w~lisIsU 

oiled, lIb 111(111ex Httes. me(lto itlgeitiliuls l~ I(tbeI wotipitititc 



.7.
 

Re IIIo vitg ell )-Ih 11-om il.side IthI, (II.11di,".str?: M.Bla l I h. 

Satisfying Regulations of External Agencies 

In spite (Iht lielose involv'etntet h po l il pming andlhen 
Coliviction to continue wit i t lteprojct, poiblCms dcl)ced in Otirmalizia
tiou procedures wit hexternal agencies. Flhey wcsre ciused mtostllv hN some 

reguiitions olfexternal .agencies .),tM[l iI Wit 1h1Vl;1h iCs of rural 

conlit 1011s. 

The first proleuIm cmiri-iel some .s\o)me/ N regiulhi jo..\i)B/N 

wntcdl' lOt heit safkeepiug tihe proo Iof land owttetlhipI Ifrom all 17 
lpe, lte to t+.istive thatl t o tr'. i>llsatct oil thic +.ollatci-AIlnd wtl take 

twas [lie foal eop I 

two choices: (I) .atlilit(op)ies oflthe tegistetlcd ptok(d owieIshilp from 

the land RefOrm Officc 1i sthtiiissiont to tht AlB/N.0. (2) subtit thc 

teiiporauy title ofowl<rshiI i cttfir possession is5p1r <(I'.I Oh1w 

plice lefore the rel)mtitt c<nittIctt. oc lmte oif 

t i l 

Cadastral S r'\v Off iCc stlbse(ntic t to the land ::tvrt\e t(oiditttel tle %vear 

belre. People watteof to amoid tihe fi rsiahlteil ixtethao \ otll htim. lti1cant 

a linift( payit'lle 9 pe l tiftt hrtac-fhf, tmt sots.. person,phiss atn\ 
Consideri-d lIecessaII', ;lis stltfat thewell Is1111ch hat1assinlt 'ot' tll .t 

Lmind Reformn ()li.
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11,C1\)cl)lc 
Survey Off c+ had (list ributed the pertlianeit cert if icate of ownershi p
(lal/mija) lo eaIch piece (kit/a)o!laI I. Bt te te III iratxI i Ile listed all 
kittas owned Iyit 

Tie second altenati\c woill Ive been jithe (:Xulastral 

iarmer on (ne picce of lmper. In order to stil]it the 
ploofof'ow Iershilp of the collateral lan.<l, the owner hIal to StIihiiI the 
pr0of fi tIle lest of Iis land as well. ConIsiderIng the IIIistt't of't hc 
peoplc for theoffic aIls ,i( part Ititlarly tcle f ear of' IIatilIttion, plrtiIIg
wit It Iecentire title of ownershi p was tinaccejiiile. When Itlie AI)B/N
 
manager fiom the (;otkl+ia sib-briI 
 ca IIne witI h t hree ther colleagues
to the project a rea to coIillete all t ie ldlape work in one( day, tlIe ,cpeople
appreciated tile special favor-renlered Iw Al)B/N stal' I iowever, imore 
than haloilh'tic 17 people ref'used to submit the temlporav land title.
 

Stbseqcently, arraingemetts had to he Iiiade f0or the (liorkatle

Kuilials to visit the AI)B/N offices in Gorklia ain 
 see t heir oleratioiis;
Kumlials f'rom othe carcas who had AI)B/N loans and submittel certifi
(ties ofowiiershiip were intlolt tC(l. 1:1uliet; atssiatitcs were(tgiven that 
if; lor ayltlrpose of rcleteiice, anyone Iccded the l)eilaet, it would be in 
their hand it no cost "wit hintl (' mitiuites" oftheir arrival inI the AI)B/N

()ffice, providel tilat it wa;s Itl titlied agail alterwards. Also, they were
 
told that ulon receipt olthc lallillja from time (:;;IasttlSulrvey Office,

the temporary title of owiieiship would be retr
limiicl, an(l only ile'lalpnrja
for the l>aaticularcollateralland woiild have to he kept. lhcy eventuallv 
agreedl to that opltion, blut griigiuiglyso. 

Ainot her probiletIm developed coilcelliig the lainl to be used fo- biogas
plantts anl the i1ill. Again, at AI)l/N regulation requiled this laind lie 
placed as collateral. [fiat reqjuiiiel laud atii outle to no ,ilove than oneropani (1)05 ha). but it was part oki hig parccl (kitta) olabout 10 ropatis
(2 ia). The AI)B/N rcguditiol requiTed that the whole kitta had to be 
pro'ided, not sili)pl the pfot io! '.Iterc tlie site was to be located. Theowner" is well as otlhrey :.i, II lhectcoliIInutity CXlrcssed toiiderstltid
able resistance. Even the hlank mnager saw tile unltirness of taking-(0
roplanis frotii otie fli-Iier while tle test oft he grttp together provided
only about 25 ropatiis. lhowevit; lie was in it posit iotn to disregard the 
rule anl writien pertmissions had to be acquired from tile Central Office 
of ADB/N. Uider ordiitar' circuimstatces, the correspiondolence coutld 
have delayed tile programti signiFicaitly. I howevcr, the bank Ianager
himsclftraveled to Katlmiandu with i andbtatieotut il peirmissioti to 
accept onily the otie roiatii IndoI as collateral. 

A slightly (fift+etit ilbleim concerned the coist ructioti of'he mill 
house. Although tle ho al people had agreed to coiltribute fully, it 
becatiie ,artetlt III (file cor fliathatt his was tot feasible. Budgetary
allocations rom At)B/N anid R(CtlP had arcade ' excluded the costs lot 
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tile mill house Construct io. ,iteti'et I v was sought to avoid tmpii

cated budget rIIV:iotl. One hopiIoC was fillI i l tIle'COIlt ri)lit iotI of 

AI)B/N hn and subsidy, Ive I'ev I)iogas liullIs were I)tiIdtcd Il IiS II1ce 
oilyN,~lI-were nee~ded, Ithe rell,it I h hldbe 1c I l rlned to) (;obilrf 	 IIg eig h t cou 

I )e uIstId It)tolStlI It teGas (Company. 'li Rs. 2,()0() thts OI)t;lil led CO(I0 

mill Iose. Addit Iil I ltIds wee obIlled, this I I I rom R'(oIIRCP (wV;h o 

were providiu thielexilses fort iItbIlit g tIhI ill IIitlChltitolVaceordlg 
to a (1 llotationl 11'r1 (;ohr (;,as I.',ouljxttl) 1v includin, Rs. 50() wotli of 

Rs. 2,500 was evei'cI kl cofllcctedIocill collected 11ultcria Is. Ahtg 	et 

I 	 %ctncerleftr iill ho se cttnst lt'lioll (wit I 	ilhi IlflltfciMI knoNdedgc 1), 
iind RCUP: I). Clearly, the two o)lgitil itations stupportedolficilalsoftADBI /N 

the scheme, sit'11 W\ hwIIsehyes shlOWe\d Its h1ow to hvplss their 

own rules. 

Management by Local Control 

L.ocal cont rol was emllasi/zed throughotit the process, and decision 

tiaking in all cases rested with tIle people. ."lalageuellt tll-tolgh local 

otilrol wis ]lot easv, Itowevev; it h; to he developled. For ex-alple, 
sollleb ,d\ fr-o 1 thIe com 111nk had Io be Itr;ained liar lIhe op l~t (i~t]andm il\ 

ntialtltt'tlalce IIh iopus l)l;1 111(1id	oft 1thil IllIlach ilcr'. R([' P;igr-cd to 

I)(0l ,i cl(fl hi1 lo lit- Bu\,Iw.tav lie Illo lhIlvl sltlil Nto o1k'l l ] l t 1 t 

l)lnl(hl tlt( ;otr (as (nlnt\ hot rlat(atillilg l.(R i'P'sexlps. I lis sllarv 

wI.s to Ie cl tiulollel uilit iitlht' 1ll1 wits gctler:t ihg tegl;lillcotlc. lilt' 

t
peol)le, illsiste(, ilo)e\Veflathill' Iwo (Itls welt' le(eSsllV to iik' tlie 

O1)CrIiliOtl l1(I t' lC')t't(liltflt' ut1(f stlggCtstt'lI (lcsig lilltito tIlOletC trs is 
iplprentices who for (lie intlmil period would shlrtc onc' hill op~l-mrs 

)t v

tlle.,t~t. lIhe olteralols llso wertort'lclitet is cilltl 
s., '. ihisll'ss'I' l i)l le ull t'i ,a preco~ldit iol lt* Ill t ,lolse hlpi 

t 	 j)toi~hc so1e latitl 

lor-tie AI)B/N loatn to givet I lell) a stake iti tlie mill. I ftIhcv fidllot haIvC 
atl\ regislert.,dl latl in thr111'wN 	 lwtiI, their tllilv Illelflets (011ld do so1 

oti th.r Ibelalf. 
The Peo ple chrisctwo yo'>lu \'lh wc'rv slibscqulilly+sc'i to+ ng 

,l fo r I rt i h .li,a tio l , a n d Il t u.B~u ,,+w :ttw o'-w tce k i l ng I i tl ',i+i ct lu c c o)I 

lhiopgs plants. Tie iltlitg was scllelcd priorto(Ilt e cotttlttlltItl Of'
 

biogas plants ill ( hokatc. \fill opetritltin training wis selatate. ()tte
 

lieclhat)ic fromlil cne paltl( exp)erittctc ill the o)erlatlion
lt'tILc w'il 
whetl theand tinttetitcwte oftiill illncintl\'twas brought into (horkate 

tluchilntrv\w;s illstalle. ]wTstayed ill the villige lrilt t lonth ;itt the 

tile tilhl whille gUldintg (Ile two local operittorsexpense of RCI. P ild ran 

oi theot.

I also carlried oult iuth,01iIl training to ;acquainit (Ile Rllilhals with 
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for tip to four hours, because of' a lack of a sense oftine, not tlack of 

interest on the part oftl "*uimhals.These neetings were extrenieiy 
important, particularly s..e tile)' were obioIsly participatory. The 

sharing of the responsibility in decision iiaking 'rn tlie beginnu,ing ofoi 

tile idea paid offwlien (ihe program was imllemented. 

A more folr ial organizational structurc, the (oniutitnity Mill (oaifnit

tee, was also established ft decisioi iiiakig. All 65 sigi atoi-ies were 

menibers. The 17 ninbers who provided tlie land for collawal made 

uip the executive body; tie rest were known as asso )ciate Ineinil)crs. Bothi 

Inemlbe' caltegories enjoyed a 10-percent discoliuit on their milling activity. 
jit Baladur Kumihal was chairmai (tlsthe dciairu1ian ol'ward 9 in the 

village panclayat and, as melit ioieod previ sly, t hi most respected leader 
aui,,ig tlie K lihsals). I le was assistcd by Bhot Balhiadtr Kunilial 
a:, Aie vice-chairnman,and Raj.endra Bahladur Kutinlil issecietury/ 
treasureir. These three Ieople carried out the special t. spollsibility oi 
being principal organizers aniong tile Kitinhals. 

lhree sul)coinluiittecs also wete f61int'd to address three concerns: (I 

to enstlie provision ofall tile illputs t(i tile biogas planitsasieeCded, propeir 
maintenance of'mill service, and pr oilpt repairs; (2) to check the accituits 
regularly regarding the iltflow aind out flow oftcash: and ('jto adiiinister 

the net profit from tlie titill ocpelati()n. 
Regarding the third point, the net j)i'Ofit I Inllt 1il! beli was to 

accinitilated into the coiniilttitvioprovidilt fiid. '1,hisftilid -wasviewed 
as tway' to share the bell'its ailtotig all cotiitiiiiiitv residetlits. r'he fond 
was to be used to prov'ide Soial services sul ias repail oft rails or con

struction ofdrinking water ficilit ies or irigation schetties or provision of 

interest-free lolns to tie needy or potetllial investors frol the ('ollulO

lity. '1lethird suliculiittee's csol)o>isibility was to assess tile iinvestmneit 
ciiteria and plan fultre activities etiiphilsizig tile colititittity's plincipzal 
priotities. That stbcomnli itlee also wls expected toficilitate use of'the
 

fund as seed money aid to stipulate reasonable and timely rep;aymen 
schedules. Each st'bco!init tee consisted of five people 'epresenting the 

five Kitinhal villages, wit hoie itelniber froil tle executive body as 
clia lii i i. 

The Outcome and Some Reflections 

After Five months of plaming, organizaltion, and negotiations, the mill 

was ready for Matuguratiotn on j tly 11, 1982. '[lhe newly elected district 

panchayat president participated illa tbinal ceremony attended by 
dignitaries, RCUP sta ff, the var'ious line agencies,district officers fr-om 
class olgani ations, members of'the( lihoprak Village aichiayat, and 
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the Kum hlals in M Miiae. Ile Ku hiii~iCdlinirmlls wel-e pppi-i
atelx ieIiiria lie~l~estw IhIle entife (list lict,' .1a mod)(el 
101 RLTl," and~i "peoples liiriiiliciiii i)c.I.iiig fris wheil (ViliciSin is 

wouiild tiit iibitiiig. (iitiii if)be iiappiN Alth iiieolIeN101i'i sover? 
liioledciiv it wld l. Ifn the. ptojilts;be11 aI~iiagc to)iake Ilie niai

riage wink. I iC idli i iIll.b goii(', '111( OWlNtWI ili hIA\v Io)iC.SOI~.n'y 

but hieis Iolt w1uiibic ie. nci;l]e ~iiiicl im]i thec lI(Kt( ( in( wkhi 

()if(- mlouthl Awil- Ili( inmilgilatioll 'tcii 1(MG1m, (olgriis iere 
anc."sil*idacciiiic of R". 1,087 \ ci" ,11N1 Iblis wa a xci 

ihevliiicul (I) gas~ hcikaige it tuilnico mk, (2) ditsti Icikauge ili (ie 
ctigilile. (3) lihc 1lctessiiv o Iia gl(%is (iup1i) 1 \a" prinsWisl car1t~lici 
()I, (.1) lhmsc \-biil aii1d (5) shotit;igc- (d gobri( i il liciti tanks. Worlst (d all, 
aI iinktii itit hiad tmiid scliouiis ilifillNto) Riciihia iBialadirl lK1uiiiiliah 

sixl tic sl-i N ( )caitniil1DonaliMcutcrmhndpr.(()im,18 

of1 ishi i s ait 1114illu lint ifc t (d i i 5i l. )i Iall lasta (fl il
 
n ( liotkcitc t eope ,wrec 25pl~i)~c in \iuii
itic it Il iigg ;hue.p 

w--olo i;iiv thiibai~l. "mijlsil.(dilc. cii. t (,Imam ( mcis((c vi 

hihllyInIicijutsed IhctiM Jii 
 u ii illi cm~ltisiuisiit (Ii Jut 

OWi utICi WIIijiStidH'CIt. ilcl i fitlldiiiil t11it1g lle t~itsa heiil 
oifeiustom(uerwilie' gcil i' 6FIt ii llc SC \uiuiClOHI( IS diii;Ipes 

tili.ChratI .~ l.hcr P tf icic 'es tni. J25waiting i(. Mil~teiuitpepl Jill 
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contined Hoi)w of ilill ctistoltrs. The little verse sung by some school 

chihlren Ii ('horkate (Donald IMesserschinidt, pers. comm., 1982) 

remains a fitting tribute to the hard work eldured bi all concerned 

people: 

Rice is Illed It the (ltrkill( Mill; 

Ktumiro lea'es give cattle their 1i!l 

Gotar gas fuels the Chokate ,liil. 

RESPONSES FROM THE MID-ELEVATION COMMUNITIES 

Technology Identification 

Uinlike the K t ial cmmtimity,tho. iitil-elevatio cotmunititlit es 

including wards 5,G, and 7 are vcr heterogeneous, as difierent castes 

and ctllic gIops ate cpcseite~l, such as Brlahmins (37 pcrccna), 

occulpational castes incltdiitig Ktims, Sarkis, ard l)amtains (29 percent), 

Ncwars (I Ipercett), (hlet ris (9 pc'cit), and1<so oit (New ElRA, 1.982). 
lelc with similarP'olitical Iactions llso \erc (list i(tl\ tioticeadl. eopveti 

political vi\vs were, no as it gioip as the ,tumhals. IartIv 

because (he t hirce loImint ct hlin' g hm' " ( l IIhuills, (;hli't tis, and 

Ncw;irs) were Iolit itkllv ,1t1l s()(iall, artmculilte, F),,lplc tende()l t(-xirlss 

Iiore in temis olft it iiheliviltdulistic icleds atl primit ics. Such fkctors) 
lt, tcclimhlgv, (cntiftittioti.gratl,' ittlItIceI(d de+hcisioti iimkiiig tega h 

N<otaivl\, ail altellpt "ias I llifh' b\ Ih Ih;uflcai l'ltdilml (elected (lmait

man oft'li prak \'illage I'micthia\at tolikc a unifatcral ilccisiotl aboutH) 

techtnogvl choice. I he wtitcd atwaltetlitill that wotild he locatcd in ward 6 

(which happened to he his political colstit tclv wit hin tile palivlyat). 

I le vas also inisistent Ihit n) public distussiOnl was iecCe.,saiv because all 

tile people wouldl go alig with his decisio n. I 1l1 Iiito, hwe' et; of' 

R(dI' V'sregulati ti tI ol proi9Wl wats fbrttcomig utnlcss it was deciedl 

ita plblic Illeet ilng. lb this he conceded. \\'hat ws inte1resling was that 

at a suhseqtuett pI)ublic Icel itlig tlie Iltadlmat llcha's sug'stiOtl WS 

disrega eld grounds ht tiill lclitie(o I Ihe wotuld be too far ald 

temoved tw be usc ul to wadls 5 atid 7. 
i eople's iiindls: (I)Instead tw otllct Icclitilogics wec.timi iicitl ill 

smiokeless (o>okittg, stovec imul (.2)pedal ilhreshier fbi h~al,'. 'he ititercst + 
one~grou in the :,mo>keess stove lhad heeti swae'd bv t lie' itstlltlion of 

fi've st'oves earliic onml R(.1 P cnlciy (Ilentoti St ton1as pitar't of Au111tW' 'alt 

Fprogrtli."' 'lic itlcrest iii tlie thIcshct b\ atller group was sptrte( by 

ilIe curiosit v to t tv omit a new teclhlnmlogv related to agrictillure. After 

tuhtI discussionl, the two groulps cmld mt decidle oti tile choice ofIjust one 
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Figure4. Partsof the Chim ey Set 

more, flattening and bending them into pipes were cumbersome and time 

consuming. Baked-clay pipes were quite heavy and bulky to transport 

over long distances. Thus an alternative had to he fbund. Fortunately a 

group of potters from Kathmandu Valley regularly spent the winter 

(from January to April) at the lower elevations (Chorkate) of lhhoprak 

Panchayat to make cia pots for sale. This group expressed definite 

interest in producing the chimney set according to the designs I got for 
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the II fron the RtcscarcI (Ic It'c 614-A)l)litd S(e('ce idi(I l.chlology
(RE.CAST) in Kathmandu.E'aiclset consiste(l I4sesen ipiec(s, thre_ die
50"n long pie anl one,each oftlie oIlit its shown ill I'igiie .t.lhe 
potters did a remarkable copllpig job and illad allot I.t)sich set.s alRs. It)(S $3) per set. 

\ sep)arate lilt'l iugs in I li I hi(,(- wairds, 15 persons wer. stiggested ft 
Irailhig, fie fr0lni tach walr. A sit4\, ('Xjit'il, Iiliaiceld lI)R( P,was
lrotiht (oIlie area IoItrain I hei. l)uiring t lie one-week bImg tiraillig
 
lerio(, hiowve, 
 only foutr peopl. l()k a sUiStaiini,(l interest. le%liecaliielhe irojagalors oV li teew siov(,dcsig-I. lI't" I rI ling colIsisIed oacl IilaI
sio\e inaking li (bi('hiraiiik,. \Wilhii ;iwe(k ih(\ felt suiificieiiilv c()nfi
lent lo pinslit' st (' inaking (ililieuown. Illt trailiees wel' O)i" W11()ItllI
ali lhie it'li. I lciVc pli'gi-aiii lial been.:\flc'ih llil'i\' :l-a few

Wseeks, Sll1ie (ilit lw-casit gi llips IKaiaIis, Sarkis. :ln 
 )inlnailis) blegall
io feel (lC.J)ri.('l( oft li'opi)poil Uii\ )t'cis. the sime iniakis (didIit waint 
l4).(le llto thtwn liw(,. :\1l Iic sI.x lilakers llappeel he Iro)Ilclit Ili
high-(asle groioii. linialli, I d(cided t i ainlien ero)t'S I -oinohai l lolgrti)
 
to iiake stov's.
 

te l'ategy foi iil)ltliitilat ion ,isjllogallilit, dhis way,
v: S4 ieho lNfroill each inltletde hoisiolh ol\S4iil(l 1((lch liht. (ciiiclNlt pipes ioii the 
lloltes' site. (This incant a1two-hour walk each way.) I'lte
stoic iiak.rwoiild he inforllled and onlliantil iia colelicon itn dai, Ilellb'rs )lihe
loiisehioll woiill (ollct stonts (or bricks) and fet(h wale 
 oroii ilixing I1l1d 

paste while I lie raillee Inild, stoves.
 
O(le illore pesl.il was hived Ill 
 lieIp Iltlliil)l 1li(1 e\alalt, ihe sloves
being bilil. Ile nionhlior rtIoi(lI 
 fulwood (.()nsiilliptioll by we iglhinlg


fir'wood used h c)oking (;i in the agenoi cli 
 ehinr lie snokeless
stoite was tllade, (b))inthe first we-ek after the silokeless stove was iia(de,

ali( (c) 
after several weeks' use of Ilie sniokeless s)ve. The ionitor also
 
coiciclted inlterviews ill each hoischolh.
 

Results and Problem Feedback 

in he interviews, hlioehil nlii)ers were asked t Iie lor-theirreasons 
interest in lie simoC iiistallation. All Iv!)es olfanswers were r(I-o)iItl(l (see

a'ble -1). As exlpected, tlie aspect s dlealing wit Ihsiokeltssncss iid fuelwood sa'inlgs were inlentioue(l illnst. (tI aspects als,h ie were illterestling
:and i14)twtort lIv. lo instlice, as shiown in lable .,M, v)en of tlhe
resl)oident s adiniiltte their willingness t I1\ Oill lilt' st)e hecanse "Solie
ofoir neighlbors have already'ried lltn olt"; 20 p)eitnt oft lie respoi
(lents antici)alte( tihe ease ail :oniifor in the cookihg pocess; and about
13 percet, wanted to risk is adllion because it was new aiid it inighlt
have pltentiail l)ellefits. 



TABLE 4.
 
Reasons for Willingness to Adopt the Smokeless
 
Stove (Prior to its Installation)
 

No. of 
Responses Percentage 

We'll save ourselves from the smoke 54 71 

We'll save on fuelwood 47 62
 

Some of our neighbors have 
already tried them out 29 38 

Cooking will be easier and more comfortable 15 20 

We want to try out the new idea 10 13
 

The government is giving it for free 7 9 

It may keep us cool while cooking 5 7 

The deteriorat:ing forests nay be preserved 4 5 

Our son!daughter/brother wanttd to have it 4 5 

Note: Totnl number of respondents = 76. 

Inpressions atel install:It ion were also g.,I heed (l.ible 5). Smokeless-
Iless and act ital fielwood saving were I o,cd.Several other heIlef its also 
Vwere'¢Ilot cd.,"llhe (0111~ d lS of[Iarilipl(I\;'va\'trl ;11"(- lar Illmerest. A\lou 15(0
 

percelIt of Ihe rspolIcls c l)fitIncl I I1il cooki ng on thIeI wIlCstove was 
slower tlian oi tIle In-litiltl.il st(l',e ()r IlI (J)CI hirltalI.Abu)tl 25 percent 
of them said I lhey were at rail tit' ilot Ii-andI (Ie sparks colmilg out ot't he 

chiuilley hIlead would cillise a fire illtile thatched ol.l 
An inIvesIigatioln yielded iterestiIg observat ions. I totlId thaI tIhe 

cooking time depended lIargely on hiabl)iIs related to traditionaltI cookinlg 

style. A traiitional Iwo-iiolltI I chith1o, for exaIlhe, is (lesigleI to sIppIl 
equIally intense flames to bot I tI i1lg ofhIs (Fig. 5).Also the positoli 
three silna I moundsl- tohhling tile pots at the top proilel aniple air 
cictllatiol for good Col<IbutIsliolI. illes catile all the way t1l) to where t he 
potswere localed. TIIe Ifl coItirolled by atd,IIstilg Ilie positiol ofIIIe was 
tIle firewoodI Ifirewood was pliced direct Iytinderthe pot, itgot the 
most Ileat. (onversely, if firewood was placed away 1rotItie pot, itgot 
less heat. 

On the other hand,tIle Smokeless Stove was hilt oila (liierent prillci

ple. Firewood was )ured ill one end of'tile stove mlld so only oie 1llOl1h 
received direct flale; heat for tie olhers was transmitted by hot gases 
movilg along the flue toward the chiiney (Fig.6). Accordingly, the 

http:In-litiltl.il
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TABLE 5.
 
Ex Post Impressions about the Smokeless Stove.
 

No. of
 

Responses Percentage
 

Perceived Benefits 

No smoke 54 71 

Fuelwood definitely saved 41 54 

Fuelweed maybe saved 28 37 

Easy and convenient 19 25 

Cooks fast 16 21 

Easy to wash pots and pans 6 8 

Complaints 

Ccnks slow 38 50 

Afraid that thatched roof might catch fire 20 26 

Fire doesn't burn well 11 14 

Fuelwood not saved 7 9 

Note: Total number of respondents = 76.
 

seconId niout Ii received less Iicat al(I so tooking on it was slower. Howevret. 
iftje pots were interchalged (say, after the first pot reached the boiling 
point) this problem would be easily overcome. When the iew method wasexplained, those people who had complained earlier changed their way.
The iliportlait point is t iat al)lielitly simple adatjtt ions require 
deliberate eflorts in order to realize chanige. 

Another related problem was that solne chulos had beeti designed
with 1hC opening for firewood 1laccnit-1 ()t lie side (Fig. 61)) rather 
thall in Front (Fig.6a). In iIie'Iui( Iby their c okiig h fait, some wonien 
puslieti the firewood far"down the chiatriel close to tlie secotid pot hole 
with the ex)ectation that cooking on this hole could Ile made faster 
Uinfortuntately, "the fire lid not Iurn well" because itdid not get enough 
;[it; tove did not perform well. Ielling people not to pusli fireand the 
wood all tile way down solv'ed the prohblem in sonie cases. In the later 
coilst rtict ios,we decided t hat the design with t le opening on the side 
should be avoided. Instead tile oVell with tile openinlg in the frotnt should 
he promoted. 

Tile concern over tile fire hazard was amother reall problem. Its 
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Figure5.TradditmalChamo (/font view) 

Figure 6a. Improied Ch to -Opeining in the' Front 

Figure 65. Iihprutod ('hu/a - U peting atith' Side 

Figure 7.Chimm'v Parts Inorretl/ .'.wmbh'd 

seriousness was realized only after a technical fault almost resulted in a 
fire in one of the households. The stove maker had left the chimney joints 
unconnected because the stone wall was quite thick (Fig. 7). More impor
tantly, the joints at one side rested against a woolen beam. Within two 
weeks of the stove installation, the hot exhatist flame graulally had eaten 
away the beam. One afternoon the owner noticed smoke was coming out 
ofthe wall after the fire had been extinguished. When the chimney was 
dismantled, he found that the beam had caught on fire, but luckily it 
hadn't been seriously affected. The news ofthe fire spread very fast in 
the entire panchayat. 



An itimecliae SIcp lid to he tken to conlincC pl)e Ihat Ihe Re wus 
an isolated examll: conrrctive mtisutrs could Ihe taken: ,td tie tool" 
had not been threattlc Iy the sparks. hlie first point was Iroved 
satisilactorily by lismantling chiney soups ini several (itlher iouschodis 
aii(lfinding io(l v) ms oftfire. lhcorrective measure stiililaied was 
to ensutre ]ll t lie joints were ill ealch and( Case.cotinece(l 'every 


Ali eXp.erimtlits nidertake lo exl)hore the conicern about lire ill
 
the rotoll A qfuantity of'st raw was hiltlig about two to Ihr'ce feet above lie
 

Il hr
chillnV head antIlieu, atet two or e weeks, was exaiiiuebi raiiV 
signs (ofllilliiiniig. \\htii no signs were tii icalble, itiaiw litol)le were 
coiiiidl. Snolite, how vti; intsiste( otiiiigra liiitilate (such 1.1 picc 

roii ;in old kerosetie (fitttil ihlt)piliccel vemr ie chliiiev head so tilat file 
sparks would hit the till platte liebore anii ig else. A coilloloiise was 
reached that we would iist;.l the oul oilIates itpeople gei the tiillplauii 

Iheirown and not ilWIlATexientise. Wel't iid oullater that smtile had
 
ins allcd fill aiws out Ihil owni initiative.
 

Reflections 

Ilhe experilnce with the stovc pogiallii is clearly di]ltlitdl'oiii frmhat of' 
the biiogas/liill riograii. Ncitably, th( dliflerett ii th( socioecott oitc 
set liI) (liltleata led to the iittilili'icalion oldifletrtl techinilogies svti 
Ihough iiial disctissiot with each groji biegai aile saItieCi 'lie 
choice (f cifete.ti i logi s eitantiilteiLll Strte1ies i6Ogaltlii/a
lioi a toig l ll, ;cttld illd l lie to iliiil)ltiitil iti. (Cdiistjpiitilly, 

lile ~lyt c ex(tetiuill assisllict, also htal to lie, lillttiti. 
()net coliiino<liliil\ is thlat lil txl pra(ilitil pi(l clliliswcrt, laiced<dill'i-ln
 

illitliletiIallti. II itiiilclu .d ie w'oulil have t'esilitd itn aiaidolt i
itetit oilthle progriii. Illis ll or(cs th ilit alicc,(Wlthetciiittittlit rttl at 

laiin's role illassessinig ielc sit itatiot t blligh d iret iritact iois witit the 
pl)eIle, illtespo(liiig ott th lI w bltcic tccd, liriiw Clicl iilltiis,
aind ii (hlilinlitlig exteiiil assisltt asiiploiiaw. ll scciecil cit ' wit h 
respect lo i liotsc tllit illllitttestilltd utult lIhe (iciltcllsilltCs. 

(uidelhies Ir Iiitcite rtSecli-h allul 1es\ loptu ,i tli be lc\veloli 
lIcili the exptlieit tc. (Coiiliilits\ iiiteil Ic\tlitlieople suggest I he 
etiplhiasis ut ed'<cI cilltl.eIlsia t-dillelilgll c icwc ga wicotll IiCu 

syseti oftilitclrdog iicl also li de,\vel(illg tchtieal iiipl itit. 
F[ir exapil, lie questibns thi i itge fimll Ihc sIove expieritce are: 
Ca11 lltic teclhtijial desigii (besides t lie Iiic btakcts lit siggested to 
ipriocve the heat cwhingt. iii lht. sCmid idl ird pot lile tiiebv 
answerii g pehopls coliuerii lItigei tocikiug utlimethe liioit ( slow 
butiing flir? (Wii he (clsigtiof lie chiiiitv ttl ii'o\p>vedbadui hi son, 

http:cifete.ti
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way to quiet people's concern and f'ear of fire hazard? Are there some 
practical schemes of making chiney pipes wit h local expertise and local 
matCrials without having to depend oi chance presence of inigran I. 
potters? Even though I ie siove was well received, clearly many problems 
have not been answered satisfactorily yet. The experiential learning 
approach clearly is valuable for improving dhe sit uat ion. 

RESPONSES OF THE GURUNGS 

Technology Identification 

Tile experience witli the (;uriIg coila iu nity demonstrates how a 
technology's limitations can lead to disenchaniment and then abandon
inent of'an eniiire pro'[ject.lTie process began tile same way as in the 
Kimiihal community and in the niid-elevatio communities. The techlinol
ogy identification phlse, in fact, proceeded quite well. The pattern of the 
people's behavior was very similar to tle one iii tile Kumihal community;
the group was quite coliesive. During the initial discussions on technology 
choice, they indicated t great deal ofentliusiasmii ill their preference for 
the waier mill: 

A mill is useful because we won't have to get ull very early iii tile 
morning for (leliisking and grinding. With tle mills iii operation, 
we can devote more time to such activities as plowing t!ie fields, 
gathering f'uelwood, weeding tlie corn and millet fields and so forth. 
Once tile mill is ini operation, people will gail her arouid there. We 
will tierefore )enefit from the discussions we Will have aiong 
ourselves. We Will be talking about the new tiling that benefited tile 
villages and we will be open to more new tinigs. 

The mill will make it easy fOr isto get t lie briles 16r omri boys in the 
village. The girls f'rom adjoining villages Will be anxious to come to 
the village that has a mill. 

Now diai we have the opportnmily, we needc big project. We have 
already been managing someliow to get t lie fire burning in our 
stoves. Firewood is not such a big problem. We need tlie mill so that 
everybody from the three surrounding villages can beuefit. 

Despite the community's enthusiasm, ;l adequate water supply was not 
assured. A water resources engineer Was broughit in from the engineering 
division of' RCUIP to meiast re tile walter flow and the head. A. ' investiga
tion of'the various sources arotid the community soon showed that the 
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stream low of10l /s during the dry monlths (winter) was significantly 
less than tile needed volume. One exception was noted at one site which 
recorded about 30 1/s dring the dr period. lIlowevei; t,io problems 
were associated withI the site, oneirelated to head, and one related to 
location. A hong chatnel woul have to be dug to get the head and a lot of 
civil work wouhl be needed along an area ofhmassive rocks. The second 
and more serious problem w;s its distance froni the settlement area. As 
mentioned hy onie person, at ote-half hour's walk each way, "tile tinte 
saved by processinig grains in tlie mill will be used up in the coming and 
going." Aftera long (liscussion, that idea was dropped. 

At that poit ti lhquestiot, was whether tile (ui'hrtigs would be willing to 
choose aunot her techlilogy. 'lhli (tisal)poitnteict about the water mill 
was so strong that maily peo)le in Ie coItntitity sii ply lost interest. 
One yotng community leader fom one village (Chit re) did become 
i.;ciierested, howeer. an lihe stuggested itbiogas plant lor his coilmtlity 
for domestic usage (cookiing and lighting). Le aders fromn the other two 
villages (lhiange anrd l)ai) inlicated their interest in trying out the pedal 
thresliers for paddy. But they w'ere not very en thiusiastiC: thex were 
interested inainly because the distrilbut ion oftechtiology was free. 

Planning for Implementation 

PaddI threshers requiirel the fewest negotiations because the local 
peo)le did niot have to spenl aimything oult of their pocket. They had to 
organize among t l(ensclves a schedtle for everx'ole's use, but only after 
the machine arrived. 

Biogas installation needed a lot iiiore organization. Eight households 
would have to work together to set up the biogas plant and share the 
responsibilit ies and tile betiefits of'the op)eration. The basic understand
ing during the initial (liscatssionm was that al arrangement would be 
worked out wit h the A)IB / N to take advantage of' their 50-percent 
subsidy and 50-percent loan progi ai to cover tile costs oi'lfiogas installa
tion. Since we were considering the establishment of'two 20 in' plants, the 
cost was estimatted at about Rs. 48,000 (US $3,700). Subtracting the 50
percent subsidy by ADB/N, and the Rs. 12,000 to be contributed by 
RCUI ), the coitun itv together' woUld havea loan of' Rs. 12,000, or of 
Rs. 1,500 per household. Each household would also have to provide the 
dung and the labor for t'otstruction. 

The people were hesitant tboutl taking the loan foi rea iSos quite 
similar to tho,;e of the Kiumihals. Some suggested that each household 
could contribute Rs. 1,500 in cash since that would roughly correspond 
to the kerosene expenses lotr lie 7-year period. So the benefits due to 
savings on [uelwood usage would be additional. I lowever; not everybody 
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in tile coinnuiity could produce Rs. 1,500 on demnd. The people also 
were uncertain about the supply and collectiol of dung ,iid t)roporllotiate 
(listribtition of slurry. Even though one leailer assured the ot hers that 
daily records could be kept, secvral people were still reluctant to believe 
that his plan wotthl work. 
The t hird and most serious probleim was tlie conce:crn regal dling tlie 

collection of iltiterials.Some materials, such as cement, would have to be 
broltIIght from outside. Sand wouldIhave to be traIsIported froin tlt, river 
bed located at the bottom of th Iiountait (at about 150 1lterlCelevation) 
to tie village (,at 1,50)0 nete'r elevatlion) -a particulat Ivawesome task. 
The KuihiiIs, living near the river bed, ,vould have to Iralsport t lie iatid 
on their behalt Some pCltle pointed out that tlie Kullials already had 
been engaged in similar business since they translorted sand over the 
same distanice to tile (list rict headquarters. Clearly the (;iirtugs would 
have to coistlt with tihe Kunihals befme they 'oul uldertake the 
responsililit Yofbuilding biogas plants. So tile first mcting endcd iti 
mcertaintt. They needed to weigh cateftllh,' variouls constralilts. 

By the second neeting, several days lit ret;fouof the eight holr,.eholls 
had decided not to participnte Hl tile program. The ot her omr house
holds were still not sure whether or not togo ahaead. l[he cash contribu
tion was less of'a l) lctm thetii since they were econot italh' better 
of)tthan the others. But tile t ransl)ortation problicills remaincd. 'lheydid 
not like the idea ofldepending oniothers for t t'minsportation. Nobod was 

)reparedl to take i full-iime, voluntary mlanagerial nle. With more 
discussion, ainother reservation, concerning tlie adqacc'y of tliig Still
plies, became al)l)atcint. lhcy were not sure if t lie dung collected from 
the 20 cattle in their possession coutld piovide thic daily itlitit reluire
ments (150 kg) for one 20 in-' biogas plant. All these reservattons together 
led to a consensuts before the meeting's end not to go)ahead witi the 
program. 

Still, an important lesson was learned ablout the iaPl-u11'rateness of 
biogas teclinologN presently delivered 1y the Gobar (;as C(oimpanly. Both 
the Indian floating gas tank design and tie Chinese dome design that 
they supplied, required the transportation of huge volnnes of foreign 
materials (the gas tank or sand ind cement) for const ruction. For villages 
stich as Chitre, located away fro) the road,transporting these materials 
is too big a burden to beat- for a sustained interest in the technology. For 
the Kumhal community, it was a smaller problem because tile platt site 
was located at low elevation and sa v,,:savallabhe at a clsebv river. 
Conditions were clearly different for the (,urmng community. The 
present experience shows that technology designers need to look into 
the possibility of' bti'ding biogas plants with locally av-ailable materials. 
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THE CHHOPRAK EXPERIENCES IN RETROSPECT 

Lessons Learned 

ScVcral intecst ing p,,ins cmclge fit thc (Illop-ak experiences. 
()ote vcv Aing olscrvat i i is the tIchrc qic varied expcricwncs in 
tilcc difflclit comItltlit ics evcI though I hey wcc a ro:achcd initially 
in similar ways. lit it small t(iniltl ir;tli c ;tod lolitical unit such as a 
villtagc imtchtayatt, Ihe choi(c ,ft.chnhology front Ijittited. list of clicgy 
technologies was ild Iitcccd by Ilic co0l11msit oil'lt gi itj)S an3d Ilie 
iltierctint alinong p<)collc wit billI lic gr)ups. ( rool coltcsivclcss in one 
groulp, t le Luti hals, lcd to Iltc chtoict ot hioga;s I)ctat;nsc the s ,alcofI halt 
technology ilcailt lc groulp) (01 cttl its hctct its ina wav.+ijoy ;itiiiitrel 
A Itnore Fr~tgicitcd group tlic othcr hand smct as the il-clatn iol 
commutitics imacl rr(dl livisiblc tciltl<ol-gv - Stowe rcquuitcd less 
(oltccitcd grtilF)eftort. Ilhc in)loitaml Islpect in the cho ioc was the g oulI,tssessltctlt rcg-aliI1 ~llt i~tl hctttits. ;ltcor~litlg to> thle glrtp's owx;n 

evalltliol. When ati omcrall JIosil ic rtl 'Its iol)nlle, sch as withttI 'quesl 


(;hitrc, tIle 1 r)oglratt l(loncd altoicthbc.
\.',s ,tlI 
Elach Icchnology ;l ried its ow,n set of)leircilnts (ill dctltintcn 

the degrcc of ladjitsllttcils ht locall orgallitt ins, I lic I\ Ile anid cxlettl of 
external assistance, atI the tot ns ofilitectial tiobilitt ion of skills aitd 
rCsotmrccs.h IctlatInc olic 'h )st ICtCcthoh,7, 1llclc11,rc, ;altcrcYd each
 
Std oli'IC('cssa' sttl)s Icter iItlhmctun tt ion. llhc Iioglts/lltill imrogrtill,
t 
fti exatlt)lc, lCquiticd tatitiglccnlcnts be rcachlcd (af),l;onig \illagc
residents abo)+utt (olla+teral, dutng+ililn, labo>r co+lt riblmtitns, anod material 

rCquirecnts; (h) with AI)B/N ,t<! R( +' P lcgtvWritg hoans, giants. :ald 
subsidies: and (c) with (;ol)4mr Uas (;onllnt ((1ltcCring constrictio)n
 
materials (not available locally) and the sclcdtitl oftotstirtctiot. Witi
 
the stovc ]lograin, t 
 allother set of ncWotiat ions ,ani ;tagrt'itetets lld to 
be:,ptstued. ()nc itluortalt aspc.t of'such ncgotiatioits is that ofcni fhe 
rules and rgtlltions ofoutside a;genics ;a-c incotimpat ilc with t11 local 
circunstaccs. This l)rlcmle is toltFoultdcd wllti (ttutnicmtjol 
between lcal cthlc aoltflthosc Fro1m ontsidc agcncies sutftcrs )ectatsc 
of Ittut nal IreJljudiccs, st us o t lit s, atit ittt tl t ist rust. 

Probletds (11) 111)3Cil tot o ccx'.cii whei giellt'llts reaICIthchd 
duing ptltltittg ;.lod Ilcgotitl ions, and illlltIcittitation is alicatdy I3lcr
wlay. ley arist, tI cxalltl)lh, dtIt 31 ilXtc(ltc technical tnialfuitctions: 
(tatittci )a1tc l tttistttatch of local tonilit 1s Wilt cxlwctati< s; Itistnder
standing by lcolFlC ;ittont oFclttiott and Illailttcnance; atl the wating 
ilterest intbe pogrami cttiiscmd by delys i tc facc ofand toitmliimtliols. In 
these poblems, (tnick measures ieed to le takenbh horc serious sct-backs 
are ftlt. 



Reflecting otn tite series olfe(vts Ihdt tattok placeC it ( lIlioprik, the most 
i In ()rta I t IC'sSol Ilc wats thle re;atIalo t n)Sl)cc(l I t IIIlotr IIIn o~ i ullr. cotul d 

Ie tleri'(fd regardiing I hie ;Il-llropricitnt'si olf Iicmohif IIt It .1good
 
' 
lldt(Istlindling I>ftli' , rt,' I hlt' ie(clitll igv is to hc iillt(lo(,ilt(Ie .(Ohtt'xt ulx 

The l etcr()g lt(.'itv oft aliliot,, (()itxts iii this is i oIIIitrl ievitili
 
Ihas Ito bce' rco Il I (.II rd(.'r Io l-ri I I g l I I snuccess IIt II I( .
 nI pnlc I I c I I iol 

The iiitfort itiit(c il I is I fiat tl' tl'xl ti'sli)ll s\ .ste'iii iii N I ;ii i il is prct(
r
tic d toda\ ('tes I (utput IIitrl as i chI 'IIIIlisis(III ic I I (ferstaifit i g 

of th Iaitl ( oiilext asit lo ollt the tiuot'lg uf plvsical targets r'lited to 
karotIsuI t,(hco.u1 )h :ict' , Fhe i ItI I)() 1.;111 (Ilils rItIIs w\htlicIt I('vhtro<l(_o ItIhI 

lai, as pitig in (IhIopuk,(all bc isti iiiiiuiital iII rducigthiewaspIit 
sho itomings. Based( ()ii 1i\ c'Xfl)I'iit'Ii( 's, I 11151' t n(iii to t'ati/,.' (lite 

slr(iiiglN thlt he tol e, if cxtCt'(e( il mtliittititiuttrih lnlsis, c(iii gtth'lt 

(ivtith islaIht' tleclit' tnclit illi 5 (I iti itill tllwithin th- \llat's (f'lln(ot tS 

N xll. I b thtiu Il\ plrsoligll andt tjhugtlilr tlit' - the' \ illigl i I,(I'r
st 'l5(tig il(ittolf (' sit' t to'\tti,tht' t' , telilt' ( lilopct lioc leop' llt 
towatrl +lict',lsit t't'cdihlbI titpoossstd h pe tple' tsideit(.fr(ll o (ii,, 
t'i k vith ledghe t t liett'ccl of, s(stc'h,iatl ili co ll( ts \\ ith peo('pleit 
veItd itilteh i t s ct's.all 't) ki t t it . l\ lie i oi i ilt'i inhe.'lm --- ah 


l-ro lllits to)atconsidl(.r"Ible c.'X lit.
 

e(lifora ilf li n oI Itht't aea( asal ( hit'tIht(1, it is imp rtai nt,utssi tlow 
Itowvc]vt., 11o aimpk /c' somf lifthe wcaitc s.s of)lie hi, htplrak exl),ritit',. 

le i'il 'Np lfictt ills rici t 1ia fut ttli c'u t itiniit is Ioir\ ltin hanlwttI i ct 
islattt i s.i s it Irte sc ntI, (iist . No(l irect linkgil, t xist ofs I ieexp tr
('ln( \\,ithi il hit 'tit'ti i t n ii(l tatda"' i ortIchit (xogls.(titloal ts~ct'I 

s(ist(t. -\It\ stmlanc ()ft iiik g ((itsi tnt tI<i atie t th t Rd, Pt,
A D I,/ N h a w+i n ve(,st ed.( n ic \ In tI tIe ,' a ndl th e hii~tw t h .. I 0r(.li tile 

vsted lntesit il itstities. Whi(t st t ntogit titen flricthioti itat 
(Chhoplrak will bet e'xtende(,d lowlier ret.as ;is alde{libe(.ralte i)licN+is all ()penlh 

utstio t. No itire'fc llii it' ; i iIt's Hl lol(,ii lt c(hI t ~l 1ti( ) s llil() etellhn 
_ a.l (Xiii lIe lt I it'hiit Ci I SWithIlt t 10ltt llI llCllon ofat iol i l ()t 'Ilill)iti 

mdmov pti c.,. Nopertat o)1 tinrstnvetinlit',%\ tittil a rtoietch h 
(III-l'(. rI))\ ioni(l hais been,'l 1 ii 161. co, i med cN)nllati()ll ofl ,'Iwes,li ut( a.\ 101r 

alsse.ssme(,nt of)A l rli t',,, or 161* SH;Ialc('ic"p)ilnliing )tttf + pr) r l s 

Ill (C (llk 1);Il(tlla , tt ()F ()lhtlr mt(i() i ig 1);ill( ]litiiv lt . 

Fo(r Itl(e saIke' oft t nt itII ,IIi' idlo%)\ in (Illslti s ,shouldl he'co(nsidetred( 

andt~ add(resse: 

I . W hal+t cal.l he(. doneit \hell Iprolehms (I'vt,hop ill tile_ hi()gas/liill 

operttin o)r Ill sto)ve. (pl)at;io(t (Callttuc(hilica+l p~rolehm s Ilce so)lved+( by 

ain invoilvenent ()fs(itit isis atil tet-hliohogists? (an social c()iesi(in an(I 
ex( itemint (et t"iii(X'ati)I Ile sistatlied ot if'sottie pobietis (evehop, 
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can they be mitigated before they grow beyond control? 
2. Considering the nonadoption of biogas technology in the Gtirung 

community at the high elevation, cali an alternative be found by involving 
scientists and technologists to overcome constraints such as the translor
ration of materials over long distaiice?" 

3. Considering the high inotivation of local people oward innovations, 
can alternatives be pronioted to solve other problems inthe area with 
greater participation, usage of local resources, and reasoaable assist ance 
from out side and, above all, will those alternatives promote self-reliance? 
4t.Can the experiences of Chhoprak be extended to ad joining pancha

yats? What kind of net working can be developed to involve government 
line agencies atd scietific and research institutes, and to encourage local 
exercises ininiinovatlons 

Until these various aspects are deliberated and pursued, the CIihol)rak 
experience alone is too limited to have any significant impact on the 
develnlent oft he txichayat and ofier adjoining areas. A systematic 
apl)roach is needed otn an inst iut ional basis if tlie role of the latni is to be 
effective. I will reiurn to tiis sutbject again. First, we should review some 
e ft'orts inother circumstances toward building a new set of paradigms fir" 
generation ofap)propri;.te technologies antd their dissemination fir rural 
dev'elopmrent. 

Research, Development, and Diffusion for Rural Areas 

Many concerned people are becoming convinced t lham tlie research and 
developmet system and t lie extension systen as tIhey exist today have not 
succeeded ininducing development in rural areas of the developing 
countries. Uia Lele (1975) stmnniarizes the feelings about extension 
quite succinctly: 

Extension agents are few and far between, ill-paid, ill-traitned, ill
equipped wit ha teclinical package, and consequently very poor in 
quality. That the farmer often knows more, at least about what is 
wrong with tlie inlilovations, and that extension agents often (1,not 
follow their own advice have become parts of a folklore of'extension 
in developing count ries. 

Freire (1973) sees an even more fundamental problem with the very 
concept of"extension." 

...In accordance with the concept of'extension, [extension agents] 
transform their specialized knowledge and methods into something 
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static and materialized and extend them mechanical . to the peas
ants - invading the peasant culture and view of the world - they 
deny that men and women are beings who make decisions. 

What Freire suggests is "dialogue" as the mechanism of "communication" 
between technical experts and peasants to reflect critically on the prob
lems at hand and "transfbrm"old realities to new ones by merging 
advanced technology with the empirical methods of the peasants. 

Regarding the research and development (R and D)systems in devel
oping countries, Amilcar Herrera (1981) points out quite rightly that 
they "have evolved with the modern sector of the economy and are closely 
connected to the R and D systems of the advanced countries. '[heir 
paradigmatic determinants are very similar to t ho:,e of the developed 
societies." Furthermore he remarks that "tihe traditional sector exerts 
very little explicit demand on the R and 1)systern ofthe underdeveloped 
countries." With specific reference to agriculture technology, for exam
pie, Yujiro Hayami and Vernon Ruttan (1979) emphaslie that 

Inadequate recognition of the location specific character of agricul
tural technology was a major reason for the lack of'effectiveness of 
much of the technical assistance eflort of national and international 
agencies during the 1950s and 1960s. Major emphasis was placed 
on extension projects designed primarily to transfer materials and 
practices from the developed to the less developed countries and 
on the implementat ion of muil)tirpose, and frequently superfi
cial, "community developmeni" eff'orts that met with only 
limited success. 

Most people accept the view that inappropriate techniques have been 
the result in developing countries. Appropriate alternative techniques are 
promoted only insofar as "the benefits are obvious and the attack on 
existing interests is insignificant" and there are definite "limnits oii tile 
willingness and ability to pursue difTerent policies oi a sutfficient scale to 
secure 1sigtnificant chage at the macro level" (Fraices Stewart 1978). 
Based on a review of 696 approplriate technology organi ations listed b 
the United Nations Environment Prograimme (U NEIP 1978), 1lerrera 
(1981) concludes that most of'the formal organizations "tend to follow the 
conventional approach to research, with little or no participation of the 
local population, and 'ery scarce input from the social sciences." The 
informal organizations, on the other hand, despite their effective linkage 
with the local population and their successf'ul handling of local problems 
with local resources, "are unable to generate techmologies, or to adapt to 
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local coIdit ions technologies withI some degree of' Sol)h isicationI, (Itic to 
their lack of high le cl scientific and technological Support 

Gi'ell thIese problems, the aItemp(ts to shift tIle directions of' the 
research and dlevelomient and t lie extension svstenls is i major challenge. 
At various levels, howeve; aluly interesting ctIf)is are dtirccIcd toward 
(a) assessing probllleis and prIiorities iII rural areas witi direct participa
tioliI of the local I)o)le; (b) icIItiifyiIIg atcrIiat i'e ways o probleI II
sol ving; (c) generating new technologies of'dallapting exist ig techInologies 
to fit local coidiiols; and (d) bnilding :p 1,)( al capability to lroWlOote 
local colt rol ill tile impleientation olapprolpri,:e )hlns. 

'he Centre for the Application oftScicw, and T'clhnology ;imRural 
Areas (ASTRA), flot example, is based withiii the iiestigiuis liiulii 
Inst it ute of Science with hie principal object i c of gemirat lllg "alterialive 
technl ogics aIluttlcilitate low capital inestmeilin, eiul)loynieleit genera
lion ill IIrl arc;ls, dfi)ersal d ll iili-)roducltiii Mills to tile \illiges and
 
lrou(li(oll of inexpensive goods aind scrvicesf lite mass consuiiption

'variet'Y."In (ordeirto salegiard against I lile transfecr of ilmappro)lriilte
 

technologies, ASIRA hai, atdotil lie strategies of(a) "conslllling tile
 
local people, priol; during, and aftir hlie iniovatiomn lio((,ss": (b) "Scrlli
nizing the techii(logies with tleorcl ical criteria ofaappdriailiiess"; inl
 
(c) "dellnoi'strat i;g I liese Icfliologies ()i tI li xtliision (Centro." (A.K.N.
 
Red(ly, K.K. l'isad, ind k.S. jigaiii 1977).
 

Research gioops f)roto Lliloia, Iral, Mexico, aili(l the 'hilippiiies have 
worked together ill aIprojci, "Research and (I),lopintl S 'stIins iii 
Rural Settings," will t e obljecti\ of di\elopillg i 'et lictlolog. fi" 

. Ti'he generation otehtiologies f6r use b\ lilte rural poor t hrouigh 
a piocess that involves their interact ion with iresearch groups. 

2. 	 The utilization oftlie capabilities and knowledge oflthe iradi
tiOnial societies linkiiig these to the Rand I) s\stnis to optiuize
 
the bene'its fti- liet rural poor.
 

.3. The assessment ol' thesirategy utilied Ib tile part cipati[iig 
research groups to develohi technologies fur tile rural areas, and 
to undertakea cmip)iraile analysis oft hese st iiutegies il difl'r
etit socio t i( iiiic sit Ihlat io s. (I ler era 1978) 

Interim rel)orls suggest ilil "all tlile itams have succeeded inl establishing 
an acti'e inivractlin witi tlile peasint cointilliit vS, amid ill starting to 
(fe\'elop adeojuate nechlismils to make that ri ion most effctive." 
At the samelimtle all the ltzitiis are receiving Strong support fioll tile 
science and technology orgaiiiizations ofliteir cointries anti also from 
within their own instit tions. Tiis is interesling 'roini tile standloint ilot 
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only of tlie geographical and cuIt ural Ispread of the research groups bit 
also their institutional a ffiliat lons. For exlample, two of them are from the 
educational institutes, one frout the national counIcil of science and 
technology and the last one foIn an economic develolilietlIt finIdation. 

Anotl i-very interest ing at tempt hias been the project oil "Coopera
tives Ikri+Smll Flarmers" coordinatted by t lie Royal Tropical Instit Ite, 
Amsterdam togIlher wit li tile Cooperative league of'lhailand (CI F)
aiol tihe Nat i<>ual C<operat ie Council (N4CC) oil'Sii 1Lankat (Konraa~d 

Verllagen 1982). ''heir iprincipal ol)jectives have been to examinc tlie 
vatious coopera* iveildo(lels that can etlfectivelv prov;ide small fariimers 
with the "security of income"and "imnprovemet of iiaterial living stan
dIrds." What is particularly interestingill)otLt iese ef'frts is Iheir empha
ses on (a) t lie full partiripatimu of small farnlers, cooperative staff' board 
members,and oil'icials in analving the probleiattic sit iatioils; (b) the 
diignosiA of 'ciieilial iiieasuIres to mve'IcoIll2 problems; and (c) the artion
orit'nlhio', .o affect Ite dlesirel changes. 
TIh,+sthree example,; and several others of a similar nature (see, f'or 

exampie, David Brokenshla, 1). M. Warren, and (). Werner 1980: )avid 
Korten 1980; Alan Jedlicka 1977; and Lele 1975) constitute tnew 
perspective where local needs Iecome a primary focus of i)rolleli 
solving. Local particittion and local knowledge systems constitute the 
hasis ltr prol)lei analyses. Development ofthlie science and technology 
system isencotraged tnder these premises.Thotugh external assistance 
isclanneled into the aitca as required, tile principal goal of'tle effort is 
maintaining self-reliace ftr endogenous development. The signals of' 
involvement )f' \'riots grop tof' institutionalo.people wit hdiI 'erent 
affiliatio is rnder diflerctit circumiinstances i.'e quite encou raging particu
larly from the perspectiv'e ol'lhuilding ip tiew Iaradiglis of' research and 
developileilt. Nevert filess, the soberintg fiact is that most otliese efforts 
tend to be spor:tdic and the interinst ittitiontal linkages are erratic atid very 
II Itch onla1i aol hoc basis. 

Perhaps inonly olie area is the system of extension imeshed systemiatI
cally into the research and development systeni on tnationwide basis. 
A prototype of such at alternative system is the process of teclinique 
tratisf'ormttion il tile People's Reptblic of'China. A patrticulatr ref'erence 
to agrichilt it e is described eloquently by Johnlawkins (1978). According 
to hill, 

Research and developmet activities to transfoi"tn techniques are 
carried out at virttallv exery lexel if'society in Chin a, froh tile 
central, governmental itstittte and academy level, to prox'incial 
institttes, through hsijn (cotllty)govermenttal tureaius, and at 
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each of the three commune levels (comunune, production brigade, 
production team). 

Hawkins concludes that as a conseqtuence of the approach, and the 
ideological commitment of the government of China (a) high morale 
and motivation have been sustained among people in the rural areas, (b) 
decentralization and mass participation have increased, (c) coinmunica
tion channels have been effective and widespread, and (d) thle potential 
for increased and more sophisticated research and(development is good. 

In 	very much tile same spirit bUt without vet a strong government 
commitment as in China, ASTRA also has made an encouraging begin
ning in this direction. As a matter of principle, ASTRA, which is located 
in the Karnataka State in India and has an extension in Ungra village, is 
committed to four mechanisms of technology dissemination: 

I. 	Microdiffusion to the cluster of villages around the Ungra
 
extension center.
 

2. 	Mesodiffusion through Karnataka State Council for Science and 
Technology to the rural areas of Karnataka. 

3. 	 Macrodiffusion thrtough rural development organizations and 
agencies throughout the country and in other developing 
cotntries. 

4. 	 Long-term diflusion through the establishment of an institute 
course that p)roduces a new breed of rural development technolo
gists. (Reddy, lPrasad, andjagadish 1977) 

The involvement of other kinds of groups in tnany countries oft'Oe 
Third World indicate positively that the seeds of new paradigms in 
research, development, and diffusion are sown. In the next section, I will 
try to look at the mechanisms of how this direction could be forwarded 
in Nepal. 

Suggestions with ParticularReference to Nepal 

Many highly placed officers in the government of Nepal (1o realize the 
existing inefficiencies of the extension mechanism and tle absence of its 
linkages with the research and development system. Presently, extension 
work is a vertically directed exercise. Policies, plans, and targets are made 
in Kathmandu. )istrict officers are instructed to implement the targets 
and their performance is tieastared by the extent of target fulfillments, 
not by the quality of iml)lementation nor by tile local peoples' receptivity 
to the program. The targets are implemented through extensiot workers, 
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posted to distant villages, who are directed to perform a set of tasks with 
the local people involved. The extension worker is an underpaid govern
ment servant with little authority, his technical conpetency is barely 
adequate, andl he commands little respect froth the local people. The 
extension system allows little opportunity to the extension worker (o ftCed 
back the villagers' perspectives and he pays more attention to carry ing olit 
orders from his suilIervisor than to tlie village people's welfare. 

Most of' the scarce research andidevelopminent today ignores the linkage 
with needs and priorities of'local people in rural areas. At best, questioln
naire surveys are conducted to rationalize tile inputs ot local people but 
rarely do the people get opportunity to participate ill planning or (leter
mining the priority of research. The prevalent feelin g in the village is 
"Many groups of peol)le from the city come tora few days, ask us all kinds 
of questions, promise to (1o a lot things for the village, and then we never 
see them again." 

On the positive side, however, the Sixth Plan (1980-85) prepared by 
the National Planning Commission (1980) isquite explicit about the 
objective of"satisfying basic needs" through adoption of such important 
policies as "people's participation policy, "integrated rural development 
policy,' "environment and land use policy'," and "water resource and 
energy policy." This plan also stresses important aspects of using local 
resources as extensively as possible and of' building till lhcal capabilities as 
much as possible. It isin line with these aspects that tile concept of* lami 
as explained in the Clhhoprak case has true promise. This becomes even 
more so iti light of'the inefficiencies oft lie existing extension system. On 
the question of practicality, three concerns are of specific interest: (1) Is 
enouigh manpower available in tlue count ry? (2) What kind of'Stiuplort 
mechanisns are required for the lami to operate successfully? (3) What 
is the incentive f'or qualified people to go and live in rural areas? 

Regarding the first question, at least three groups ol people deserve 
close examination. The first group isthe master's level students who 
participated in the National Development Service (N I)S). I tile Coturse 
of' 10 months of stay in the village as a part of Iheir degree reqiiirelnents, 
many of' them have heightened awareness of'problenis and realities in the 
villages. They constitute an excellent source of' iianlower that cain he 
tapped to undertake the responsibility ol' t lie lii. 'ihe second gromip is 
the educated city dwellers who were originally Froni the villages. Several 
of'them are disillusioned by "t lie good life" in tie city and aire questioning 
whether they would not be better-of'going back to the village. Given the 
institutional support as a lami, they have the potent ial of'making signifi
cant contributions. The third group of people are those who are already 
a part of'the vast network of'the extension system in the fields such as 
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healh , ,gricui nrc (inclIuling livestock dcveloplmcnt), )ttidforest rv. Their 
efl'ectiveness can he greatly it'creasc,( Iby upgraiding t Ii IllulI>()sit is 
p)rovidi fng c tsoaIIling all(1 icIntation in tI ,t iolc).lnlB theosed 
availalt i ity o)f I Iese variotIs grotips. fi dinII.gpeople to IjecoIIIc lamis Is It
 
less serio)us )ro)lhem.
 

The greate i)rpo)llems air relatc(d to)t ht(seconI andt I Il )oints
 
mcntionled abovc. For Ih1 liamis to Ihe ffeci(ive, lt t Ic(-
village lcvel, one 
ot'tw() (onditi()nshlas )toI),I till.lL. rc.lit h the laimis ha c to be self*
motivaitc(l, rcsonrcI , l. (l rcsl)ected (c.g., t,villagers and (list rict 
oftficers alikc): or, i .itit ti(oiial su))Ort nechanaisns hIavc to I crcat d 
and made acccssiblc t) the linns it'Ind whn otsidc inlputs nc relire(l. 
I'he style of, ins oprat io(n in Chhoprak i)ro)lI); ,fullills the first condi-
Ilot. I recogii/e (and2useveral l)ple hiave comeni ite(d) th a this is a 

()op)le tnSnspeciatl cas' with (jtalifcltions aismin caiflot be expectd(to 
work itsextctsion workers as ;gencral nilel. 11Iteln ot his, steps ha' to be 
taken towar, the developmnenit ()t he Support S\.stCI. I'lhrec intcrrelatcd 
activities can )c elvisiojit in this respect: (1 ) Iraining of) people to 
prcpatre lt-ei to act as 11221 15Ill thle \villagcs: (2) allll~islrat Ive and)1 finanll
cial support fr-om gover mtentinc ith f respect to vilhlage-levl
line1. CIICies 

p)lanning an(I il) lcilitt iot and1(1 (3) Ifontionald tW,,hcie
.ll2(1 linikagcs
 
wit I the Rand1) svstlin so0Ih1t (a) t he im's experience is tit ili/e(l I
 
rescarch instit ttions ildeveloping ctril loftolth Ier[.research, and (b)
 
the rescarchlestilts are Itied out1at he vihlage level ihrough thic lamis.
 

ihe concept oft he insl it lit i022li/ed support systci2 is alreaIly a2ll 
integral part o1 Npal's Deelnt ralit/at i(n 2039 which was approved I 
ti R i, P( (t hervlilt t i0oal h.,gislIt iv'I)1)(2lv) iii Sep1temelIr 1982 
(The Rising Nepal 1982). "T'h Act st icsss tihe il)tortance of"Xilllige 
)cvclopment Pl',is" I!; tlie Ihsic COil))Ij _,iits offt he l)ist rict Devl),opmcnt 

Plnt 121(l f0-t'11lat ing thie Fpla,andspecilie s t halt inl each village hilllchaIlyit 
shotuld "c(n1si(der its own hl)abour, resoiu<rces antd ne12s, and1(1 econ02m1ica2l 
(sic!), l)hysicl, alnd technical assistance to) be received f'rom IlIsMlajestv's 
Governlmenit andl the ristrict lPlanchaX'at, an(d tret tlhe )rojects (emtnded 
by each ward tsmain I)1asis."Futlth'ermore, tIhe Act hts tIhe )r(visioI)for 
the establishmlent of"Service Centres" wit liii elch o)t(*ile Ilitie divisions ill 
the )istrict lP122cll11x' "to )rovile necesSarv hlysica2l alnl technicll 
assistance ill ... lt-Iltua g itiI)Itellielling, an( evlua tng the p)Ia2 fo)rli. 

the developmleni 4o[ t ie Village l122Icf1av;t." The Act specilies iite 
sticcitictI tlt amo1ng other things, "tle fllnction1;11(1 (ItNt' of thC Service 
(entc shall be... to assist ill file estll),ishmne t and1(1 pr))€" opera tiotn of 
cot stmler's committee ittthe \'illalge l>nchal"lvtt .2mea2.... to mike aivlhable 
ne(:cessary technicl service to the 'illage IlinchIv;2t t(12 c2(ltinctinlg their 
(levelopmilnelt pr,ogramme . to necessit ies of't lie.... orward proble'ms Ill 
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Village Parchayat to tlie tllper levels of'adinillistration and It cause theIn 
to be included in tIe plan ..."Quie clearlv I ie laIIIi's activities cotIhl fit 
in well witiin the strit ture eiisioned or thlie service cente r. 

Anothere coturatging (le\el( 1imieiit is the Appopriatle TeclIIIology 
InfortIatt (learinIglotlSeI atd V\Iilage ()ut reai lh'ojct ofV RECAS, . 
This Fr jeect vhich is sullpported throuigh tNP)l> Funds, is establish
ing ive outreach Centers (one ili each deeolomntt regiotn). "lte project 
provides the opportunity to disseminate technical iifoiilatt loll and to est 
the apl)licability of available teclilologis urnder village cotudi ions. Pilot 

projects arc he ing designeod to assess village nieuds aino lpriorities and 
adapt tec:liiologies actrolditiignl. 'lhe R and 1) set upas cnvisioned here no 
(l)ubt provides opporl unities for likikages bttween t lie out rteach centers 
and it.lallus. 

(;iven the \willingness of the political and adlnilist ratlive st ltcture as 
denioistriated by ilie )ecettralization Act, 2(039 and t flat of'tle R and I) 

st rulct ilsdlitonitrated by the RICAST project, i is coniceivable that 
the lami concept can be opetaliotalized effct ively at a larger scale thain 
was tlie case ili(hhloprak. The principal constraint that will hae\,(. to be 
overcome then is the question of iiceiti\es. Iliihat respect, consideratiots 

unst be gi\'el to tpgrading tlite stat us oflthe extension worker. At t Ie( 
same litile triinig and workshop llm tilllo teill wouhl lie necessary 

partly to( 'idiniliarize the lamli \wit effectiveI operatt Ina thids and 
partly to give opport unities fIr several lanis at at mlellto share their 
experiences. Fult lierilliore, there his to he a slnse lconliiit lilill ail 
coltililliiiitis te Of'iiol'aloail technical support I'rlnlil'icesof 
goveiriineiit line agelcies anI scielists tlidteclnologists froni rtesearch 
institlutions.
 

As shtowii il Figure 8, telie pot'ess oechli nology (levelomlnet ail 
dliflusioi in ltarmilov with local co)(itiltns re(oiires ii concerte( effrt oil 
the part of 'lifferent grouipsof l)eople ill oliffereuit caf);Icities. The huni is 
essentiailly ifacilitator inithis l)roctess aidolle who ptovides tle iiecessarV 
perspecti'es to orchestrate tihe diftelirt (liffee't'ninotes played by grl'oiups 
into pleasaiit choruses. Atoht her itii1 )ottll.i aslpect oIfFigire 8 is thatt lile 
piroc.ss dlescribed is a coliiiuois aiod evolving in hiat inlvolves experien
tial learning for all coiiceritel parties. 

A tiechanisii that provides lie(oppoit unity.v ti bring aboillthe learn
ing experietnce is the troicess of gammm ilah/, "village dialogue, as plo
posed withiniTC' (auin sallali is a platiniiig straltegy, or lirocss,G. 
(lesigned(oto integrait villagers and development officers h1ia i'C0iiilo0n 
goal to plani and imlitntl pro ,jects(Messerscihidt i(d ot.hers 1983: 
Mlesserschinidt 1982). Ii has similarit ies wi liht he xundrimeth o1(d of field 
reconttissane..pti r )latiiiig (Peter I ildebrand 1979). lii gatti sallal, this 
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reconnaissance for planniting hlas beenldesigned to 'itthe Nepalese 
context ail(d It) elicit tile greatest aillo)Ilt of' people's part icipation (includ
ing that of villagersand development oilicers) as )ossible. The objecti\e is 
"to cli(:it pliichavyat part lcipitiot, to acqailit planning officers wih local 
(ondcitions f'Mr resoulrce ( hevelo)ment, a to lIa the grotnd f rpre)ara

lol ofl'a ['his is hotte byhal't Resorce l)evlopmient Plan (RI)lI)." 
l)ringitng the develop ent ofl'icrs1 t lile village paliavat and b'yi.ili
tiglth h"eirinteractions with local )'opl'r oil as ita.t, p)litictl atnd 

.social hierarchies as possibh. It is anticiFittedl that a lew (Ia's itt'eractiot, 
althhough short, will at tle 'erv Iclast provite a c)mmton Iasis of titder
standing ttd hopefllly encourage critical and realistic assess ett of'the 
village developmtent plan. 'The assessmntt includes t lie appropriate ess of 
tile l)ani in eetc ilng neeIs and priorities of the villagers, the extett of'the 
villagers' willing, ess to tmtake ttecessarv cont ribut ions bir the plan, attd 
the commitmn t of'goverttmeit offices to allocate fitnds itthe annual 
l)u(lget item. 
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The importance of the lami lies in providing continuity through 
intense involvement before and after the gaun sallah. In ithis respect, it 
is clear that the gatn sallah has to operate simultaneously with lamis in 
order to render the lami effective and vice versa. This kind ofcomplemen
tarity ensures the two-way communication that has to be pirsued from 
the conception stage to planning and iml)lementation of ruiral develop
ment projects. A word of'caution is in order at this point. The lami is 
assumed to be dedicated, compassionate, and highlyi mot ivated. These 
qualities have to be cultivated and nourished. 'l6 this effect, it is advisable 
to start modestly and move forward wit h careful deliberations. Spread
over effects o'good restilts both in terms of village-scale planning and 
recruitment oflamis could very well form the foundation ,or fitll ure 
expansions of the program. The task ahead is no lot)bt inammoth. The 
challenge to improve conditions in rti'al areas for htiman development 
is however a worthby cause that should inspire new and innovative ideas. 
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NOTES 

1. For elaboration of rural energy issues, set Eckholn 1975: National 
Academy of Sciences 1976, 1980; Makhijani 1977, 1979; Reddy and 
Prasad 1977; Cecelski, )tinkerley, and Ranisay 1979; Brown and 
Smith 1980; Wood and others 1980. 

2. 	Korten (1980) describes the processes involved in the "blueprint 
approach" as follows: "Researchers are supposed to provide data from 
pilot projects and other studies which will allow the planners to 
choose the most cost-eflective project design for achieving a given 
development ottcome and to reduce it to a blteprint for implementa
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tion.Administrators of the implemienting organizations are st)pimsed 
to .xecute t lie project plan fail hf'uIly, much as a conI racior w uld 
.olHow construction blueprints, specificat ions, and schedules. An 
evaluation researcher issu)l)osed to measuire actual changes in the 
target population and re)ort act ual versus planned changes to tile 
planners at the end of the proiect cycle so that tile Iltieplr. Its can 
be revised." 

3. 	Barnett 11953) defines innovation as "an thought, behavioi; or thing
that is new because it is qualitatively difftrent from existing forms." 
Fe emphasizes, howeve, that the new evolves mut of"pre-existing 

or antecedent knowledge" (e.g., local knowirdge, resotrces, needs) 
because of lthe "stimuluIs" created by events such as aserious problem
f'aced internally or by induc:emeint of new Ineeds, anid wit i tihe help of 
the "facilitator" who provides the linkage between what is known and 
what is sought. Freire (1973) calls this the "t raisiriuatlioll of'reality" 
tlhrotigh "critical reflection" on t lie problems as spurred byIthe 
process of"dialogue" between technical experts aid peasants. Iino
vation is, therefore, a "non-mechanical concept [in which] the new is 
born f'rom the old through the creative transfhllination emerging 
from advanced technology combined with the empirical methhods of 
the peasants." This fontrasts with intervention that is similar to
',the superposition of lie new on tle old" with total disregard oft'lie 
cultral background and the technical-eipirical inethods of thl 
peasants and there'ore resembles "ctltural invasion." 

-1.	Havelock (1969) (le iites act ion research as "t ile collaboration of' 
researcher and pra:titioiner in the diagiosis and evaluation of prob
lems existing in the practice setting. The action research technique 
provides the researcher with an accessible practice setting from which
lie may retrieve data, usually for ptiblication. It provides the cooper
ating practitioner system with scientific data about its own operation 
which may be used foi- self-evaltm ion." 

5. 	A village patichayat is the smallest political constituLency and adminis
trative unit in Nepal. Each one has nine wards. Each ward is repre
sented by one ward chairman and ftur other members who are all 
elected by the eligible voters of tle w'ard. The village council is 
headed by the PradhanPam/ha and his assistant, t lie U'pa Pradlan 
Pancha,who are elected by all voters of thie village paichayat. Nor
inally a village panchayat consists of a popu lat ion between 3,000 and 
7,000 in an area between 10 and 30 .xq kin. There is iatotal of'-,000 
village panchayats distributed ovet- 75 districts in t lie country. Each 
district is represented by a district panchayat which has nine members 
elected by respective voters From nine subdivisions within the district. 
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The district panchayat chairman and the vice-chairman -re elected 
by district-wide voters. Five class organizations (women, fairers, ex
servicemen, youth, adult) have village and district-wide represena
tions also. A district is administered by the Chieflistrict Officer 
(CDO) with the assistance of nany government officers representing 
many departments. 

6. At the time when I was working in Chhoprak, New ERA, a consulting 
research firm based in Kathinandu, was also involved there on 
contract from the Resource Conservation and Utilization Project. The 
scope of their wor!, can be described as "a combined action research 
strategy including the socioctiIt ural atd ecological data, the planning 
of a variety of villager particilation actions and the implementation of 
select anid innovative strategies for income generation and resource 
management at the village." Although my style of'operation was 
different from New ERAs,we benefited mtuttally from the sharing of 
experiences, in formation, and thinking. For a detailed report on their 
interesting wvrk, see New ERA, 1982. 

7. 	The 1981 census dlata on the population ofChhoprak Village Pancha
yat is no longer applicable because of the change in the boundary. 
The change was instituted in 1982 prior to the village and district 
elections. Parts of'what Used to be Chhoprak have been shifted to 
another panchayat and parts of yet another at-e now included in 
Chhoprak. In general, the size of the panchayat today is smaller in 
terms of area and population than what it used to be. 

8. 	RCUP is an integrated resource development prc,.ject that is pres
ently administered in the village panchayats of two river catchment 
areas (Daraundi and upper Kali Gandaki) covering parts of three 
Western Nepal districts, Gorkha, Myagdi, and Mustang. The project 
is coordinated through the Department of Soil Conservation and 
Watershed Management (DSCWM) of the Ministry of lorest and Soil 
Conservatiot with involvement of many other resource-related 
government line agencies. It is funded by USAI D, initially over a 
five-year period 1980- 85. 

9. 	In the initial period of'its field involvement, RCUT plans to make an
 
intensive effort ii tfew village panchayats only. These "lead" pancha
yats were selected by the (fist rict-level Catchment Conservation
 
Committee (CCC) that is established by RCU P to function as the
 
board of'governors for planning and inpiementation of' RC UP
 
activities in the distric.. In the case of Gorkha district, the CCC had
 
chosen six "lead" panchayats.
 

10. The Panchayat Conservation Conmittee is seen by RC U P as a board 
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of directors for decision making in planning arid implementation of 
its activities at the village pancliava level. 

11. SF1)iP is a programt of AI)B/N directed toward (lie assistance of the 
rural poor by providing favorable loans to the needy for adoption of
technical options. A small staff is provided -it the village panclayat
level to identify lx)tentially interested people and prospective pro
jects, and to facilitate loan transactions as soon as possible. 'he
SFI)P is A1)B/N's intensified effort toward integrated rtu'ral deelop
ment through small ialinmers' own initiatives of through a coopera
tive group.

12. Thumb prlii)i are the accepted su)stitutes for signatures. Most 
people in this area, as in other parts of Nepal, are illiterate (thenational literacy rate being abit 20 percent) and are forced to use 
their thumb prints when signatures are required.

13. The manner iii which the gobar problem was solved in Chorkate was
quite unique. It was the consequence ,li'circimstances, interpersonal
relationships, and attitudes that were very ,pecific to time and
location. To a large extent, this particular opportunity provided a 
basis for organization which was relatively simple. If'for instance, this
opportunity had not been available, the other alternative would have
been to site the project close to one of' the five Kuihal villages and 
organize with tile residents for ding collection. The organizational
dynamics in this instance would no doubt be very different. Ifexperi
ences of' the coimunity biogas plant in !atelsinigh ka Purwa, India, 
are at all indicalive (see, for example, (;hiate 1980; Bhatia and Niamir 
1979), the organization required could have been very colllex. In
this Indian village, a ailability ofdting had reportedly declined by 
more than 50 percent within a few tiont hs and contribution of cow
dung was the most serious constraint. Whether the case in Chorkate 
could have been different is difficult to speculate. It is important to 
stress, howeve; that the delivery of duIg can certainly not be taken 
lightly and a very good organizational basis has to be established 
during the planning period. This type ci(reasoning emphasizes eien 
more the importance of close interaction between technologists and
village residents in order to determine the commitments on every
body's part and the benefit., each will get out of' such arrangements.

14. The general )rocedureset by AI)B/N in consultation with Gobar 
Gas Company ws to provide a cash ainotini of Rs. 3,90()) per 20 fin 
plant for use by taimers to collect locally available niaterials and to
supply local labor. 

15. 1ai grateftul to Roinola Morse for poetic rendition to the English 
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translation from the original Nepali verse. [he verse in Nepali is as 
follows: 

Chorki-le ini dhlii k iitna tiila patliVo. 
(;'iibasttu agh~laichhia ktilllino ghis le. 
(hork;ile ina iiniila aiiio gobar gvysa Ie. 

Kutinro is a local Iree specie, the leaves of which are valued for fodder 
16. 	According to the original R( UtP "target" set for the energy subproject 

in tile fiscal year 1981 -82, 15 stoves were to lie disseminated in the six 
"lead" pauchayals of'(ork ha disrict. i'The five stoves installed in 
Chhoprak were aIpart ofi iltstarget. The activitv that I was pursuing 
was an additi tto the original "target." 

17. 	The following descriptionoliel n lie plaiiing for slove iiiplmleien
tation only. With regard to paddy tireshers, coninnittees were formed 
in each of the three wards to deterline how the operation should take 
place. Unfortunately, the threshers arrived at 'lerha Kilo, tie nearest 
notorable place from Chhoprak, oin the day when I was leaving the 
place. I was, therefore, unable to watch the progresson how the 
threshers were rcceived by the people. For this observation I would 
have had to wait till the harvest tile which is aroiidl November. This 
was not possible because of my other contmitlients. 

18. 	 1pursued tills idea in anlinformal way withia friend, Ramesh Manan
d hai; who was inlNepal to do his fieldwork in partial fulfillment ofthe 
Pli.D. degree illtile Uni''ersity of' Melbourne. Isuggested to Iiihi, anl 
architect and lunan settlement plannet; wio was initeresled in inud 
brick domes, that lie should look into the possibility of using these 
domes for biogas construction. It turned out that lie pursuied the idea 
with RECAS[ and Goar Gas Company, the outcome of which was an 
experimental plant with Imud brick domes that seems to work well (see 
Manandhar 1983). Clearly this design will have to be tested thor
oughly before wide-scale implementation. Early indications are that 
the costs are reduced drastically. The exciting part for ile was the 
practicality of using the criteria derived fron local experience for 
furthering research and de velopi:.w.nt. 
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8 
Field-Based Assessment and Development 
of Improved Stoves 

NI. Nurul Islam 

OBJECTIVES AND PARTICIPANTS 

Most energy c(onsmte( in rural areas in developing countries is Ir 
domestic cooking, and t lie miajor fuel available is firewood and leaves, 
agricult ural residue,an( animal residue, either separate or mixed. 
Systematic evaluation of bioniass-ltlrinig stoves used ill r1r1a il m'l)ati 

areas is a first stct fi each count rv in designing a priogrami on improved 
stoves. Nota)l', t liough, a sticccssftl itiiprovewd stove prograim alone will 
not solve the f liewood problem: increasing Itnciwood supp!N and altering 
its relative distribution aniong vatious socioecononic ,rtllps are also 
neccessaryv. 

Various interrelated groups ()I'people and t lir 1ionscoisideliat are 
involved it an evaltiation of exist ing stoves amid in developing a pirogl ati 
and design considerations tot fimproved stoves (see Fig. I ). IThese people 
include stove users as well as researchvrs in t lie laboratorv aod in the field 
in developing and industrialized cotnt rics. lPolicy plaincrs irold decision 
inakers in various agencies are also iivolved il amv improved slove 
prograni. I hope this chapter will encourage interaction amiong these 
groups. My vl personal obserx'at ions about users' ieeds are incluoded, in 
the context of available pulblished itifriration, Iai lie niany laboratory 
researchers who have tio direct contact witi users. lPolicv-makers will find 
presented the scope and limitations of'iml)roved stove programis as they 
relate to institutions. 

It has been widely believed that traditional ietIiods o'cooking with 
firewood do not titilize 90 to 97 percent oftotal heat produced. Advocates 
of improved wood stoves claim that such a stove cai achieve am overall 
elficiency between 20 and 3) percent and that consequent 1v'lihese stoives 
potentially could significamtly reduce ttelwood rC(ttirenicntis (NAS 
1980). Most improved stoves have been designed primarily to retducce fuel 
consun)tion and to reduce smoke, but use of most types has spread vcr 
slowly, suggesting that users' needs ,nayor may not ie limited to those 
assumed by designers. Bimna Agarwval (1983) has provided a franiework of 
analysis for identifying the Ftctors a fleiting the adopt ion of imiproved 
wood-burning stoves and lie possible effects of suhl adoption oi demand 
for fuelwood. 
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Figure 1. Evaluation Factors./or )evelopment Tlrogram on Improved 
Ilbod Burning Slove. 
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Existing designs for iml)rove( wooI stoves arc ,t it able mainly for fuels
 
used b)y higher income and some mid(lle-iicole groups it)
iii rural areas. 

Many of these grouips have a(leqiatc suipplie ; of hiclwoo I, So they may 
not appreciate tile neec for fucl savings. L.ow-incOIne users, who ieced the 
impr)'ove(d stoves most, often use residue as cooking fiel. [he new (esigns 
would have to be able to handle fuel available to them. 

Secolldary cllefits aittribtlted to dlitision of iml)roved stoves are 
savings of flelwood collection time ald iedtilctioL of'enviroinmentill 

(egradation (deforestation, soil erosion, nut ient loss, floo(ling, drought). 
In orier to realize the l)enefits of'stove programs, a Compatible match 
inIlust be f'tind between prilary l)eielf'its to stove isers and secondary 

benefits th at niav involve the interests offgroups other than users. 
I)erfOriance of various kinds of stoves in use varies. The chapter 

undertakes to levelop met hod(logies f()r evalhating stove types and 
factors important il (esigning programs (o impro)vedl stoves for present 
iind changing fuiel sit tuitions. Alpplications of lict hods are illustrated 
l)riicil)allly for Bangladeslh coo)king sitimlt ions. As a starting point in 
assessing tilclors ilportailt for stove illproveiiiett, the situations of',,tove 
users shotldi be c()nsi(ere(d is well is the cliarac!eristics ()f t heir cooking 
activities, fuels, and presently used stoves. 

THE COOKING PROCESS 

Managiiig a cookiiig stove is i'rt of a total cooking process that takes 
place in a miniature food-processing ilant (kitchen). The time and effort 
involved in preparing the fire anId fi)nd and in cookinganl cleaning tip 
are all important lictors ill estimating food-processing ef'iciency. That 
efficiency can be increased by various activities from designing better 
cooking pots to finding better techniques for air-drying fuelwood in 
addition to designing new stoves. This wider perspective suggests that 
many factors, in addition to cooking efficiency, determine the acceptabil
ity ofa cooking stove to a user: cost, availability of materials of constl-tiC
tion, size and tyl)e of fiel available, space available 'oicooking activities, 
family size, cooking practices, and types of food to be prlpared. Other 
uses of' fire also are involved, such as fi)r light and heat and as a setting for 
conversation. All these factors v'ary greatly from region to) region. Conse
[luently, acceptability and efficiency of'a' single stove design may be 
limited (NAS 1980). 

3tove Users and Cooking Stages 

Cooking food involves several tasks in three stages: (I) precookig

)reparation of' food (cutting, cleaning, washing) and ofthe stove for 
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cooking. With all three groups, even though the owner and user may be 
ditfi~rent persons, they prolbaly are part of'( lie saiiie household so they 
would be expected to be equally interested ill fuel savings aid in Ccoml fort. 

In high-income urban households, tle ownCr of'the stove usually is a 
ditfl rent. person from the operator. Afthough fam ily women may super
vise, an employed cook does the act ual cooking, and helpers perfornli the 
other two stages. Sometimes tile employed cook (foes all three cooking 
stages. Thui s, helpers and cooks benefit directly from added com fort but 
not Fron greater fuel efficiency. lhe more convenient kerosene stoves 
in ight be used ill those housecholds. 

In illiddle-income urban households, t lie hiinily's women perform the 
cooking stage while employed woiiiei helpers from low-income groups 
pet IfOrm the other two stages. Ii us, greater fuel efficieicy directly 
benefits the hotsehold women and added comfort (sIch as 1 reduced 
smoke) lenefits them and tie helpers. 

Il low-incole uirba, households of l.ngladesh, tie Viuiiily's women 
perform all three cooking stages, so they benefit directly from gr'ller 
fuel efficiency and added coin frt. That group would probably be most 
mot ivated to use improved stoves designed fti their particular iiee(s. 

Food Characteristics 

Cooking certain onds requires specific stove characteristics. 1ii parts 
of Sotiti Asia, for instance, bread is baked iii two stages: first on a hot 
plate kept on the stove and then by direct heat from radiant flame or hot 
wall. Since an improved stove utilizing a completely enclosed fire chaiii
ber for maximum heat utilization would not permit that second baking 
stage, it would not be appropriate for or accepted by Ihose users. 

Cooking Pans 

Pans are made from ceramiic, burned clay, cast iron, coppei; brass, 

stainless steel, and aluminum. Aluninum is usedi most ill man' areas. 
Different cooks use pans of particular materials, sizes, and sia pes to 
Ireparie various dishes. And heat utilization efficiency fr; particular 

stove varies according to those variables. For example, in rural Baligla
desh, pans with spherical Ibottoms are used fur cook ing on wood stoves. 
In irban areas, palis with flat bottomls aid sphericaul hotlomw are lised 
fir cooking on elect ic, gas, and kerosene burnters. Oi wood stoves, palls 

with spherical bottoms used heat noticeabl' more efficiently tlii did 
pans with flat bottoms (Nurul Islaii 1980). 
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Cooking Methods and Fuel Consumption 

Particular cooking net hods also ffect stove tvpe used and fuel coil
stillJ ion patterns. Piact ices of'cooking rice describe varialles ilupo'liitl
in field-level evaluation olSl)o'oe perfolrmance. In Bangladesh, parboiling 
of tpaddy consucs about 15 to 2 0 percent oflcooking fuel tised in lnra 
areas (see Chapter 2). One kg ilparboiled paddy vielhs 0.7 kg parboiled
rice and 0.3 kg iusk and bran residue. (I'nparboiled iu),ddy, dehusked, 
is called unpirboiled rice.) Fuel coiisiniiption per unit weight varies 
according to local met lIods of paddy parboiling (Islam 1980, A.K.NLA 
Quader and K. 1.()mar 1982). 

Field-level experilleuts in a ew rral households dlerlined Illt 
mnainilv Io-moth sto\s were unsed for"parboiling al lhll ile hil 
required for parboiling varicd from .1710to 6,130 kJ per kg olparboilcI 
rice. According to observat ion, parboiling iln some slall-scale padd\y 
)ro)Cssillg ihtlnllstlies rcquited Iromn 3,500 o .1,500 1,lIper kg of parlboiled

rice (Islam 1980), aii tihecy used paddy husk as fuel. At snall-scale rice 
iiiills, p;a(lxy is soaked overnight and a coinlparalivel, large qualit ity of 
Ipaddy is parboiled in a hatch to save fuel, so less f'el is requirel.

Ill Sri L.anka, about 17,200 kj per kg of parboled rice werc required 
using wood fuel (Jani, Bial\ 1979), bilt lhail Might lhL'e be bee'se aI 
different type of'stove was utsel. Notably, ill one loca ion of nortl.''u
 
Bangladesh, where three-sto lc
open fires were tised, about 9,900 k. per
kg of parboiled rice were iieeded (Quade; O(l 1982).r 

A series of fuel constinmito exl)(,rimellts coltllitlreol 1)1n'boiled rice
 

with utll)-arloild rice, lby
cooking ricc according to local prwactices using
 
excess water that is later drained oif. For each type tested, enough rice
 
(1.36 kg) for one average hamily's meal was cooked in a kerosene cooker. 
From 2,470 to 3,520 k per kg of parboiled rice were required, depend
ing on degree of parboiling and rice's grain size, while only 1,760 to 
2,200 kJ per kg of unparboiled rice wer needed,depending on grain 
size (Islam 1980). 

Cooking pari<iled rice uses more fuel at t he household level since fuel 
is used first ht'parboiling and then <coloking the rice. Besides more 
fuel for cooking, pairboiliug uses more heat to dir' parboiled padly (from
Moisture content 40 to .15 percent to 1-1to 16 percent moisttre cot tenit)
and more energy for polishing. In addition, tiionllitored parboiling may
result in rice with tulpleasat smiell, texture, flavor,at color. Even so, 
users perceive t liese advatages to Jarloiled rice: increased head yield: 
greater ease in litsking: more proteiti, itiis, alll inierals thal the 
sanie variety of tipatlhoiled rice: greater resistuice to insect in fection 
during storage: less breakdown (into gruel) during cooking; not pasty 
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(Ilist ricts(S\. I1( tdilldC ItIi(lg h mI(.p r o if 

Cooking Timne and Fuel Consumption 

1i8 1 (Ott lttt' c I ;ISN. L1kti ll \I't5lgo I )Xlh-I.\ cdite ittics, .t(Ill 

hier I httece-stmicdstow fI tuIl I l11-c( (hIt-l i onts (itliteasittg Ih ltiuning ratc) 
to I:* c cwo(kity t w ithi Ibe tttisuttd I itS.lK' c\ cit I luimigh mt~l ct hiI i 
It Ihiui ats a slanitml~ ketoscic 0()I.tall (It I-(O(il hecater iflight he 
lisel intead~u )Il felol slow to1s;;-, tt[Ile il ichem~Intitg. ()I)\ ioisly. 
~!- !tmc (oo(klitg tIu i s (1' )i(( iO is I hallitlid.IS 

STOVES IN USE 

(l1idrdITradhitiona~l (hiouttass hitliinug) stovesat ciie ltir I() be 
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(bioimass 1)l1iurlilg) Stoves ,re ieit il'icd itssl\'e5 wilh better ei'foinice 
levels lhiui tialdi iinil stoves for te same cookilig requiicents and
 
oiratiig toitlitis, 
 They Ila oI myiii heli it(liii t Uii lise. Wood-I) lig sloves ie usiially c'lassified i ,itsu lilt hll'iilil iiidss fi!tricatcl.

acli lids its ownl set of'uierits, so planiihig their ditlesioti reqtiires caref ii 
coiisidleilatioi.
 

In-Situ Built Wood-Burning Stoves 

II B+la(Iladesh, iost wood sloves i'c Im)lill
insitl (i.e., dhi), are fixed 
Stoves). (lav aiiol iiiiid ilre iost colioiily tised to niake fixed stoves. 
Other inatelri'als arc lised Stich ,is claI-silidl, clav-ceincnt, mttil brick
ceuinlit-sniil tout siguiticantilv affct iu
i hiei Utiliilion. l)esign

tOllsideiatoiis lCare stability, sellillh,alil (llira;iiliiv. lilsittli sloves ;lre

uistally owviei liilt, ltlhouligh it) some villages, eXperielicicd, selfl-taught

Woliiell-arl~is 
 ,lie avaiill~lc 1iw hoisc-to-hotise cutictilioll.These
 
sloves ;il'e
iot()hunit acool-iig to cligiuecrilig drawiligs, bllt each coliipo
iiel is tildie according to specific diliclisiolis ilite1islited by tilger width,
limil sairi, amid sizes of'cookiiig )ots. A er each oie is collI 1trlcled, it is
cilred, or dricd, 1F. aiceltaii peiodT l)efore it C;li he ilSed. I huir1\ill labor
 
for colnstI'l[ioli Iayble tlI ei
oIdv st: iillcrial liay be free. 

Mass Fabricated Wood-Burning Stoves 

The lllo.t oiirolilli coilistiitic riii iiierial or this kind of'stove is
 
cerillic (bil'i 
 laly). lwo nheir ilillteials lised to iidntdliti'Ctie iliass
 
'iriciiced sloves ae castniioi a ld shect 
 lietal. lhis stove is designed loor 

s hort-diratiou cooking. It dots not peinetlyu occuipy fhoor aited of*
 
lhe cookiiig placc. lii soie 
 ilaces, polltlsIlilaifailct lire cetallic sloves
 
;1cc)li(liillg tia local desigil, bt ;Islardl 
 mdicll hihielibi-icaid(, Users 
(o not havelo wait fo alilycoLili g tle. ()it t lie other han(, this tylpe of 
ceramlic stove is fragile, illstabl., alld it iitist he illailifitct iired otliside 
the holischold aidtUichased. Aiiot her iYpe of'stove cotolliiei liecol
ilig )o)uilar is tiass [ilbricated iuiseits fior iusitLi stoves. Price ofniass 
tibi'icaied stoves (lleiiuls oI costs of itiaterials, labor, alid fiel as well is 
(:costs 161" I'lldSPOlit( lOli il (list iilitliol. 

Stoves and Housing Conditions 

Whieni lie iimProved slowe (e.g., iultitle pot stove) re(liires larger floor 
itca thai tliehexisting stove (e.g., t hliee-stmoe stove) it mayiot l e accept
able where there is atspacC const iaint. litrtiral aieas of Baingladesh during 
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wet nIont hs stoveS arc const rtiICted ilsi(de the house. lPb)ort+ htsehClds 
livi and (ooking ill it single-ro<oll ,accomn at(lition iav hal+ve a problem 
finding space lo- a large stove. The 1973 hosing ceinSuIS intBalglalesh 
recorded -I.percent fliral householdIs living ill oiie-rooi accoililioda
tion andl31 pCrceint in two roons (G(O)B I979). In1dry ll()nlh.s, stoves are 
inade o)utsidc il kitchch yards aiod a\vailabilitx' oflspacC is not ciicrA. A 
village stildh ill South Africa reports outside lsttililnCrcooking and itiside 
winter cook ing (Marc Best 1979). IliBotswaina cooking is generally done 
in open al'a;s; dUrilig cold, rainy limes oft lie year, cookii isdoi 1tdoors 
(Howard (;eller aid of hers 1983). 

As of the 1973 hosinig censts, 5.1 percenlt of urban houiseholds in 
Bangladesh lived iii one room and 23 pe(ccitt iii two rooms (;OB 1979). 
The intiib r of r'oo0Ils IIsLialll correspIds directlV with the ecoilonic 
status. The poolrest households, with olh' (oneVey siiiall room, (10 not 
have enotgh space ecil thr an iiisitti cooking slove. lost ttilize inoxable 
stoves or temporary thiree-brick stoves. Where space permlits, dutring the 
(iry months, the stove is miiove(d outside or a permanlet o0r, is constructed 
outside. Space coilstraints, h us'uae; preclude outside cookingostall' 
ill urban r;eas cVC (Itirilg tile dI' i1oltthis. llhcrctore, si/c t oi e 
is all iliportitlit considleratioi ill oCsigniuig ml appr opriate tyllC oi 
niproved stove. 

Low\-intcome iuail dwcllciS witIi hitiltd Illooc ail(l spatce pui!rchase 
onily small (jtlilltititesof fircws'ooid at a t iiie, either dailh oit weckly. l'lwyv 
tsiliallx lhiai' t t1 h~I t I hIlf0ii-IIIIIdtd ietlailers w'iIMI l l oCI boIg rOIl 
save on labor and storage (lists imd\ocdl ill oltviiig woou1. Ihils low-iticolie 
Iurlxbii dxVCIhrs iiioist use less lcici'iit fetl hat cieates liloile siiioke and 
discoiif'ort, espCcially dttiFig tehc et sclso i wl Iehey\ ha\e*li way to 
dry their uicl. liladcqtiltc \eittil;it ion ailso sigitictWant ly iiiceases smoke 
pro!)eIlis. ()ithe other hand, hi:01cr ilic ilte orhali dwellers with more 
lIl)lteV ;iid more slorage Sia'e cill p hrchase greali"qtilaiilities alld tIle 
i1o01e exJ)eCsi'c (iry ficl\CIwoM. 'iht\ sullCr less liscomiifirt trom smoke 
and )robatld use less Fuel 0r a given cooki g task. 

Mobile people choose tltir stoves and Iocl accordiiig To various 
priorities. For example, boat miie, isht'iriten, aiI peoIple who live illIolats 
use movable woofd stoves. Ifhcv prele fircwood for ookiiig hecause of' 
limited storage space. Bitl iftlIhC\ do ntot carr\ a sl)ve with tlenil, thx use 
the three-stoinc method (olcookitigoil the iearlb, shore. IPeple witlh 
movable stoves who reside i1il I icotl htolises ill Balgladesh piter 
(1uick-starting kiindling f'uel, such as lea\es, straw, amtlfjute stick, that are 

tanM
more easily and sflI uisec Ia a boat. 
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Design Features of Commercial Stoves 

Cooking stoves used for cominercial purposes have diiflerent opera
t ional criteria. For examtple, *,c,, shops located along roadsides in village 
market places aiid ill trlaban areas operate their stoves for longer periods 
of time each day. Their stoves may lhe (o)lititoUlsIhI warulitig two or three 
kettles. I'hese traditioilal heavy Iiass Stoves are similar to insitui built 
improved (heavy mass) stoves developed fr domestic cooking. Since they 
are located iII well-ventilated places, they do not have chlimneys. 

l)omestic stoveos tised 'ommerciall'y (such as fi- fy-vlug rice or pulses to 
oe sold it tile iarket) arc tradit iial stalte modified to accom)mtod((ate 
1i1titiple pots ove l ngIlcl lill periods auil to LItilize heat more efficiently.
Niuiliple )oft wood-billit iug stoves ii r fod cooking were observed 80 
years ago arouid temples near luri, lidia (I.C. Roy 190.1). in additioll, 
Iobserved similar traditiojial 1utuihipot stoves in a village near l1ucknow, 
India. Multiple p)t stoves also are tLis,( ill some areas of Batlgladesh iii 
making ghur (crtLide sugar) from suLgarcanejulice. 

The ilnmiediale cash savings from a more Itcl-efliciet wood stove 
would aplpeal more to commercial users than to (olliestic users in rural 
areas. The liidreds of iiobilc food-selliig Shops in the region's urbanl 
areas prefer lightweight, ,mmoable sto,-es. I)oiestic( users might find that 
type more attractive, too, becaLise it occttlies less slpat(c. The l'hai bucket 
sto\'c, lot exailiplte, is eq(lially accltL)le to (I)'ers of mobile shops aitll to 
utrbat dwellers. 

Variation in Stove Design Characteristics 

Tl.-ble I lists stoves itsed in rurtal householls by fi.attire, season, aitd 
place used, according to two ru-al energy stlrveys il Bangladesh (Islam
1980, Q uadet; Ona r 1982). ();:-r,,,lh t h stoves (those wit h one pot
setting) were most commoii itt both areas fit daily cooking. Ta/al, tised for 
)arboiling of paddy - adiusually in latrge amomnts- glitir-making, was

Ihe ofl her type used iiI both areas. Iwo-mouth stov-es were used in utie 
location ftr cookitig (Ir fitr cookiig ail(l parboiling ol ptddv (Islamn 1980). 
At the ot her locat ion (Qtlt(ei; ()iiat 1982), t lirec-stotie open fires 
were used fi-pi-boilig of palddy. 

It may be liotcd front lible I that il a pjart icilar season fotr difii-etit 
types of' bionlass-I)t-'ilimg stoves (one-motth, two-i otith, talal, movable) 
were in use itt some villages. Ibtal milmber of'stoves per household varied 
from two to five, t he iicttnbeI- depetiding (i1 changes ill cooking place and 
specific cooking needs oft lie hotsehold, whic i may \,ar y-ear to year.

I observed a filiilh in Comilla district of B,,ngladesh who had fbt"



TABLE 1.
 
Seasonal Use Pattern of Stoves, Rural Bangladesh
 

Number of Stoves by Type 

Inside Kitchen (Wet Season) Kitchen Yard (Dry Season) 

Biomass burning stoves Biomass burning stoves Biomass 

Number Pouseholds One-Mouth Two-Mouth Tafal Movable 
Kerosene 

One-Mouth Two-Mouth Tafal Movable 
Kerosene burning stoves 

per household+ 

N 1 293 336 80 9 16 8 262 287 12 2 0 3.4 
N 2 145 154 52 2 4 1 135 131 6 1 0 3.3 
N 3 349 380 88 13 16 2 295 283 is 0 0 3.1 
N 4 151 169 63 1 38 7 147 150 26 1 2 3.9 
N 5 44 51 7 1 4 0 19 62 5 1 0 3.4 
N 6 43 51 21 2 4 2 44 51 2 0 0 4.1 
N 7 61 76 31 5 15 0 84 74 13 0 0 4.9 
N 8 83 100 35 1 11 4 89 85 12 3 0 4.0 
N 9 94 122 23 4 34 9 132 100 5 0 0 4.5 
NI0 70 79 52 1 13 1 79 80 1 0 0 4.4 
Nl 94 129 0 0 8 1 80 80 0 0 0 3.2 
N12 106 116 41 1 4 1 102 98 5 O 0 3.5 
1113 94 129 37 4 3 1 79 50 8 0 0 3.2 
N14 63 79 4 5 10 0 25 40 17 3 0 2.9 
N15 8 8 0 0 0 A 5 5 0 0 0 2.3 
N16 62 72 13 0 9 1 50 46 1 0 0 3.1 
N17 172 191 30 0 9 1 149 143 1 0 0 3.0 
N18 117 141 30 2 14 1 88 95 9 0 0 3.2 
N19 20 21 3 1 0 0 12 22 4 0 0 22 
N20 93 93 1 0 7 1 93 88 4 33 0 3.4 
N21 67 80 14 0 7 0 66 93 0 0 0 3.9 
N22 146 183 14 3 28 2 126 110 14 0 0 3.3 
N23 445 541 68 0 49 3 425 419 0 1 0 3.4 
1 455 498 6* 2 8 - 288 52* 18 3 - 1.9 

K 2 250 322 2* - 3 - 145 28* 14 5 - 2.1 
K 3 I55 150 4* - - - 103 113- 13 - - 2.5 
K 4 94 115 16* - 1 - 41 198* 11 1 - 4.1 

Sources: Village Numbers N1-N23 are from Islam 1980 and Village Numbers XI-K4 are from Quader and Omar 1982.
 

Note: Three-stone type temporary stoves are marked with *. Villages Kl-K4 have no two-mouth stoves. Temporaiy stoves are used
 
mainly for parboiling paddy.
 

+Include biomass burning stoves used in wet season.
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stoves Iwit h tIle fblhw iIg CI)lhi I]at i( I: one each of otte- and two-Iliout h 
stoves (Figs. I and 2, (.ha)teir 2) were inadle ilSi(he the kitchen'(tilt' use in 
the wet seasoll. One each oft w - stove and three-mo th stoves (Figs. 2 aind 
3, Chapter 2) were made it tile opet kitchen yard for use in tie dri' 
season. ()ii-noutlih stove was use(d lotr daily cooking. 'T'o-and three
nonith stoves were used for cooking or lfor cooking and parboiliig of'
 
paddy or lot' )al)oiling of palddy only. It1tis tye)of sit at ion tIle
 
diesigner of imlproved stoves has I It( following choices: to) replCe each
 
tyvpe oflstove with an
al)l()trovd version ol't Ile smie type, to develop a
 
single irif)l'oved stOv c(apalle of' nice 
 lg I it( need of all the traditional
 
stoves ill lise., or'to (cvlop ihupro\ ed st :)s it) lltct each season's lee(ls.
 

I)onestic cookitg stovcs relported oin ill anl 80-vea' olid rc\'itw (Roy

190,1) ha\ve ( litldrical hearii cornst l 'tctd l)elols ground for mitinal
 
heat loss. For hetter l ,hixing lair ,ttal loe stal St Pir'tlc, tile insid1e of 
tile one-mot h velrsiol is slhl)e(l like ,apitcher. Sinlce the\' are Inlade ol'a 
Itix tIle f drtIg atl mild, ash [rfin CoI ItIstSol acts as a hat inIstlator. 
Carlful ol)elatio (i t(e stov saves onl fucl. , ka gratec is added comlos
lion is better. 

U'sinrg attwo-ImotiIh stove (Fig. 2, Chapltr 2) and two pots might reduce 
cookit g time lht il('t',ease Ill( altlioilllt offuel used. Less flel isused iflhe 
fitelwood inletl port is moved frotiI tle center to ole si(e, tile pot settilgs 
are arranlgedf one bethind the tItr,and flue gase' are oly allowed to 
escape t ltough the secotnd ltoult Il. lhat wou(l htt tIIl'second pot more 
slowly. So thle design choice is letween ttore ftelwood ot) lte tittle spe:nt 
fi' cooking (Roy 190-1). 

NIx' rural e r y ,tlrvsutve((Chalter 2) fotil that in .12 l)ecl't'(lt of tIe 
5,8)() otnie-motli stoves, tlie fuel inlet hole was froti 15 to I8cim ill 
(lianetetr. Itll l)er('eentt, th cvlimhrical ('omul)stion chatuber was frotn 18 
to 20 cm in diameter. lhe d(ptll (distance From the base of'cotlobistion 
chatiber to ile hot ttom of fIlt) (of55 el'r't ft' he: stoves is firom 38 to 
51 cm (see also Islam 1980)..A\(m:tdiug to)at(other sitrvcv, iii 92 percentof'
otle-tlottll stoves, tile (ifai:etcr oft he ftcl itliet hole was ahotit l5rim. In 
71 percent, tile diatttt'r oft lt ('oi)tl btstion crhambers ranged Frotm 20 to 
25 crn. 'The (lel)t h of each stov.' sitrveve(l was 38lct (Quader, 
Omar 1982). 

The diaeter of fuel iliet hoIle isrelated t l th numlhe' of' f'uelwood 
pieces that call be I'Ml i1titthe stove at otce. (G 'urally two tothree piecesif 'f'neh ood, e;a<ch I (iIi wide, are used at ote tittle wit i adequate clear
ance fotr ait'. he (iatliter ol't he cvlidrit'al combuistion chaml!ber is 
related with the size olcooking pail which, ill turti, varies according to the 
fanily size. "l'lhe(lt~tph oft he comItist ion chamber provides Combustion 
volltme, cotoloIs conhlslill air by chillttiieV a(tion, alnl( acts hotl ias aln1 
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ash collection pi I and as an air shiel otr Ilie coribust ion zone. leptlh has 
been fomidtl e a itrucial factor ill heat utilizalion ellicieicy, anliolimt ofto 
cooking time, and amount o'smoke (Islam 1980). Thus, dimension as a 
design fiacto afifects tlie overall perf4rmance of'a stove. 

A series of eXperinents varytig the depth I ,tone-unouth stoves r'evealed 
that thermal efficiency increases is depth decreases, to anIojtilnuiii 
petrformance depth oH43 cm (i.e., performance 'ith Ihigh theritial 
efliciencs; ninimal cooking time, and minimum smoke). When tlile depth 
was less than -13 cm, thermal elficieicy iwreased slowly, cooking time 
increase(d conisiderably, and thick smoke filledt lie cooking environlient 
(Islam 1980). lhose observat lolls correlate with tile ciled sii'vey findings 
that ill one area 55 percent ofoie-iouth stoves wele ['loil 38 to 51 '1ii 
deep (Islam 1980) and ill anot het' arei all stoves sir'vet'd wcrc 38 cm 
(ee) (Quade; ()imr 1982). 

In Nabagram, ill 50 peicent of'the 3,200 two-month stoves surveyed, 
the diamletei oft lie fuiel iiilet hole was from 15 to 18 cm; -19 Fiercent of' 
those stoves weretfrom 53 to 61 cuiilong and 27 cm w idtl. 'lite de'pth of'-45 
permit stoves was It'oni 51 to 6.1 c(i (Islami 1980). A survey ofdimiesions 
of' 14 tatals was carried out inl Kulagliat. Iit 72 peLrcLent, tlie dijalieter of' 
the fuel iiletiwas 18 cii. In 80 p'i'itt, t lie dlept I was 28 cmi; aIll were 
about 64 cii hllg, all 61) lerceiltwere froun 38 to 51 (-ii wide. 

Altoget her, over 100 desigis of'stoves are '0litiiedliii a stove coellii
dilli by Guid de Lepeleire: alld of hers (1981). I'liis publicatioi r'ecord'ed 
for the first t ime the illaiy (lesiguis o't raldit ioial stoves.Without diagra
matic prcs'emat iO, ievious publicatiIls oi stoves gave al iIipr'ession 
that all t radit ioiial stoves we're desigicol as t liree stoiies wit Iian open fire 
inside. Yet that comiiilndiui still d)cs iiot c'ove'r all existing designs. 

FUELS 

Kindling Fuels 

Starting a fire without kindling is difficult, yet laboratory researchers 
who use artificial methods such as using a pilot gas burlie.r or soaking tie 
end of' fuelwood in kerosene are not familiar with this key step ill wood 
stove operation. 'I'he amotum of' ki, doling needed deleds oii ftclwood 
used and stove design. Kindling pi'ocedures and tlie quality of kindling 
fuel itself' would vary tile amotts of' tuel required for lighting tlie stove. 
Time and conditions of' ignition aire also affected. IEo' inst amce, in Bangla
desh fuelwood that has beei cut aiid split into small pieces by hand and 
dried in tie stii is tisedias kindling wit Ii normal size fuelwood pieces. 
Easily ignitable fuels such as paraff'iti wax, keroseiie, waste pape, small 
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(ucollIIuIr'ndds h n u rn 4 r//r'br in~Iihing 'il/age, SribLakai. 
(Kirk 1.5 milh 
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pieces of dry fuelwood, and dry !eaves are used fbr kindling, but rural 
people in developing coll tries generalN use locally availal)le nIaural 
sources such as leaves, st raw, jute sticks, aidI risliwood. A fibrous 
byproduct from oil palii j)roluction callc(jlia is used for kindling in 
Western Nigeria (V. AN 1978). One study rel)orted on tile use of brtish-
Woo( to ig fires ii, a South iStart (Il African village. leol)le there light 
their mova )le wool stoves outside and then move them back into lile 
kitcheii (Best 1979). People iii Bangladesh tise movable stoves in a similar 
way. Ini some rtniiral areas, the same tuels are used for kindling and t'0r 
main cookiiig becatuse they are in abluidanit stupply dluring specific 
seasons oft lie year. (;enerall, woio(d-I)lriiiig stoves create heavy smoke it 
first froim incomplete coimnbust ion, alt hough after t lie fiielwood ignites, 
the smoke lessens considerably. hiFuel coiisluitl)tiol e:;tiniales also vary 
according to met hods used to accotiiit for heat tised il kindling. 

In Balgladesh, ustially the stove islit befi' e the cookilig l)ol is )ill oil 
the stove, to kee ) lie fIood from smelling si oky and to make lighting 
easier. The cooking pot is removed from the stove ift lie fire needs 
reigliting (Itiring cooking. (nit lie poor pUt tlie pot Onl first to tit ilize 
the heat immediately. Stoves with grates light more easily and reduce 
smoke so they would ap)peal to people who are able to improve their 
quality otlitie. 

Biomass Cooking Fuels 

Biomass fuels used for cooking are ol)tained from three different 
sources: trees, agricultural crops, aid aniiiials. Of these, fuelwood is 
considered superior because its burining quality is better and its storage 
presents fewer problems (less fire hazard, less space). In cities of devcop
ingcount ries, luelwood is tile most common coimmercially available 
bioi lass fuel for cooking, although charcoal also is used ill soie urban 
areas. Except iii some special situations, most coinkitig fuels are still 
ilo1icoMInlercial ill i-ral areas of (leveh)liigcoumitries. Lsage varies by 
region aiid locality, and by seasoi. Substaiitial use ofagricultural and 
animal residues for cookiig, as iii rural Bangladesh, signifies fuclwood 
scarcity. The composition of available biomass fiels may also vary with 
landholdinig size aii(l income group (see Chapters 2, .I,and 6). 

Processed Fuels 

Accommodating lifferentt fuels is a dIiflficut dlesign )roblem. Compact
ing locally available fuels is the main way to overcome that problem 
(Prasad 1981 a). The l)rocec tires and hardware involved in cotil)acting 
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woo(l, (l'o, iiid aillillalI'isi(lliues have l)etil discussed elsewhere (j.

Janczaik 1980I).Withiii Soillien) Asia, resetlc 
 oil olhtmcti l of'resi(lule
tuel s ()ioniiiinil at lie Thailani ili llililo s('ieiil'ic andof( leliologli
cal Research (TISIR) (N. lPitakariiop l81l ): Ilishittile of"lTeiiiglp
Bail(liig (l'lP,), lin hlic(sia (Ililii o I l;ir;lial 1981 );.Jv'li Solar I' erg
linstillite .Si,), li)(lia: anidi I 'iiversil' oftlhe llhilijphii, s al Los Baiuos 
(U1,B) (E ILI.ola/id I981 ). liI ruiral areas of Baigladesh pcoep llililg
(Ilillgaref .ud to supo)rt it o ailisick to contirol its Iiiiiiiglike a jpieee
of,firewoold.
 

IlO(ssii I t o licltoviud is (ilii i illhIlil\ hliihal ooIs, soi
fthelwool gilhilrS prler Ites wil h siiiallei (Iliililui.s. [ilI firiiliore,
si/iugiltd splitI Ig ultii,(l I Itt5s is liritnt. (1 eei I i es alt l)vp (essesol 
otheii. Il iiii ai Bilaffidesh, Ilielwool lpic( (.s aiie fItli 0.3 to OA Ieicl:l ill
Irur1-al ateas ficlwomii is floli OA to 0.75 tr.i lic(liTleiit leigthls
it'(COiiiluhlc,a patlticular (oiuiilstioi (hliiaiu, s dIt i. Stoves iii illrbai 
al'es are1"ii ile abo groiunl level: illtir tl areas uhlicoll)llilin (hlii
~tr is hilm(e below gioTiili(f leel. I itrilral lioiiseholhls %tele ildl flis 
ile used, liolte s)a(c is iic55ativ for tle greater voliuiie of its,). In lrlbal

areaCiis where liljewood is used, less \olullie is relird oil ash collectioin.
[he et Iltligilofflicilwood is also related to Irilisp)ulllt Oli;liuu storage 

((N1tiSc(lice. 

Smoke and Flue Gases 

P'roblemtis related to smoke atId flie gases vary accordiig to houtse
 
(Ilsigoiii ailii i
0e1st1to liet' la l \iri lhMs lellIClitiotd earlier. lhcse
 
p]i'leills are-c disc'isseul Iext illIlie otXt of 'ouestove st
iuv in 'lUgra\illlg uea.ir- Biug1 loIn-t,,l ia ((Tl't 1981 ),VrliiSitg ol Iumf' st iut lret
 
;Isolte ;aiting iualliafItci i g vent ila ion.
 

API:poxhiiatl 80 perlctill o tlie Iises ill
Uigra have tile' rools. 10
 
perceut haVe, lhatchted tools, andf 10 iercett ha\-
 r 

kitchen. Nlallig 


lig, rootsl'over Ile 
ruis (ousist ola 30-ciii t hick iii(d ro(veriigover lioi/olil

t1l wooden raftts. Smlioke Seeps through t aliateli ail gapslli tile tiiools. Ill
hollies with tile iools, Ispac is often left opentbeweel th letop ot lie wall
ald tle ii of hiib\et, I oltl smioke. I liises wit liillic ro(l s ill'(t.1r
 
iglt. Ill llSt stses., 'ilillilVelISt Mil, illsonuic, kitchlie windows telease

stuke., hut lihe sumoke still Itcalchts iiiiomifirtalek and iilil)iuetlh liyat
oIls Icvels. 

Ill oneC rilral air'a in Biiladsish, 91 I)ei-cet of lie kitchens and 96 
l)el'(Cllt oft lie roofs are illade 1leaVes ai( st l'aw (Islanll 1980). liosettaterials hav good vetill illu iou l lItrlie smoke. Throughou Bangladesh, 
ilost ha\ve thl ht, 'liels.til 
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Fuel Efficiency 

Overall stove efficiency equals combustion efficiency times heat
 
utilization efficiency, or:
 

heat actually produced by 
normal combustion heat received fi cooking 

x 
heat producible by complete heat actually produced by 
combustion normal comhlstiStion 

Provisional standards and methods for analysis of stove efficiency are 
presented in a recent publication (V IlA 1982). Recognizing the need for 
qualifications related to indexing problems (Chapter 1),overall comlpari
sons between the efficiencies of'dificrent fuels used for cooking are 
cited next. 

Electricity is usually considered a SUperior f'om of energy to ('uelwood, 
but its use for cooking is nearly as inefficient as fhelwood is in wood 
stoves. About 75 percent of prinmary energy is lost during generation and 
transmission. Given an average cooking efficiency of 70 )ercent for an 
electric stove (C.G. Segeler 1966), t lie overall efficiency of' priniary energy 
use becomes only 17.5 percent (0.25 x 70 = 17.5). 

Among wood fuels, charcoal isconsidered to he t lie best fuel. Est i
mates of'charcoal output per unit of the original wood range f'rom 3 to 12 
percei.t of dry wood by the eart Ii stack method to 12 to 15 percent by pit 
method (E. Uhart 1975), <Itrishigh as 25 percent insone earth stack 
situations. Given an average efficiency of"50 percent fbr a clharcoal stove, 
assuming a mid-estimate charcoal/wood ratio, and assn ing the heating 
value of charcoal is35 M'I/kg and of fuelwood 20 MJ /kg (Bialy 1979), 
the overall efficiency of primary energy use isonly 13 percelt: 

0. 15 kg charcoal heating value of charcoal 
x x 50'7(

1 kg wood heating Valtie of'wood 

0.15 kg. x 35 M. /kg x 501;i = 13(7 

1kg x 20 M.J/kg 

For an analysis of experience in introduction of improved charcoal stoves, 
see Matthew Gamser and C. Harwood (1983). Efficiencies for gas stoves 
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and liquid fuel stoves are highe, not accounting for transport or other 
energy requirements outside the stove boundary. 

For some users of'traditional stoves, ;n improved wood stove might 
potentially increase overall efficiency by 200 to 300 percent, but user 
response would be slow because of their economic conditions and avail
ability of'resources. On the other hand, users who are already su ffering 
from a cooking fuel crisis might be operating their stoves at a higher 
efficiency level than that first user group, because they atjust cooking 
habits (cooking time, operator's attention) and cooking met hods. For 
them, the potential of increased fuel efficiency might not be more than 
50 to 100 percent higher t han their exist ing level. In adopt ing an in
proved stove with higher efficieicy, some users might modify their 
cooking practices or shift fuel source from residues to ftelwood. Family' 
nutrition and health ias well as the environment might benefit, but effects 
on fielwood deiiamd aold Supply would vi accorlding to local circtii
stances. Both sets of factors require local assessments. 

CHANGING DESIGN PERSPECTIVES 

A stove has fbur fmuctional components: (I ) a fuel and or air inlet port, 
(2) a fireplace (combustion chamber), (3) a pot seat, and (.1) ai outlet port 
for combiustion prodtucts (flhe gases). A traditional stove has these short
coinings: inicomplete comnbtmstion of ftuels (less heat and more smoke), and 
inefficient heat utilization. An imnproved stove shotld achieve these 
objectives: better bitrin iig (and therefore more heat and less smoke), 
re(uLced heat loss and better heat titilization, and removal of smoke. 

Three central feattres of recently advocated stove designs are (I ) a 
closed combustion chamber; (2) horizomlill d ucts thllrt-Igh which h1ot 
combustioni gases are passed to maximize heat recovery in t series of pot 
holes; (3) a chimnecy to let air in and let smoke out from tlie stove environ
ment (de Lepeleire and ot hers 1981 , . Acolt and others 1980). "l'hese 
design features were developed earlier in India (Nideshak 1958, S.P. Rajtu 
1961) and Indonesia (Flans Singer 1961 ). 

Iwo recently recorded stove designs have attractive feattires. The basic 
technical design of1the Thai bucket stove (NEA 1981) is tile sammie as tile 
charcoal-burning ceramic stove develope(d by the Ceylon Iinstitute for 
Scientific and Industrial Research (CISIR) in Sri Lanka (i)hamninika de 
Silva 1981). Because it is clad with a metal sheet, the Thai bucket stove is 
less fragile and more durable. Also this type is stited to either charcoal 
(used mainly) or to wood fuel. The metal sheet adds to the stove's cost, so 
a different grade ofthe same basic design might be more approlpriate for 
low-income consumers. On the other hand, f'iat tires sUci is a metal 
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Figure2. Imipro 'ed (Nabagram)nStove 

firamework and tile top (Lozada 1981) %volild m:ake the stove more attrac
tive to higher income groups, thlough such external improvements 
increase the stove's cost by nine times. 

A recent design (Fig. 2) developled by Islam (1980) is like the tradi
tional stove described by Roy (1904), except the l)ots are arranged side by 
side instead of'one behind the other.In a Sri Lankan village near Kandy, I 
observed a traditional stove similarmto this recent design. 

These examples are cited to st ress that some oft' he designs of i lproved 
stoves claimed by researchers are similar to existing stoves used elsewhere 
or to traditional stoves developed by rural people throutghitheir own 
experience. This design history mighl milotivate research to discover the 
conditions (a)that have flostered accel)tatce of the latter stoves where they 
are inuse, and (b) that have discouraged their wider dlitiusiont. 
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A particular design ofhniproved stove, of course, m1ay not have to incorpo
rate all the components. 

Stove researchers have considered the chlinulev a techinical solution to 
the smoke prl)lell. A chimney iact ually has two Iflinctions; one as a duct 
to carry out sInoke and fhie gases, t hereby creaI iIIg aI(raft thIt pern its 
air to flow into the coibustion chall)er. A single )Oi stove fitte(d with a 
chinlney increases fuel consunItiln. In a ii nt i )ilepot stove flue gases 
pass thbrough iorizontlal ducts to maximize heat utilization. But e'eni then, 
to avoid higher fuel consiumliption the chilllnev drahftust lie conit rolled 
by using i ailnjer 

A chiiiliicy iiight not be ain apll)i atl)iiill ill soiie cases.iiioiln'atio 
Sonietines escaping smoke aciS as protection for roof'ing materials 
against insect attack; soietinles heat f'loiii tile fuel gases dries crops or 
heats a space. In hot climates, users would like ,) renove hot food va)ors 
fron the cooking area. A thatched roof'witih enougi clearance at the top 
oft he wall, or acorrugated iron sheet or concrete roof incorporating a 
vent system, could remove flue gases and vapors fhont the whole kitchen. 
A chimney could not fulfill that need. 

Individual situations influence successful operation of a stove with 
a chimney. A laboratory researcher might advocate a certain chiliney 
height that insures adesired air intake, wit lho considering kitchen 
height. Increasing the chiiney height to carry smoke heyond t he roof 
might increase fuel consul)tion. Lxainiiialion of particular housing 
conditi,)ts and ventilation should include a quamtitative analysis ofsnioke 
and gases generated ill diflereil kitchens andIl heir iipact ol health of 
stove isers in order to provide iavilid basis for idenifying well-designed 
kitchen systems (see Kirk Sunit II, A. I.. Agga rwal, aid R.M. Dave 1983). 

Other design choices must take in to account particul a ici rcilinstances 
too. Raised stoves may be desirable because children are less likely to be 
birned, but sometimes, as in itral areas of Bangladesh, sloves at ground 
level may reduce I ire hazard in kitchens with .tl)tusible blionass 
roofing or walls. That fire risk is less if roofing is nade of corrugated iron 
sheet, tiles, or conc'ete. Cooking practices in d tools are adapted to 
particular stove designs and are not easily changed. Wlien the cooking 
position and matching kitchen tools and appliances iust be changed ifa 
new stove design is to be used, t lie liew%design nighit iot be accepted. 

An improved stove (Sheba Chula) fil led wit ia grale of wire lesh was 
developed in Bangladesh to cook wit i firewood. Rural households using 
agricutu-al residues and dry leaves find it unsuitable because grate 
openings get clogged wi th iiniibii fuel. Oi lhe othlier hand, wider gap of 
grate in ight allow tlie fuel to fall below tOe grate ill uniiburinl condition. 

In a multiple pot-setting stove heat utilizalion efficiency wotld ibe 
affhcted if all the pot .loles are not in use at i time. 
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TESTING STOVE PERFORMANCE 

Generally stove perfornmance has been rated accorling to Gverall
 
thermal efficiency. The overall thermal efficiency is inversely plopor
tional to the amount of, f'tiel coilstiled. i'herefore, to carry out a certain 
cooking operation, a stove with higher overall thermal effliciency would 
require less ftiel than a stove with lower overall thermal efficien:v. 
Recorded attempts to compare tlie performance of various stoves using
estimates of their overall thernial efficiency often have tailed because 
testing has not been standardized. Es iniates of overall thernial efficiency
and fuel consumption depend on many interrelated fIactors. For valid 
results, these factors must be identical in nat ure or t heiir corresponding 
influence must be considered on a similar basis. 

Selecting Stoves for Testing 

Criteria used for test ing stoves have been \'ery weak in the past. 1In 
domestic energy surveys, various statistical sampling procedures are used 
to select a household survey group. A sampling procedure to select 
representative test stoves, howe'er, is rarely fIollowed. Ofien no data are 
available or collected about the stove types used in the survey area and, 
in most cases, either one kind or only very few existing stoves are selected 
arbitrarily. 

Since domestic cook stoves are built using indigenous technical knowl
edge and materials, their critical dimensions, mode of operation, and fuel 
vary greatly. For example, size and sha pc of'one particular three-stone 
stove depend on the orientation of't lie individual stones, their height, and 
the gal) between them. Those dii, erences may in turn afkHct the operation
and procedures and t hen the overall thernial efficiency of the stoves. 
Virtually every individiul stove, then, can be considered a separate design
and as a group, three-stone stoves can not be compared with any partici
lar improved design. 

For those reasons, the number of stoves selected for technical ev'alta
tion must be representative of the total number in use. Then physical and 
operational difleremces of'those stoves shoild be correlated to overall 
thermal efficiency, additional uses of the stove, corn fort, and other user 
variables. IUthermal etficiency of stoves in use varies widely, tactors 
inhibiting emergence of' a dominant version should be identified through 
in-depth discussions with representative users. Then that information 
could be used in f'uttire designs fi)r improved stoves. The indiscriminate 
transfer of experience from laboratory to vaiious users oi1 fi'omn one 
country to another should be avoided. 
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Heating Water Tests 

Overall thcrmnal eficieitcv of'a stove can Ibe deterinined exjerilnentally 
by burning a known aiotllt of firewood and heatig a known amount of 
water in a cooking pot oil that stove. The ailotiil of firewood burned is 
used to est inlate hu. heat in)tlt, and the aimount of heat received by the 
water is used to estii ate heat outptt. Water is tiversall' used for this 
experiment because of its known physical pIoperities, easy availalbility, 
anl wide al)plicablility ill cooking. 

Experimental Procedures. These procedures have been followed in 
variolus studies: 

I. The weight of waterlused t)" heatilig is kept fixed. A )artictlar 
experimeit is cotisidered coill)lete (a) whilen tlie ;an(onlt ofwatet" reaches 
its boiliig point (b) after the wtter boils, eval)mratio)l (silineriltg at 
constant boiling l)oinlt) colitillles ftr a F)re(Ictc''lied tinle pei'iod; or 
(c) after the water boils, heatitigcolinies (silllinerilng at tile boiling 
poitlt) tintil all the water is eval)orate(l. The amtioiilit offtel bullrnied in 
each of the t ltr'e cases is noted. 

2. The tine of the exi)erimletal intl is kept constait. A certailxl anlothit 
ofwater is heated to bolting or boilil, ill c',il+oiaItioll. hlhe alilotlit of 
fiel burned is iloted. 

3. '1 he weight of fuel blurnie(l is kept cwlstatnt, tai(l a irt iclilar run 
is coltined until a ctrtaili allioult of flnel is l)uiiled. "lihe either (a) 
tile ntllil)er ofltimes a fixed (Iltilt iv ofwatel is brought to boilitig is 
recorded, or (b) a gi'e-i alnotlit of water is lieated to boililg ;it(l ev,ilpol;ra
tion is CdOtiited( Until tIle fixe(l aitsfntllt of' fiel is used., 

Factors Affecting Results. live kinds of lietoirs (,n affect tile esti
iliates oft'therl al c(ficietlcy: variatio1s il fuel, diffeliclwes ill puots Used, 
operator dissillihilrit ies, (ifecwe in p thysic\c.'iotlient, aid tile 
sequience ofcxj:erienl(tlts. 'li'e\ariat iiols il tie fuel (heal ing 01 ealorific 
value, tlloistite colnteilt, species of tle, t let )art, a;ld size of fitelwood) 
are discussedlnext. 

The two tves of Ilhi'ig, of I irewood are gr-oss (higher) Ileatilig,ahn'e 
vaiute anid net (lower) heatilig value. Gross leatilig 'alltc is tle. amioult 
of heat released by tie conlllete coiitistion ofoilit weight of fluel ill 
stain(lardt collit ion, IsslIltiiiig all t lie wate'r l)rolduced (I nilg coliiibustiO< 
has rettlrted to its li01,: , state. Net heatitg \-,itle is that ailotlt asstiiitlg 
the water producedlt ,whxiis vaiporotis. Therefore uise of the gross heating 
Vialue calculations meatls a lower ,uItie of'overall therimial efficieticy; use 
of iet heating \ahle results in a higher valuie. 
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Both gtoss ald ItltI hec ati lg valtes ate alected by the presence of
 
ml.oxt ure,in Ile firwood a coCtllet tl I ItlI ht IlItI
Ig %'atte is lIfecessa'y to 
allow lort I a(.1aIIno)tfIIt titoist lIre present. In la otato(rv Co luitiots, either
dried f'ii'ewood()r i'rewool wit Ita knowt toistlure ('olitelli ate tse( in 
eXl)eietcs, butIt tit fi ld, nIoist Itrecol IIite tit of' firewod is diflicuIt 
to deteltiti(e pt.cisev. \ ot-Ahproedute lot- app)l'oXilltiit [lg tilt olriellIt 
cr itent ofl'woo( ln ite Itlati ve itiitIti (ol'air is )r'oided illVI'I A
 
(1982). The mnoist IIre coI'ItI 
 : it fi leoo(l r(jitIil'es a it[lI oll tI
 
gIletitatl het tir its eXI;ll) li MIn 
butttIn.iayor i1 11,1 t Ipositively afte't
 
Ile collhtli(on pirtoess dfirect IN.
 

Atllhoilghl til I 
 Iit altue hy w,t'igIit (kj ikg) of)l'ar)tits har(dw()d)(l antI
 
softt wood spttcies is aijlroxitlli lIhc s;lt
lieot'ovlV i-hv saiIlples ising i
botIlib calori lt t. the vatriiionols ill(ellitv illll ill vsicial ll(f cheluical 
tolipositioti ofldi fit', 1t/or'ud /y/1w\ ilight alter !)ill'lillg CtIialIcteiistics. 

So lictt wouihl hr rela'sed ll iim tales. Bark, twigs, ailill olierttee
pat;I's also.,1\ \.Ivt\~ri 2 .hIlngll- larl(clerilif.s.
 

. rllet'lial etfici.icv est iialtcs are also afftected b dhifcren(es ili ('ok
ing pots. Coti'll('liioll, llatcrials, slhtl)ae, 
and size of'tlie pot usei affect
 
overall t.hertiial eficicityl,. So(Iia ll l t'll ar
i)t lid, sooilt (lelpisits oil pots, 
and (lissilved Solids deposits oii thi, itiside pot .,,lil(Te.
 

, gien weighltof irt'wood can be fid 1110)a stove illt'riiitteltl, in 
bat('hes. 0)r cootlinu(otslv ill t lie bitin of lotig sltiks. lrliilg c-hitra('tt'isti('s
oft Ile woo(I ;w(l(fiigto s ii(Ior ftdc(ilg rates an11d o tl! eficiitcv is
 
alete(d. ( eti'tlly 
 (out' )it i Ill)olalollV\ slaltililhe'r is ret'sponsitle 

l'cartr\illg lut t i)(tili'li ,eSilltilt ig elfficict( . I'lie arc f rt''v(ifleat'h

t'xpe'rnittlt Is te ,t( 
 b\ tIt'sainiie ili(1i\M(ll'ls i('!i,';liIg the tests lotr
 
+"el)trodttlility. lli 
Hitkid of rt rodiicibi1itt Is most attainal)lt when tile
 
01/wuIIa/u has vtr ittlc (lilert ill Itlelire o) eXcIt'tlltalp 'arialhles. lTests 
ol lighting the sto\t, feediting firwood, ;itd iiainltaiig the fire depend
dir'ectly o)n opctral<)r cxpcrtIsc,. Tlhteefore', 14r()l)t(rs are.difilIere.,it,
 
r'el)l'(hilt'ii)ihliY test reSillts will 
 )r(il)a)l' vary.\',o'i;ittis betweli scietitist()ieraIto)rs and exp~eritc nct,(l rt1ral wo)tittll o)perato)rs woutldl he worthl 
studlying Ill it(.chit tiff.
 

1.,iratiolns inll t,IIe.yhl-si(1, ;,I r #,. (aillliiitlttl te 'l
ld l lllrt. InIIlnidlN!,' 


willi 
speed and dir cin)io llso itflect o\t'itll t ilil efiicfit'nicv. \\helii'r 
()tlot tile ex)etilililts atelli(cilt'e openiliside itch(,o5d roolil (rill all 
space Aiso greattl affet'ts the initel)tialtioni ()tlie results. 

Test Limitations. It soni (lilt urs,iiiti'lt t'ookiin lk'eivlys baking antI 
f{'i\illg. o)t'iit i()ns at'lise iit ineflt'ted in sillittited water heatitig
tests. ih at inpullt att,is de(ureased sotnewhal f()'sifinitneiii i ,ctuil 
cooking, dependingon filttipl e of food, the co)oks experien'e, anid thlie 
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cooking time available. The oil used in cooking also varies heat transfer. 
In the simulated water heating test, the heat input is constant, and no 
cooking oil is used. 

In actual cooking, tile 01)jective is proper cooking of food; how tntch 
water is evaporated during cooking is not important. Water heating tests 
estimate overall thermal efficiency by how much heat is required to 
evaporate the water. That measurement is only a partial indicator of 
stove performance. Thus, final evaluation of a stove should be based on 
performance of the desired cooking operation. 

Cooking Food Tests 

Overall thermal efficiency is not mneasured direcly when evaluating 
a stove by food cooking experinents. Instead, the amount of fuel coti
suned f'o cooking a give:n (uantity ofa certain dish is used as a basis for 
evaluation. That aniount of fuel depenis on stove l)erl'ortnance as well 
as on the particular (fish's characteristics. These characteristics ilule 
quality and qtiutity of uncooked food atnl( the process of'cooking. 

One series of experiments focused on v'ariations in amioutlt of' heat 
required to cook rice (Islain 1980). Sto e type (heating systunl), cooking 
palt types, and rice variety, as wc IIas amiloit of rice cooked in one batch 
and met hod of rice cooking were the variables for the st udy. 

Tests A: Different Heating Systems. In these experiments (with one 
exception), enough rice for an average fanily's meal was cooked using 
varying heating systems. (In the experillelnts using a pressure cooker the 
amount cooked was limited to 0.9 kg by' tie vessel's capacity.) Rice was 
cooked with excess water (drained off after cooking) - the typical method 
of'cooking rice in Bangladesh. Four types of cooking pans were used with 
each heat ing system. 

Consistency was maintained as much as possible by using tie sante 
initial anilouit of' kerosene for each reading when start iug i kerosene 
burner. Also, kerosene flow rate, natu ral gas flow rate, and electricity 
input were kept constant. For cooking oni a wood stove, firewood of the 
same size was iised each time. In nornal cooking, heat inu)tt is slowed for 
sim met-ilg. 1)Uring the experinients, however, the heat input was kept 
constant to avoid another operator vai'iable. Thus, the estimated heat 
re(luirement during the experi:-ents is slightly more than would be 
nornmally used. 

Since rice is usually the f'irst course, each stove was tested f'rmn the cold 
condition of stove. (With a wood stove moire heat is required to cook a 
particular food item if the stove is cold; the difflerence is only marginal 
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TABLE 2.
 
Fuel Required for Cooking Rice by Using Different Heating Systems
 

Heating Description Type of Pan
 
System FA SA SC PC
 

Electric 	 Time (min) 65 67 94 43
 
kJ/kg of rice 3435 2584 3628 2489
 

++  

kJ/kJ 0.23 0.18 0.25 0.17
 
Cooked rice/rice 3.87 3.27 3.59 3.49
 

Natural gas Time (min) 42 50 61 25
 
top surface kJ/kg of rice 3996 4131 4746 2916
 
burner kJ/kJ 0.27 0.28 0.32 0.20
 

Cooked rice/rice 3.30 3.53 3.57 3.47
 

Kerosene: Time (min) 56 56 63 32
 
wick control kJ/kg of rice 4179 3618 3889 3094
 
burner kJ/kJ 0.28 0.24 0.26 0.21
 

Cooked rice/rice 3.62 3.54 3.53 3.41
 

Firewood: Time (min) 46 44 44 24
 
One-mouth stove k/kg of rice 35890 25110 25110 22510
 
(0.43 	m depth kJ/kJ 2.42 1.7 1.7 1.52
 
of hearth)* Cooked rice/ri,.,, 3.56 3.62 3.55 3.44
 

Firewood: 	 Time (min) 47 45 55
 
+


improved stove	 kJ/kg of rice 19340 15500 15560
 
ki/ki 1.31 1.05 1.05
 
Cooked rice/rice 3.63 3.5 3.59
 

Source: Data are from Islam 1980.
 

Note: FA: Flat bottom aluminum pan--1.14 kg rice cooked with 4.88 kg
 
water; SA: Spherical bottom aluminum pan--l.36 kg rice cooked with 5.9 kg
 
water; SC: Spherical bottom clay pan--l.36 kg rice cooked with 5.9 kg
 
water; PC: Pressure cooker--0.91 kg rice cooked with 2.27 kg water.
 
Type of rice used was aman rice, moisture content 16 percent. Caloric
 
value of rice = 14,800 kJ/kg.
 

* 	 See Figure 1, Chapter 2, 

+ 	See Figure 2.
 

++kJ/kJ = Heat input 	to cook unit weight of rice/Caloric value of unit
 

weight of rice.
 

Net heating value of 	fuels (GOB 1976): Na:ural Gas = 993 kJ/standard cubic
 
= 	 = 


foot, Kerosene 46,055 kj/kg, Firewood 15,119 kJ/kg.
 

to cook a unait weight ot rice varied aiccording to the type of 
pan used. 

2. 	Cooking with a pressure cooker required the minimum amotnt 
of'heat (ftuel) to cook i unit weight of rice, tit the xpense of* 

http:cooker--0.91
http:pan--l.36
http:pan--l.36
http:pan--1.14
http:kJ/kJ0.23
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TABLE 3. 
Heat Utilization Efficiency of Cooking Devices, by Water Boiling Test
 

Pan Type and Heat
 

Utilization Efficiency (percent)
 
Heating Device
 
(Heat Input Rat,) FA PC SA SC
 

Electric coil heater
 
876 Watt (3154 kJ/hr) 77 63 68 70
 

Natural gas: top surface
 
burner. Input 6300 kJ/hr 56 57 54 
 50
 
(average)
 

Kerosene: wick control
 
domestic burner 54 53 53 50
 
(10 No. wicks). Input
 
5000 kJ/hr (average)
 

Firewood (Sundari variety).
 
One-mouth traditional stove* 8 
 12 13 12.5
 
with 0.43 m depth. Input
 
46,000-48,000 k/hr (average).
 

Source: Data are from Islam 19O.
 

Note: Cold start experiment, 5.45 kg water load fot pan types FA, SA, SC, 
and 3.3 kg water load for pan PC, one hour duration. FA: Flat bottom 
aluminum pan; PC: Pressure cooker; SA: Spherical bottom aluminum pan; SC: 
Spherical bottom clay pan. Water capacities of different pans: FA - 7.3 
kg, PC - 4.4 kg, SA - 7.4 kg, SC - 8.8 kg, 

*See Figure 1, Chapter 2.
 

the pan might discourage its use, especially since its capacity 
was limited. 

3. Tile quantity of heat required to cook rice using different heating 
systems varied inversely with the heat utilization efficiency 
estimated by water boiling test (Table 3). 

According to two rice cooking experinients reported by Roger Revelle 
(1976), the energy required to bring the cooking water to boiling and 
then to boil away requiSite (uant ity ot'water was 2,510 kj/kg of rice or 
17.5 percent oft he food energ) conteiit of 'ice. The estimated amount of 
heat reqiured recorded by Revelle (1976) is valid for a particular type of 
cooking device, type of heating system, and cooking pan. Resuls also are 
limited by rice varietv used, ty amtount of rice cooked in one batch, and 
by cooking met hod used. 

The heat required to cook rice using an electric hot plate was rel)orted 
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as 2,770 kJ/kg of rice (Mansur N. Hloda 1979). That finding is compara
ble within the range of tabulated data for an electric heater in Table 2. 

Tests B: Different Rice Varieties. In Bangladesh, available rice 
varieties are classified as eit her parboiled rice (Siddha) or unparboiled 
rice (Alap). Four varieties of parboiled rice and two varieties of unpar
boiled rice were selected for experilnents carried out using one top 
surface, natural gas type domestic burner, and one domestic burner with 
kerosene wick control. Rice was cooked using excess water, in flat botton 
aluminum pans (see Table -1). The amount of'water useed each time was 
based on the experience oflthe woman researcher. Results of another rice
cooking study using no ex-,-- , ",'ter(all water boiled oifot the end of' 
cooking) are summarized in a, 7 

Those two studies provide these observations: 

1. The parboiled rice variety required more heat per unit weight than 
th unparboiled variety. Heat requirements fbr each parboiled variety 
depended on the degree of parhoiling and on grain size of rice. Heat 
requirements also varied for each variety of unparboiled rice, depending 
on grain size. 

2. Using one fuel and one variety of rice, the amount of heat required 
per unit weight of rice decreased as the amount of rice cooked in a batch 
increased. This scale factor explains why per capita fuel conemption 
decreases as number of people per household increase (Chapter 2). 

3. Less heat was required por unit weight of rice with a gas burner than 
with a kerosene cooker, probably because heat was utilized differently in 
each system. 

4. The dry method of rice cooking (with no excess water) required less 
heat per unit quantity of rice compared with tie same amount cooked 
with excess water. 

Using these methodologies, sets of readings oi rice cooking could be 
taken for wood stoves. Then the experimental data could be compared 
with heat utilization data obtained at users' level. Similar experiments 
could estimate fuel consumed in cooking coninion dishes, e.g., baking of' 
chapati, cooking rice, meat curry, fish curry, vegetable cury, and pulses. 

Tests C: Typical Daily Meals. Performance of a stove also can be 
evaluated by cooking the typical daily meals t,fan average family. Ifthe 
test is carried out for cooking one typical meal, the fire is extinguished 
immediately after each period of active cooking. Unburned firewood 
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TABLE 4.
 
Fuel Required to Cook Different Rice Varieties, Using Excess Water
 

Type Amount
 
of of Type of Fuel
 
Rice Rice
 

Cooked
 

per Batch Kerosene Natural Gas
 

WW/WR kJ/kg kJ/kJ WCR/WR WW/WR kJ/kg kJ/kJ WW/WR

(kg) Rice 
 Rice
 

0.45 4.6 10140 0.80 3.5 4.6 7518 0.51 3.1
P-I 0.91 3.0 4875 0.33 3.0 3.0 4174 0.28 2.8
 

1.36 3.0 3519 0.24 2.9 -  -

0.45 4.6 6898 
 0.47 2.9 4.6 5605 0.38 2.8
 
P-2 0.91 3.0 3554 0.24 2.7 3.0 
 3079 0.21 3.0
 

1.36 2.5 2470 0.17 3.0 
 - -

0.45 4.0 6492 0.44 
 2.7 4.0 5193 0.35 3.0

P-3 0.91 3.0 3402 0.23 3.2 3.0 287 0.20 2.9
 

1.36 2.5 2538 0.17 2.8 -  - -

0.45 4.0 5579 
 0.38 2.9 4.0 5195 0.35 2.8
 
P-4 0.91 3.0 3245 0.22 3.3 3.0 2942 0.20 3.0
 

1.36 3.0 2504 0.17 
 3.1 - - - 

0.45 3.5 4768 0.32 3.3 3.5 3282 0.22 3.4
 
UP-I 0.91 3.0 2336 
 0.16 3.2 3.0 2192 0.15 3.1
 

1.36 2.5 1760 0.12 2.8 - - - 

0.45 3.5 
 4870 0.33 3.5 3.5 3692 0.25 3.7

UP-2 0.91 3.4 2590 
 0.18 3.5 3.0 2395 0.16 3.1 

1.36 3.0 2199 0.15 3.1 - -

Source: Data are from Islam 1980.
 

Notes: Caloric value of rice 
= 14,800 kJ/kg. P is parboiled rice; UP is 
unparboiled rice. 
 Arabic numbers after P and UP indicate a particular

variety of rice grain size 
ur degree of parboiling. Moisture content of

different varieties were determined as follows: P-I (12.4%), P-2 (17%), P-3
 
(16%), P-4 (17%), UP-1 (16%), UP-2 (12%).
 

WW: Weight of water; WR: Weight df iice; WCR: Weight of cooked rice. kJ/kJ

= 
Heat input for cooking unit weight of rice/Caloric value of unit weight
 
of r.ce.
 

Net heating value of fuels (COB 1976): Kerosene = 46,055 kj/kg, Natural
 = 
gas 993 kJ/standard cubic foot.
 

Water capacities of flat bottom aluminum pans used for rice cooking are:
 
3.2 kg (for cooking 0.45 kg rice), j., kg (for cooking 0.91 kg rice), 7.3
 
kg (for cooking 1.36 kg rice).
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TABLE 5.
 
Fuel (Heat) Required to Cook Different Rice Varieties,
 
Without Using Excess Water
 

Type of Fuel
 

Kerosene Natural Gas
 

Type Amount of
 
of Rice Cooked
 
Rice per Batch WW/WR kJ/kg kJ/kJ WCR/WR WW/WR kJ/kg kJ/kJ WCR/WR
 

(kg) Rice Rice
 

0.45 4.0 10850 0.73 3.3 2.7 6151 0.40 2.8
 

P-i 0.91 2.6 4672 0.32 3.0 2.5 3900 0.26 3.1
 
----1.36 2.4 3452 0.23 3.1 


60b7 0.41 3.3 2.4 4921 0.33 2.9
 

P-2 0.91 2.0 3402 0.23 2.8 2.3 2943 0.20 3.0
 
0.45 2.8 


----1.36 2.0 2198 0.15 2.8 


0.43 2.8 2.4 4784 0.32 3.0
 

P-3 0.91 2.5 3351 0.23 3.0 2.3 2737 0.19 3.0
 
0.45 2.5 6289 


---1.36 2.0 2504 0.17 2.9 

3.1 2.6 4511 0.30 3.0 

P-4 0.91 2.5 3097 0.21 3.1 2.4 2737 0.19 3.1 
0.45 2.6 5073 0.34 


---1.36 2.3 2436 0.17 2.9 

0.45 2.5 3348 0.23 3.2 2.6 3412 0.23 3.2
 

UP-i 0.91 2.3 2234 0.15 3.1 2.5 2875 0.19 3.2
 
--0.14 3.2 - 1.36 2.3 1995 


0.45 3.2 4463 0.3 3.6 3.0 3828 0.26 3.7
 
0.17 3.3 2.2 2258 0.15 2.9
UP-2 0.91 2.6 2539 


--3.1 - 1.36 2.3 2131 0.14 


Source: Data are from Islam 1980.
 

= 

Notes: Caloric value of rice 14,800 kJ/kg. P indicates parboiled rice;
 

UP indicates unparboiled rice. Arabic numbers after P and UP indicate a
 

particular variety of rice grain size or degree of parboiling. Moisture
 

content of different varieties were determined as follows:
 

P-i (12.4%), P-2(17%), P-3(16%), P-4(17%), UP-1(16%), UP-2(12%).
 

WW - Weight of water, WR - Weight of rice, WCR - Weight of cooked rice.
 

kJ/kJ = HeaL input for cooking unit weight of rice/Caloric value of unit
 

weight of rice.
 

Net heating value of fuels (GOB 1976): Kerosene = 46,005 kj/kg, Natural Gas
 

= 993 kJ/standard cubic feet.
 

Water capacities of flat bottom aluminum pans used for rice cooking are:
 

3.2 kg (for cooking 0.45 kg rice), 5.9 kg (for cooking 0.91 kg rice), 7.3
 
kg (for cooking 1.36 kg rice).
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anfd charcoal dIe weighed to est im ate the aIot ut of fuel consumed for 
act ive cooking. 

IlII actual practice, tile unlburned ch',arcoll is allowed to burn to ashes 
af'ter cooking. 1he generated heat ofc Iarcoal and tIle stored heat in the
itiass oftthe stove are Ltilized pal-tially to warmix leftover food after meals, 
to limit fetrmentation, to help light the fies at the start of the next meal,
and to nilillliize tile alloilit of fresh f'liel needed to warm til) tile stove 
for subsequent meal cooking. This burning of'charcoal is like a thermal 
power plant's banking operation durilg its off-peak rtun. It also provides 
space heal ill sonllicarells and seasonIs. 

'lypical laboratory meal-cooking tests should continue over a 2l-/hour
cycle and follow I lie sequence of normal household cooking. 'l'lis,
assumitg a typical "cooking cYcle," (e.g., breakfist: chapati, pulse; lunch: 
r fish :tilrv: diinICIt: l' pulse, vegetable) tle results can he arrangedto estimate f'te1 (co>lstltxiolt<M meals comsumed in a day. Thefor (icellt 
nubter of meals selected should refllect typical meals of'each socioeco-
Iloillic grotup. AIso, tile fuel available at tile time ofthe experinent should 
reflect the seasonal hIehavior of I'uel coinstipt ioll. The llollotillt of Fuel 
consumed l) a fainil;' larget or smalle than an average limily could be 
estimmiated ly cooking a liffrent quimt ity of f'od. 

Steps to Standardize Stove Performance Tests 

Stove reseal chers have fililed to follow any staldar'd et hohology ill
 
laboratory food-cooking tests il, the past. II'tlie ;tixrotiit and type of' 
oods 
cookel by msers are ofilferemt, labtor\' ev;,iJat ions would have only
limited useuhlme:,s,. Recttnlv, i atteimlpt has been lmde to stalndardize
 
tle test ing ol'cookstoves' etficicncy 
 liNroigh developmnent of lProvisioial 
International Standards (IPIS) lot \Water Boiling 'lests, Controlled Cook
ing T<.sts, and Kitchen Petrform.uce 
 lests (VITIIA 1982). The docueIniit 
also ottlies metiodologies 0(lidata gathering, analysis, and slatistical 
evaluiation of test results. 

Some observat ions follow about the 1IS ill comlpjar'isoni to the te:;t 
lpimCedutres.jist deCscribed. lhe I'rovisioni.l International Standard hlasnot suggested aly irocedure, far0select io ofd represeittat lye "iopiles of 
traditional stoves far ierl'rmulce tests. The PIS concept of"high power"
and "low power" water boiling tests is well thought otl to reftlect two 
coit rastiltg 1)ut reprvesentat ive water heating sit uations. I lowever; water
boiling tests should he carried out by silutilatillg all relevant local prac
tices observed dfling cooking. Ior ex:ouple, itlie local cooking practice
allows IinbtmrilI charcoal to bulrn to ashe,; without recovering its heat,
heat comtent of charcoal shouhl lie considered lis cotsumed. 
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(Mi Idauu A he rii se I 

(olI rlletd ckI I,[.,Is vinh uI or I\\. mvals as stuggelted by P ISI(kll Ie 
Ill <v hcl'Ille Io .'lcco lltl hti Ih Ili: 1 ;I Si olve.'d ill a;clt ualino aliII 
cooking. ClsidteriIlg this, ilt theiresemt text coInt rollel (ookiig test has 
been stIIivide(I it io cooiking ttlghitlfe'i' (tiIs I cs , ('(.okilig oht )ical (lilt, 
mlecals (ilsteal ol Ix dlf est IIII i t l oI Ilc Ititila r mealIoth , a;it clld 

cOlItillt l hti ! t pIca I ai l\ cookIiig t Ital boI lng li(l cy lk-;. \ I tstsit 
COHtIoII cookinig tests slliolI b (allie SIVst tes i 9celIt'i'sCd0 IIi)I1C11 CSIaIu 

topIrtelp _eII iftcpro ot tilot- jossihIlt rest sIto .exl:,(teI l Itiolder IIs " 

(IicheIt 10 1)IS.ol'mo~law les eelsith ~ (11 

at IthrI'e-lmolitll mt.e ,als IoFl I e ei 10) ilt ll iosible. Se.si l\'t. olIh 

vaiatioi. II is ;I dHifti lt task il lime exa t 0 il
0wt I ClCtoiCl.,s I(I'rL lg111tI
 
Kli. Sotuimte lssill (1ill iW.hlItIes aleIccIcd as ex IlI , People who ar.
ll'eIs. 
really ii ine.d of ;ll il ll il.ed stow ttl 1111o hv. snlliciinI spatC' to0 
a'COilllill(lael twO) slows (existi g *iild uillor ol ) for ltl ilt'l)O>st's. lhis 

is partictlat Ilv l i case 161- II'SItIt h'ii lt t CS. ()II I Ie T 1)aml;ltlel 
ticullar uise! ilay[ 1101 aIgre t"o I'ielocIe t(e exist Inig stove withIi a mle% one 



370 Rural 'niegi in cleI )e tcloimernt Needs 

without knowing its perfrmInce. whoo'llse lave silfl'icient space mnlay
not have the fth need for an improved stove. '1bo iiifch interfterence wit h
household activiIies lor testiIng lirposes 11ay resut in liscoli ilmnat ion of 
the testing lrogram. 

FIELD TESTING: A PIVOTAL PROGRAM ELEMENT 

Elliet ive diffusion of imroved stoves has beel limited i,'. these ways: 

I.Research, d.evelomient, dlemnostrat ion, and (iffu,,io of'imiproved

stoves not considered seiriot:n.]+
1)'lccisioin ilakcris. 'ht gap Ietween
 
technical p)apers 01l' illarjrnlhumlii iclCe, ias
dai iultnl tat Iol 

concernle'd c)nscielt io1s researchers lot m1i v veYi
years. Witl lim ited
 
irs0u'ies and cal(aliliril illie past, reStichcrs ;tteul)tec I topromote
ilpro\ed stovCs by , tlop-down allproalch. %lii .lisillsto) evltlidt rsers,

reactions were inadequate orthbsli 
alnd ;1r1
l l diil tiiisl ion processes were ill 
orgiili/etd. .As I result, Ilie Iesearih aid (fevefof)liI'llef t (014611liOt
reach the stage of ellet ix dilltisirl tsec ]'lli/et'i h (c clski li983).

2. L.ack of (A'ioiliijrtio t
boiiilklihlcal ililovatiolis. flhe ierfoiiiiiice
 
of )itrlicuilar Irad~iliiidl sltoes oftell is Ie ti iii-l'imtl ,il
a slpccific

loct\ion, biut lie e(sigi 
 li lot is)redl iis, tf lack o i'api.oprialt.
 
w';liiltm ihi ;iif C'iliiiii 
ltit olt.\W0ilelt, li sinl (,llit'rts as l)(iriilal
 
Mtivetisers tll'
t lie ititioial met hod lol-cr)iillicalh ab,uout Slove 
liflusi
i.l.iiiitel ilio itil<tf 'linivli otill lliciurm itpilce of living is 

0ll It'violsftl s
ll ,ow di ltlsiol llililig liiollsiiliijioeo t, ves Ihrough this
 

3. Iaihure lo exttind dfesigiis toiiele,\llusers. SeNs-al lesigns ftor

lombittslin cooking,with imultiuhil 
 p0I iltigs Mid a (fhililulev,.d,art'pr-

Iuiatc Inn otiCi0fICi'Cil ;i iviilic iill
whiCh siMilil SIts h\C*bI)ei used
 
CIscWI r,f(invttL;l'
S(Rizx 10-1). 

Bolicfits I10(1i 51 (,iiijpl-,llil i fo 111ti
ii d also be limited or
 
diverted Im. 115( last'
(lIit due lthaitae nlol iirleti. 
 .For exal e Ilicte
 
II(l(r la11dIIlil dlt sX'ol IlIiV ris 
 I le StI1 Illlllllt 1 iif ,\oo she Isted 
heii' beiCaise seliis iisiurg dIti adilii io;il asili 
halto ileet ;rhereto
fiet sippressel teel. ( )1 Ithe lier haiidl, ill irewoodlise isredue
il he
 
e sil'illielitl iiig thbe fito'serve,d IoiYi ft'giillllitiu Sle(CCilicadllv rclalc to 
Itis factor. l t lanm ris iigtli shift to oilier hliiteiilillv dtiriieit il tls 
suc[ arsexlpandel ;ig'ic illtur( lilet, rilioir.
 

"lit tie littllitlioiis of pre,\ious dillisioln eftlois, stove (lcsigil

overco)ell 


ai(d fuel consllillplioi iexl)eriiilits sld lie ( ,iserbe al ui levcl. Slove 
testing centers in lhocal ares coilil si ihi te, uiSClS' f'utelC liilSliI tirili 
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Stage 5. 10iniited it i'odnctlion of'sloe(s) is Itleiaken in selectled
 
hoIseIlolds. At iIsers, lcvel, IhIch plerlfrtanilice is c\vahIIaI
a at Ihree
lItoIIth intervals fori at l I asal I obser'e Ii llec tl]I of, seasolit]
 
variItion. 

Stage 6. i t'ecessarN, basedo,iv isers' reacltiolI, nIrt hir niodificatioI
 
and testing is nideri aken.
 

Stage 7.Lath stovc design adol)te d by users is i(lcnltiliel kor wider
 
[Ise wit hiti tlie Silivcy ,larca. liI addit iol, lisel oll the backgroniid
 
Survey desti ihed ill Stage 2, ; progr;i to extcll iulcitidfie stoves into
 
ot, l alas oflt, c( lili'v cail ibe cstah)lislcd.
 

Lxltlisilll lgells aind locall tIralied ilsoliliswould be needed to
 
(isscili le icIsit i1 siovs ef'lictIvelI. 
 )issciiI IionI of i'aIss fi.IbricatIed
 
slovcs \wouil(i! rc( iii, I I;aiiliig ()i') otters or incIil cr;ifisllell, bill I lise
 
Stoves couiild bc i ktecl t l'roighi exist Ing chlinliels rcliivcly quickly.
 

"lhc r'searuhi nictlillolog descrilicd here is based oil Ili' iersolal' 
CXlieite ( Islani 1980) aid oil lic i'thliodologics outlined by Steplell)n 
.Spilhli Yoinlniev Si hi liI ( 1980), \W. Sic\art ( 1981 ), and1(I ShIlili laI 
(1982). Biscd oni scicntific knowledge, high p)crforrlaiiiCC sloves cold 
he develo ucd(e I elccirc ;ado t he'rs 1981, 1l as;il 198 1a). lIb iIIiSurI 
acceptalbility suhu sloves wi hli\a'e to he t'\alIIati hocally beginning 
ait Stalge 3. 

ilis tetsil ig j l (-(filovr, -. ti il- s ai iiiltidiscijliliarv eai. Peoplc with 
fiell cXp)criei'( iill assCsslitil ,iiul (liffilsioni of othlerI rural technologies 
sholuld bc included. '. I clivc Itcsclreach liaisoni should bc establishcd with 
lrogrlis 101 assessilig air pollit ion f'oiri bioliiass-bilrling stoves (Smilth

aind others 1983). A countrv ill which 1no )revious stove researchlihas been 
conlucited would iced tlrece to four vears' leal litte to organize and 

prepa'reicscarch Iersonnel It larage-scale developnent, denoiistration,
and lditfhlsio i of'iillrovel stoves. During this )er'iod, initial research and 
developrniiet work shoul be o ganized at ield test centers. Funding 
reqluiiretiients lfor local ainld national Cotiporents of' lie program would 
have to be deterrnined in licetieontrv's instiiuional, nitext; I multi-vea
commniiitiet is obviotislN' essential. 

INSTITUTIONAL INVOLVEMENT 
AND RELATED POLICY ISSUES 

Tile initiatives of Nin (Givern nlrital ()rganizations (NG(s) working 
ill rural areas halve tlleen miily resl)onsible I'mr the status of'stove ic
search iti developing c(untrr ies. III most cascs, stove projects were devel
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Supplying Firewood for Household Energy 

Rick.I. V"n Den Beldt 

INTRODUCTION 

The role oi'wtlod fhtel ill rual households ofthlie tropics, tie difticulh 

with which 1iis soiletiliesnl )tailie(I, Ii(l the often negative envtroninonl
tal ilpacts oftw(oold fell g.thering for rural energy have been heavily 
scrititlni/e ieserch areas recendlv. T.M. Pasca (1981), citiig the FA 
report ofthe' leclitical Panel oill l'tlelwood and Charcoal (1981), states 

that I( miilliotn piersons worldwide cainiot obltaiin siificiemit fritewood to 

pro'ide ti iiiliiiial eiliergy nteeds. Anotlier 1,000 million dwell ill areas 

wil lesser sluiilages, 1figure that isexpected to dloule in () years. By 
the vear 2000, Itl IA() (1982) estimates that there will be as iialV as 
three billion l)rs5lis ;tiet{cttd by filcwood shortages. '1I meet this grow
ing need, Fa) estimates that some 50(11million ha of firewood lplantallolis 
will have to he plaited[l th lllti of tlhe(iceluitV. 

F'irewood gal lc ieiti lias beeti cited las a iaiol calise of(lefOrestaliil ill 

illiall paris oft lie worhl, (lirelltly rtesponsille flo tnviiloilietitlal problemns 
that forest cleariing )rings. Notable exaiples of suich claitis include 
wildesi read soil erosilii in Nepal alid deserti fita ion in t lie more arid 

Atital (NAS 1980). 
Whie acki)wh'dfgiiig t lie sei'iousness lie "oil her energy cr'isis" and 

the dlanger it poscs to tile environeltt in certaiin locations, this chapter 
p)resents a review o lie issues, citing local studies in the tropics in order to 
draw a clearer picture oflie character of tiis crisis. Secondly, the chapter 
will suggest si ategies ta alleviate he )roblel. 

t.s of' .\ 

FIREWOOD CONSUMPTION ISSUES 

)eepet analyses of local t tielwood problenms increasingly poinit to 

inconsistencies and defticiencies in tihe "crisis" hypothesis just outlined. 
First, Sources of firewood besides firests, and their capacity to meet 
amnual fuel needs, have ilot been investigated su fticiently. Second, other 
detriiental land tses are iglnorcd even where they cott ribute substan
tiallv to environientetal prol lenis. "lird, subsistence firewood use isoften 
no0t (list illgllishi,,d fti'l) indlitlsial firewood use. linially, lie "crisis" point 
of view (doesnot take itito accoult use of' v'egetati'e fuels ini households 
andli(lte households' \Villitigltess to switch to valtlois tomln)itnatiOts of" 

3,81 
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at\'ai I;Ihc \',gctI feIVIs WIICII firewood is scalice. hIis lIter polliIt is 
discussed f)r ciscs ill iilgladcsh ((hapter2), Ithlelhilipil es ((:lli ,ier

.1), and Inldil (Chalters 6t!i I ) aid will no he dtalt with ext.iilv 
hiere. 

Rural Firewood Sources 

tilcs Ialc
Site llcc areas poplrlyl,' viewcd as thc major I it.lwood 
solute, Iirewood snlll pi!~ljcttiots geilcrllyar bi.iasti ()Il (lefolesiion 
rates. Elia;ihcti (;c(cski and olicls ( 198)). lI'm-cXa8l!hc,'(ite a tiitai
 
growing stio k ifliocsts ii1hech ll 
 n lntri.s ii ;li>oiit 20ff iillion in-,
vith an ainnal illclrcm (d Ibillti Ill'. \t pilcm-ci rits ()I(xpliltliot


(nfat l types), I ll\ )r(oitct Ihal ial-N st will mtxccdl gi mlhI\ ia l
fa llooftwo il20)vcin". lliis, thiey concin'ld., w+ill hlavc sc.rio,iml:, I (t<>Ithe
 
,iavtilillit V iIj m hem im ilc I
c ,ilill local sitt i uis. ), ailsotaking the lo t 
l)C'Sl)CCt uic, has ,t iliatecl thiat I i wo.. otlago.'s will total uapproxi
utttIv I hillion in'hv 2112000.
 

at loital l( si 
 t.i×C tscd lo (I ,illiate 

fil.woidil. \It hitl mli(Itf xx l(ise+t tl 1 w 


E a\il lire . (A5c* lt'csi\s of 
bc) ,llic;lhc whc c gt! llclinlg
 

[0oll lorcsts ild s;t\aillil;lfts is t li ll uajo lslrtce ofltli.ist l il ire,cwoi
c l 
(I lwiair( )ick 1980f). tiey o(1tnt itlt.ii; tit.(St;l I taiIf iarctm retourcesti 

acttutal ;sililahlc to Itti l fiaiilics. Ni 
ic .tli.hsl t .Omlm-cs Jia 
jsiividie mtost fiueswmoi iseif fw Iilla! penole flc' 5ll5i5(lt(,51( as

holiclot trees, SC(iittlIcI st;,Iljls 
 gowtfi,

ile like. In )al-is (dSontlitstl 'Asia, twigs, ';a birinchics, lIni 


of csidalil tr('sts, Iil ia l l atild 
(llllcd trc' 

Iroi hlIllc g rdei Its lie rtit ici,il fltsti") ir g1 t .lttetd hillic hias ls
(l)ick h1S1). Iliti ieliic 'to i o it Irtliset s i(e (n I(all iciito lliletiliigconlions~<)l in laningl tilit Iivc'womflliplplics (.I..M.Arnol~ild andl 

.II I(Jlksj lli;l 1978).

Allh houg1h aniiillal l-rodutiolin iic."' 
 ollrli(esa;lillld hillic]lolsarlc(
 

'yIil(llr i'irli'lst, h leites( caliet it iiiifi.llet, is it llc tas so hltree 
hill lgesill trl le ili Jlava wite isideltlis wet' l6lilid
 

Iit is tircwo il Ia ilislt'ilie hnisic (see Othic I). 
 rlt sut.t(ilte(I for 
It55 tfllail 3p itof I irt11lijwodtlsed. IhiellhgceSt Silit WCt hlii
1it Itiith l't1 1(5'fields. \ h I 


ian (1 979i), a' ll i isa i,hn(iiili that 35 phll mttof oo
 

tlll(fl vili -thirir id. I leliatil I Iuia'ti
oIi 


atllieredas l+iiiiselcl fuicl (alili fotil dcad I.es (1d Ifallien hl'ilhes.
 
rli l l itaiti's ail Ii, n
iiaiie lp Ji l i t.(Iiil 

Iliijti(s. \Vh1lct eIlte doc ist, Ill of it'll ideixi(' alti tollI lit li"hi t rill 
11ild tilsic. JtIlit's l)oiigl ( 19821 l in (lilt t hat riniral poplc it Bnllgli l
(deslh llil slwer gti, ig.l .ltr(,;ilintg I1(i'n 511(11 it ,I,/,'( al in 



TABLE 1. 
Annual Production of Firewood per Rural Household in 
Villages o the Upper Solc Watershed, Java, Incionf.sia ktons) 

Sam i: Wiroko H. Solo Average 

Home compounds 0.63 u.75 U.0 0.73 

Dry Fields 1.00 0.82 0.3b 0.73 

Other (wet 
'oadsides 

ric, 
and 

fivlds, 
iorests) 0.09 0.01 U.05 0.05 

Adapted irom Dick (19b0), on Wicrsum. 

h)ilots so) they call priiic bl-aliclics 161. sale. IlIIlIard tielits, the rights 

I()]ll'ltltrecsl ilt S0l(I t w tIhiIcrIticighIoIsIbefirciore i;II; Ile 
(llllll1i0d(itics like li\cslO(k or iLnd airc liquilatCd (Nuril Islam, pets. 
c mlin, 19)82) 

Causes of Deforestation 

I I]()\\' diltI ilitsd tIl )t' lisI ( ()I,I"',I( yI 111)});1'lI Ii 6t S I itli olsrcst-badi 

IIlt loml, \lt tIII I I lsl t.loienl )O ' Itlblv ti I tll tIic I ;I II iliila (e 
Il\ .; I I I swc I,,\' I t) cXIl I I (Iltcs io I I (Im..t Im Ill ; I S I InI ) Ic I..I C VtIT((Mit IlIi 

tii\l 

'I"ll/,ttli,. OlcSahcl.;ttl~l.j;I\;t, hl ]cmhthl tlilvk tm tllI)VIMis

c(]lsch'tfit Indf lists in lti(1 se\tlt w 5 'iilV sutich as Nepal, 

lt<m id 

h~ttl ~ritlit'nt'~l~'lI I I (a ~ sts bI)hlr hI'" mll tlixilmillill ls, thatl arc. 

lul1le cst itl1l ton) Ijllew li ]lll\t'sI 11g. ( ;tlj/ing wit hh l:eSl coxl (ll i 

tal;nlI~rglcflint liects Wlt~il jul Iii\:5l~Ilt SeIt ll(I igit'tl
fimtlrcld, lc t~ "hggiiill m(-)ll'I"s tic;r ;Ihcw n()t;1hh' 

cN;I II )lICs. tff C~adII dr1 I Iii IinIlI(hdlr peor IwitdIi Nclpa I, c, [\\'.( )1 d* ; 

;ic l(d \(;ill\ it,) Iu dt I\!9,8I )...A tcdli\c-st()(k (lrilihnai Kumatlr I) csilill 
7 millim iotasd illtis hld],cir;rc Imll ahc Jame~its IBiwhALT 

19 83). 

Industrial Use versus Subsistence Use 

l.OI-csts III a I''l ar t'lhcilng m illed t01. firc\\oml. A M1 it re,t'l l't"c 

(ir mo~l~ rihes at giI-CIlm I (WV.Partk and ()Iht'ls 1982) dcl, highly 

Mill)SISlicIt 

(ily ill .M;migUI, Ni jirjigui, wit h Iircw lo(m li LIas Mladeras 
ni/t (I iiblkc(ing s\slcli -clctilv l1) ist thall Sj)l)liCS it 

101th CillX 

f0rcst..Ai\md ;1I1ji glia (197S) stale thal hitiliatil il llbaii ai hica\ilv 
]li)lllatedlil-itas ltlsc tv I'u IIcc foltes ('iVUr'Is illtle (;;llgt i Plaiin 



IsiI t s lil 1is1for 
'islltl -il ligl i I tmc ii fiic'wt illl.; a li''ll' I ,ti i uri' ll ill(iis

(csilt' ll iit l t mv I , ii kii igI Pail I iit Ii I .1 lt). 
lili 

I ilt it'i i Jti ihll t'rt lt tilit i' ll[itr l i tiatn il ltIll ll i ill,' lind pl m 
s Il . l 1 1's ii .IA. k ii h)i is tillI. iSg. s I)i l I Im s it i ltt t t"(ci t'iiii ()I tiill 

ir'titcIll t si i, I tt'iitililll, l Ill c,i tilli' ti t i I lilt i t i lti)t'
CO<)IIIIfil l~thIlit's . . . thati (l t'cllt" Ilt \ illai~t'tsI ill, (p rllIIIIil\ 1(, t'Xphlil 
1t()[t(.;Is I1 ( lltlic llatc ilt llii .. .At ( i f ing, i j D i( k, lilt',Im c s' %l illaigcs (ll()tlh 
C''iC01 l0lii(ailk ailid ill It'r-iil, (d tocs' (m€ ct I a I hcl I iitsIm tlh i Ile 
1,()Ir .Sl IIt .ltirtw(mll(l bc( alit IIItIw tt mlt i i ill( c'ili\k e. 

I )lit'd it';i's A sIaii i 
p rti il dii l l bIt r miiil l hii l ls llls is i I)'t lii I -iiitl h, .s, 

il t'. is<c<l l i iiisllt'lit' i iillt 1 a1itlh. iii lil 

iis tii t';illid l .Iri( liltiiiril It',idlic' Illi Ihis; pl adoil~ xi( all siltili l im l. nl ill il,- l
ci 'Il ' nn S I Illp ) i II lalmi itl I ig fI()g IIs p I (d), tll\ %\mt I i lI t(dl I iitwI(.% ~IaI I 
rt'sttlli ill II )(l I ll a~lll~ili clh~w m~d Il it'ilst' ill I i<c ll i itlicIfs ticad, Ihlt, 
%m+(nd I pli)blallhk bct dd (l ilarkcl ;i 1 I ic rt')1 lcpt ' m 1< I it I i(- m-llit( ,( ~ l 

,marllktcIia leit im ili i ictt'. ii I aslp i li g11 Ilih is dI''<lil t'alm ;1. ildc (.lill 
.Sikkii wlic'rc rt'si(kt~ils gnllw I imwi ,i ]( fiit lilt kik' allld t)(I Im ii m t1li<t , 

pl()t I w I(Im Iilp+Iilt '~lit, I at 1983< i Iw,'l Vl<a+,mi Pai ih + 

(]lt':irh, ()if(. lillm l dlq ~tisl lt' sItlhsllisil~i( tl, i il ili l,,l v iali aii 
iiii' i Sv iii I c l lit i i i I ),, \%IIcii I'utl gesI ilig I i titt') Ii t S lIIst' (dl Iili.(ilist' i'iil nI\ l~ dit'tIt Xii lt sl it lii.iIshI I> siii' iiitt'...\ II l ilia II ( il cl lI 
dl'ifliig (lbic( lIn c', ~l ii h liol p] (lgrilili,.( )l it'' c't.c'hoicc's(It I iftxc lm<nI 

()I ll~c smlis m~itl l\] c ll ii~h litb itll lI)IIil c:<,sol mig~ht lalild (ill ili/it, 
Slptc t.ic I( lahnt. ail ( Imlit I. (d1 Illalla"l illl clil i qlicts. 

Other Uses oif Woodarnd Trees 

Itlc' is h\x I1() Ilic'lls Iht lt(d [I1"c. ()I w',(n)(I ill Il itstchl hls (di I ' rci-ll'it] 
li~llicN. l''l tc i,, i LI~ig (It'liilail Iml %%(md~ ilild wlh .I. l1( '.l lilliitls fort 
lim) iilig, cml.,ist r i l ioll Il Ill iilil .iiltl its ailid hlm lst'hold< illc'ilsil,;, lldl 
tcollalg(c i ii csli, sli 1i as,(il ini.....\ ll()li ll I licrc is, ltld t rilltcil mt1tIhis 
hlli i l l tii,, (dt x,, ( I --- its aillililal ( m ilslllim pliolll, it' i ml~t (c. III lIl ;if(a ilil\ 
< ,(mItlrtt, 1( l ppk \(,i;if kx+'i i m ii llills -- it liii~dl cdit.Ih i,, aisi ilit it alll 
cm(ilil)lii'lil (dt limlisc.holh \m m(! [isc, ill lIlhc -Impi(- ,. lil m ii al l lim il. 
,ardil+lls, ,i Ililaiml c(ll(t(11 1 iltcw<>mm , aitc alm)~ hcai\ ilk tll ili/cd,( I i fli ct.l(, 
a n (di b a ml l bl ( m)]pr n i i l i< i i ( \ i A ml i , ii ,, 1 9 7 3 i, l i t B l l alls ( , s u c h'lgli dltc~ls ll . 
pl ik i g s a r c(c air tct i il ,k d cts i g ti w, d b \ r u tr al 1tIlk ti m l l - r I l l li i cli<>n ()I 
tl t s a n d(I lll lliX It s sc r plr l -mim s a s w ell as I i r i't md~~( l) mi l as 1 9 8 2 1. Fl ih t s t , 

c'lil;itllis ig~4ht Sllggcitl hatIli i nfl)l~(I l) gralllli wmlld butlltcr iilt't-I lhic 
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IICCdS ()h he I)COI)IC 11' 11 ;dSo Int. luded assill-aliccs ()I,;[ steady slipply of"I aw 
I I I; I I cri. IIs fill. m Iict. I Im Ise Im Id IIse s. 

HOUSEHOLD FUELWOOD PROGRAMS 

simplisticalk, the fll()Sl I() I "ImI.I;Igcs is 1() 
plant IIImc (flicil, slait'llicills ing Ihe urgency of'I Ill's 
iaskaiv rat lict ambil Hills. F(Imial (I S;mIlilla (1981) states that (licalliount 
()f III(mov 'Ind hild Irca (Ick-galed I( )I. filvwm)d pl-millcliml must increase 
fikchdd b\ 2000 If fli-cw(iml dcm;m(Is;:I.c 1() be IlIct. Cccllskland whers 
(1980). cilill.ty Kcilll ()pcII'II;I\\' st;lIt. thal 1.3 billion Ila (d land IIIIISI be 
IdAllIC(I 1() 13 I)IIII()Il lll'()f III-CW OM I. 

Im-alk, "(dillimi" w Ill"liff it,Will SlIpplics(d (dicliare 
\Icwcd Ill Ici Illsid (hc IIIIIIIhcI.()f I() be I)Iillltc(l;lll(l (4) 
Iml adc(plItIck ( (m.sldcl IlIctilmls. Asa rc'mll' Illilln pn)jects have not 

lit-d (licH g();Ils Wm)d jild ()IIIcI 1'erhaps the greatest 
mlsldcr lllml I"ill(. limilic (d phliting I() bc IllIpIcilicillud: t1b](Itlilmis 

"III;III ImIlIckw" I();IdsIdc m hund I)IIIIIIIIIgs, 111(cl-Inc(liatc-scalc S(altered 
\ illagc m c phlit'lliml c"lahli"ImIcIll" ()It land desig
11111cd tx( 111sl\ck fill 111 cw(m)(I pl-mllit, IIMI. 

.\11W llcl (misidelmiml I"i hc appmpl mic Illandgwillcill mlx H)IIIIIi/c 
IIIIII-k-cmig m Ill Its(. (d I ill mIlli, is. SlIch a till\ ( ()111(1 IlIckidt. Safe 
m. [Isc ()I I b\ 111,11\ I(Illal ille establishment 
c()(y1urm kcs As mat kcillig st 1-11(1lit c", ()y (mll I'(d (d I s;lIcs fol. 
lit ()111 h\ Indlist n m go\tli IIIIICIII W Ilh I-csidclit" Isslillillig illc ride ()I 
11It -\N.( to )d I ;I I I I ler, ( it LI I it it cI 

11 it ( I Am I I I( ) lcs ' I I it I to )I I It I I I )I I"k Ict ;11 H m I is I lic select R )I I ( )I sl )ccics 

j.ld slk I(Ilh Ill Ill 111cl lmd"' pci haps Ili(- mo,,( mci I(wkcd (mist i;iljil Ill 
Ic( (.111 lilcl .11Illc. I)cspilc illc t mlillmn ( laillis III;I1 *,I(.(-Iilll(lll(.s (d CsIab

%mmllw"al c %\,(.I]kiio\%,ii*' ( l6viii0ii(I Notmilm 1981 )and "simpic" 
\!;I[ I I It,%% ( ;;Il ll"cl I 9s( ) I. Ill I I lit I I f I l(b ,I ill tis ( )f I I Ic I i w rat I I I.t. alu ; CXpcrI_ 

cf to c i Ii I lit, I W k I I" ( IcI I( Icl I I . 1 )111.11( 1 Ila I 1\ Ill I I to. ;I I-ca ( )I species select it III..I Ills ';Id sit Imilmi isc\ ](I(.Ill NvIlcli (Im. \ IsIt" III.cw(w(! plantings alid 
()bScI.\c'; t'i it""(.1.1 m s lit bwll 'pc( it's 'w1c( wm 'llid ill SlIvIclill III-Ill 
p act R 

( :it 1 (.1 if I c( )I I"'i( Icral H ill I )I I lic'sc I it )iilt ;111 IV S11 It I n I I Ic N IcIll I I W ill .( Ill 

"f Ill it NI I Icst able al I( I N walk cri I Ul I flc go );d" bc I( )I c I ill I dcluell I at H III. ( )I' 

(()tl Isc, Ilic pc()pIc Illv(d ed \%.()Il Id Ilil\ c I () lig Ice mi goals m' cmll ribute 
to Ilicl I* Ilmd I I K al IMI. 

http:cilill.ty


bidentifying Demand, Source, and Production Strategy 

A fI rst slep ill (kvCN-Ilpilg i program ho il-ssilr-ing firewood supp~llies to 
households Is to dctcrilliuc Iniket (lviialics11(1( firewood soturces. I if Ihe 
palst, denl;tIl Ilas uisoal Ien eXpressedl;I terms of per calpital (oollpI
lot lot- givell gehog(i pliitil regioll. Dl)(~~ii. IcIl his prac have(1 

beeti tiotei bv Deaniii~ I omovai (198 1) I( 11(1 1 lsot-sast r ( 1980f), who 
1 )rovido. lists of itipotl est mate11;1(s ioln fi Ncpal andl~of I ivcwooll cmisiit 

jalv1l, 1eslie(tIi\vel. A s,Iow~o ]if (fwh p e 3c Ldul 2), csi Imat(5 .Oliancilsc 

Cood~it fils.. iI fiIityv (,I I i(IXlwdl iikt' il for(IImest S, .111(1 experimet-lal 
teo.hIIqueIt~s. Hi'el ltfuo, p(.1 ((apita1 if ~( ()o(I c(OIIpiIii~toll fI giittcs III;a\ not 

be liseful, p[itI(R-((IN.v ift OwN' (( (.1A xc(tIi~i\( d(('.( or a (11lCslitNv of 
Ifl, ic~.Is. WithI fewv except o0IiS, ((los "I lia, 1~u~oh Ini iuil hlouse-
IioIldsa ~ll(lc(l projcts Ihtl (h0 If(t IicI(I Ifo. IIidt Inl abouI re0Fors
tatl ion orf I iit'l (0(1 priodi if(II(i Stialtcgi(1. 

More If (Atl tethw(IIII(Iitse xist ;im I (I (f,,i !,,,vd (IS(cvf (it i this hook. 
AIIuIt.~g Iliest IsIli' st t:\ ill (l~lipter 3 4)1i Itt'.iges ( I pcw t'Iit of all 
villalges) Ill West Ja1';a. :\Alii Is,, o (t)lf 2:1 Xildgcs fi Nil)bigtrii 
Vi. loll, I);iigh~do.sfi (set. (lap 2). which f(icl ,hli-riagcs andI;liit assesses 
sugge-stls jitogiaulis toill ichit'Irict. sot !;i(iig(.5 (set' As( ( Alapitt.I I) 

bli fuIisll(it(l hN FA( ) ( 1983): sp~cciIll' ( haiptt'is by Russel 
delc11fit ;111( WI)B. \NI~~ll all(~Ii :Auifexes I (dc( hid;), I I (:\i(ohi), muh Ill 
(( )pl o saw ). 

filalmial. pIeisoii, anid ItutU1 (.()istrlilts. ,IHills atd(tlled alialvsis of, 
it'gioialt rutail I irt'woodh Iuiirkt't (I-dviiis iii.- tot lie fI anciaill\ feasible. 

dlo produl(c\ ialid 11lorutIi oui. fir-st Is the stI'Iictirti saul l IWpoaich 

Ft is0II;Ilde t'sI ii'.ats oI jpiiwe st ((litt 111s, of cuuiploviiieiiot (f Iturull people 

its litt-cwootl II'\ stt'ts, and(50((((ts (i woodl for si' Iltoiii liliteitw 
of tidi((t ;ihig ;I !),--kill stIetch o Jii(al Jitva.(Ila lIighiwav inl We-st 

i'l sti((l iij()I(ili I" to (it m Il ithcisise re(sea;1rch1 programl ill 
()fit are(ai, lising idfigs to predictI tI iiis Inl siiiilr arteas. Ihlese offell 

resolts genecrally cml he adalped lor utse tlst'-wliere, tvenl Ihligh t lie test 

titivc t' ilt.tvc Sihotcii prto\iIt' thc basis for types (if ietsl toshiskc Ikell 
hroadel.srSiII.'.. 

Tlhe t hliri optionh Is lo senld into thie 10( h(I t'dittallo~ ptoplexpI-Iclicedt 

http:hroadel.sr
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comlpetent II illaeas 1s(h as forestry, agric titnre, ec(nomics, and social 
scietIice for; view." Park ildothers (0 982) made I two-weekI "bird'seve 
s.rl'(eV of t he supply of Iiewoo to Managua. N icaragua troun the las 
Maderas forest area lsing a teall of e.Xperie.nced f0r(eslters ;iiil lo
mists. Sch re-scarch usualky saves Illuch t but results (lepel( directly 
on the overall Ii lpel( Ic oft he Ieai. 

I lowe\cr tlie )rogrili collect ]ion olsociocoiolmiic (elais madl,' the 
following illfNrnat ion is coiisi erlcd ilnPOI I~ita : 

I .TehilTie ( t u/i'ru,l, il' h/ fulrfy, hw i it mi:,.A,'d a'it/ /lher I/tuft, 
al it/.d i, u,. Wo duis tusu;tll iklv. e I all' vegetative fucls used 
by househohildIs. In birumatioi a hut how a homsehold lIales firewood 
resources (houseluhol use \rsus sale in the market plice) shotld give a 
basis fra llrdictilig lw incrte;sed Supply of flirewod from plantingso inl 
would be ltili/ed. :\s noted, in Java, increased firewnod suplply somnetime_'s 
is viewed as a silce of incom e and not lfot- lhllt. '-se. 

2. I.lnd (rlltrllotr l /)itr/ii't11 ( I i]r' ',. 'rn. Iilelil ifiiat ion of landllord
tcllali customls rtgaidinig (liisioi (of harvest anl land tis mid t her 
IraditonIal rcaitiii idiips I hal uuiav all[c prof ihabilitv ofI lItl eliterPrise 
frItoi Ilelirm_'s lplilit fI vit'w ale ustful. It is ofteii wfilhitluie t(o 
texaliille' what is ireilt by "'()miiuallaids.." ( )It'n such hinrl will be 
designated l< it Il licularu use like graing anl te ()ftt reoI planting
will cautse local/'t IccimlIci. AS', ( ;ailltse.<+ ( 1980Be) note(_s, co)numnmal lands are 

iiteii uthe tltitirtilrf xt';allllil mire lp)w;rl ill indli'irtuils who 
enii, a Ilisprniilinotllt sialc( obeief its Irrti lielmind. Ill such cases, 
choice oflcu()Illtillind ilrt I ir'wou<i<l lf-I.iiing would 11(1le al)lropriate. 

3. Abllrk/ ri/i/trlrtiii/if't/11'71'ro d /nurf/ltt'd101I II/I/i(ll t+ s. I lilt imil suctcess of, 

fircw'ool pricits I i ll)cl matkctalilitv. .\s necessary, marketsi dpno 
(-ali lie st reng liitutl ;Il apni(opri;it(,l deniand-sirte strlatcy such as 
deelome'nt' u t oif rural iuldustrics ind 'stlal)lishing ilirlor(.I tralnsiport links 
t(o e (entel'sI '1'!it1il. 

emlr .•I. l.hi r//tlTlet dit (I r t ft/ /ir'rruf/ufO n-tdlitnll Womintir have a 
l-rii ay role in fieirfod pilc linu (s.-Jac(licnlel Ki-/erho 19I81 
Marilyn I hrskins 1979). Rurll pi'oplle lust Ie ((iim\licel thal estlablishing 
anl Il1ailllilliig planliligs arc atw%iser use (oftme Ihalr gll ering lite
wiool froail (istaoit so)rces, ()1 sit(( ss Is nol like'lv. Moteuover, this interest 
itsl be tu~iiat iniu l t I1111 trvesl, s(llotillies as its Iwo 1ohe, First hIu 
itn ve'.s. 

Mixing Government and Community Goals 
Pail iciat )l', ta ffe ttell ld Iv ic\ le nlleit pr)gr;ns isi n 

gellyrlkl accepterd as esseltial (lurilg )lailiiugan( itlipleite ion 
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sta-ges of'ral programs. Matiy Irojeets iII tile past have fliled without 
totlnsietion ohfthlsc iiuIIall ;ispects. In 'laizallia, for eXalnpie, the 
cotmplex landl ttillte S\StetII was iot Itlldterstood; neit lhtr were lie 
varying and olteti co t taiclotno)' colcclmlttioS oft he iisitlllssof finest 
plintatios (Norolia 1981 ). A World Batnk project it Nigel was dooimed 
becaise village woolots \WCt sct Illi) Illil Il Il O)le tid prilliarily
for grazing. 

ihils Veli tl ogli governitielits IlIa view d lidlilg Iit-olod suilplies 
wit h atlrmti.i tlk iIIOC HItC , Imttitig ;tg'i(lt uralOIri Ia lie C ellt wit II lci 
productio, hlleqiiitable land ttlitte, aind ohletr in iute Iitcal I lblelris. 
A prt,cct ha1t is insenisitive to lotill litimtiail tIts tiial exacerbatt local 
prolems instead 01 allcviat ilig Ilii. Flit piojcct is thel viewed as a 
tIIreat rat bert iI ;asOlutioI.
 

011 thc tlhcrlhlnd, pliiilnig uouniia teil al perspectivc, incltulitga
 
aiintiagemniit pl that takes ito a~tctut le scope and diversity ofthle
 

liroillII, is an csslihal IIcnit to IlIStIccess. Increasedof Fe, ple's
r):,I 

articli tila goiil Of
l,ailltloligh i1111rtalilt, is I ot the Iiritlira Ihousehold 

firewood ploject --increased lire''w(,,d sUpply is. Rural people probably 
don't coiiuplctclv ItnlicSinld the aetiClits to +IgrictitrefromI1 tite<64Sttl

' tu:t iiin illa\ areas they are pro'mbl ti,t aware odtie econottiic hlneits 
possible fri fl,-wood litiii1:g. Silnilarlv, ihey probably lack lmanV 
lnccessarv techltiicil skills suclh as harvesti'ig, litIrserv ietlih(ds, antid 
s);cihg,layout ttil liattt of lih tliiItl S. All toiii oltetI, h.il t'e ofiiatIe)dII I 

"cOItI]IitIl" Orest I\ planthIttgs is du ti ore to lack Oiuniderstatding and 
COttiitIIitil on the part of the rural filk tIminltain the plantings than 
to lie fililure ofpl pleople's best it"rest illtiincrs to cotsider tlit the l'ace 

thlie natiili's as iawhole. lhe success of Korea's program bit cxamllihle 
wsits Inu11ch (ile to IMss;igc of new Igt hiietling Of eillrcelaws atd st rel 
ielnlt ctalibilities in the tarlr phase oft lie l)togtaltl as to itmproved 
XticsiI,nI nld ilicrasc;iSe "dcItocri ic" pilotesses of v'ill Ige)irticI pattIoI 
(,Atiihli I 1982). 

A go0d cxitile oIltlsuccessful Ittix IleCiplt's liitilialiuii intlloll 
down" phtitling is Iiidonesia's lettUii lerlhiitani. As tiitch its possible, 
PeriittatI' xhiision cIllrls stiiirt t hepir rgltis ;inl aeiiae tI) 

kt~'tuinig tt'lrlris' litefir itt \\ut he IIt' ci('s,lkabl~ilili Jitvii uiig heir 
(;al/iadm.ca/uv.luts ie bcc ragc iniv]vt' local IcsideltIs bN'showing 
thilie how to Oiwn hives while protecting a walcslited tefoest:%keep ihcii ' 
Ilolltiart;. Residetis tmuaketill olRp 3,(t(t() (1',S ) pti-ioitli ii ad:oiitil 

COiiI' li v\sel hlighIn tt'\' I i~tliic ioltli lid iesia iliiii (1)11 noini 
1981\was L'S S52 ollcr aleas, local people il'tttlilo)'ed aspcr yCii),Illi atc 

forest guards anid are paid iti kiml foir their services by being allowed to 



platit crops hetwcen rows ofttrees for 1the lirst Car. Seeds anld ferti lizers 
are provided on low rdeit terdtis. So liithlusiasitc was tihe response ill 
Itirwakairta Ihat Ilerutiani ,'itpIoyees were hucc d to allow oN,(0.25 fhli 
per tirnierand anm hiti. .25 ha fir outh ;ule-hodied male il2l his
 
loUseholI (.I. So.he litro, iers. coml., 1982).
 

lhhejou Il tIle IlatIIIIr is First to (isx)\'cr ay',s of making Ii is goals 
acceptatble t I lie c ImlIi i region, or nation. If I Ihis Itask )rl\'es imlpos
sibhe, the plannri must Ic ;Itl)le to reassess his goals in (erms tofthe stated 
nee(Is of rural IfoIk. Projctt Itanagices,ven tI iiIIleImntat ion starts, 
ioust Ibe Ilexible eliouglh to account foi and ilcoiliorptelc statel (Olllllltl

litv goals in diflertvet tcgios, especially iftt te project (o'rs i large area. 
[ii herilloie. tlie pla' iller Ilmust be ready to ircsl)ont promptly to 

,l5 for exaimple, 

sees O.A to M.2 ha pIlant iigs o(clonally propagated C f/ 

ili o\'atiou and iniativcs ofrurtal pcople. Ilhailadm. one 
mmiuna jung uh.liafla 

IIrioughout I itcent ral plaili. lhese mushrooming plantings are spoil
t;liois etfbits hv sm;ll ltldowiiles to capititli/e oh illt' high value of 
firewood to cha coatl anid pIioticry iiianiufilclillers. Foir tie most part they 

were installed wit lo assislaice [Front goveirnment agencies. As the )rice 

of Itilw'omn rises in the tropical world, instances olt hese "spmitaticous'" 
fuelwood plantings will undoLtibltedl increase. 

The peoplc of-lIyotoerto, a villagC ili East Java, also lplanited firewood 
trees with little outside assistance. NotingI hat crop yields were declining 
over t ic, the farmers approached l brestr' officials ot advice. Perun 
Peruittani gave [armers seeds of ('-'I/ia)(,' (ca/otlhrs.m., a fast-growing, low
stat tire leguminous tire. By 1978, over 100 ha of unixed calliandra 
plantings were established by local people in plots ranging fro( 0.25 to 
41.5 ha ii sie. lutclwoo Imi tile plantings supplies households and 
local firewood-based indust ries. I tiquestionably, the high demand for 
Firewood and tlie attrali\C price the Iroduct brings played ;I major role 
in the villagers' eflrts (I1.1 I larivanoand B.\l. lhirtiita 1982). 

SPECIES SELECTION, SILVICULTURAL 
TECHNIQUES, AND EXPERIMENTATION 

Alihouigh much isbeing larned about t lie socio ,(colot1icWarameters 
of, 'lelwood use and dist ribution il tIhe rural tropics, the technology of' 
Iltelwood ploLhiuut ion is def iciit iti many respetts. lraditional f'oresters 
otel have selected sp cit's ;Ild silvicutlh uirtl icl'Iitites commotnly used 
in reforestatioti and indtstrial plantation p)rgrains. "lhis practice has 
ilihiiteb l ;iximitatiou of firewood prouItic! ion. \ few oftheimore 
imo)rtan.t c sti lirewood plainting devcloped through research at)tof 
tle I'niversitv of I lawaiiand verified ini c(illa)orative trials in tropical 
count ries of Asia ate p resentel next. 
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Environmental Assessment 

(Collecti()ilof)ad(It t crcmtl\ir()illilitll;1I (I;it;I l itstc(', Ssof,iscruc(iall t()I}( 


fircwooid J)lillitiiti(lis, itsI ve,le ()Flti ItIle mv litl l)absis liw s ticj('i()l
 
of spl(ies ali( sil\'i(ijt iII-l tIlic \lalllV species. espcCi;ill orh .s. It il 
)llcizcs hittiiwt()(d si ttis, lil\ ritilhlstrict (ju il il 1ii0l 11.e
 

16t oftecl, Sl(.(ioft, iis ittlIt ;lit(eiltr rHta'(Ie1l ,V()IIhiI(,Ileswh.I
 

l ll ;I 11e111i 
.s Is 

et. llIll _icy'at()[ Ih iv Hies (,ss ttil\ldi )illIill 1;e ( lt1iii1 sie ilt 

sea nch ifii()L i(ila. (Hiiptisi Ilis Iti II/i,Ihel, I()S;II\',Ie
ati(I weist Ili 

()MItll,Ilitic(h ()Il I t'- I\Npes ()I(Ilila lhstcd( bc(:()w ;irc"ll()l ;lihlcil';I\ ()I. ;Irec
 
Iiiiiiie( ml hct' ..Nct\ c'rihc'hcss, it w ill 
I;l\ t lit'inl;iiiigcr It)]inlk(c ;Ili l 'fio l1 () 
sc. I-c IhItiMl Iur INCMt ' Ir (1;,111 :1-C lSiH(k~ila',l.I)Is II I 0II IICIIIII I CXiSt fifr rIlr ],Id 

Onv
11Mn , (.:( l es, stoll(' ()F itgo)ing back .50(%ctiI-,. ()r- inoi)rc. I[11Banlladsi~s , 

t()r exilllple, illaiiv \weat hl stat ilons tikiig i;tiii fAl, itclliellt lIlt , ,a1ndh 
othiir (lit;i hel\t Iti(ls Ilriil t lie Il)t idithlttwit til'ce i. 

II is illil-)ll11 t 11;11 ( ()I]{(( Idh JIII: 11A(1;1l;t ltl ;I(tI fItI III('.Ill'IillIllIs
 

(ifl I wilh itlil i nt\V, illti( a(tt kits ,atec liiitirc tiscf il ttIIul intsl iitllillgLibe~ls Ilke""litld",)it"litreit."still.,S,llc( )It I cml 1h0)ll hc lilt(r('c(lc'sir;l)]<, 
Ilelli'll pialilicteis ;iec listeil lltw\. 

Rainfall and Rainfall Seasonality..,\1thest, litest,shml liect Ikell Irn
 
hlie ile;arsl raii giilge llitshttild r.eir.eselil st\teral \cals. Reaist(l clll\.
 

II(,WcV\,I, rlaill ;Ilige's ale hti(llctl ;11CXl)elililtal lSl;lll i;(I (Illi fittii
 
hiln sholiltl Ibc testeI 
 tiilh wit h clulilltt)tlitle llill. M()Ic Illi'ttti(lll,
 

it is llr(ihtil ls stiffitilt il III(Il'st ililite is(ih\'t r ialiti
cases to ll illills
prereU (Ihby ccill I', l I I.(.; IIIls.I IIlacd( f . b Ir S IlI k. sepa)l.lli()l o) wtcl and}(dry 

lIS caIn hI 

ilfl()illlili(ll ir()tihic;Il lilrlnirs who pi)-)obabl) klnow rlnil;i a pitttllls

and .l(HI()IIill i t r(I:IIc;Is tI '(I c IS..
 

s(_,S()I Ibe (i f1i(lflilli) I liest Sto) I()Is. ( )inc sIuI(I I )Ito lis((it M 

II hclttt.r (hall 

Temperature. .\Velig. ililiil high itti() h Itlillatlils ideaitin alinl an 
ofext ae lile' telli)tl;it liares ;lIe lIsefll 1 f l ).illll lIelIIIIIlillr • (;1i;Il . I'loill
 
Hllslii;in lihllitingl x;iilltills I\a' sh)wli h;il Itliittiile
i is IIighilv
c(ortlhitcl w-illi lee grlt)\I. 'lIcilig at t;iliit il spc(ics iii a It'lllielerlt 
Cll'bt)illli ltltae isast It1.it. Iherevele Jl;illlill tllitlteip species 
in Ilie ttir(tis ;ist) l;is hitcli isl llilig i ll ;ill tbe I riel. l)~slItc
tis, it issurl-isilig h(mw ()ficli m)11. Iplalillillg4tscmlllt. al()ss 1:iil(cd (l'.'l, 


illho lli\,all(ls (wr It 'wit'al ill(()i(til lil',lIs. 

Elevation and Slope. This ihllitl ill has illiptirtlt bIcllilIg otn 
criosiol hu;irtl all(IIl(thwlllil suillabilitY of slcics.Slpe is silblply 



Inil ill i ,h'ccisi~yes 
bs t he p' lntd ()itIIic ;ct 'im tlvltol . SodHtrc' hallo. liyot raphi 
s~ill a il,, lvi art clflcII I'mlt rll; ic areaslli',!t l sl lfheH lw' 
ecu i ll'l.i)[ h w I cll l~hI ' i~t~kitcra tires decreasec; Ish 

ilae DaI t it ile, ivlle plsl'c~l vll frm 

iN . ;cIll 

mcast Iilll!idvdelil'ilSo Data.lli i ,ll il i,qld i ;11licill( s ition fromdll; 

sokti aliItN IlI ac()I t( ' I gmli' )(1,illi citI l o I~ i . il 'l~sl (O ',ihs;I' sli I m l I be/l f 

l(Illippo.-lll il lill II;lll~ ()\\] l (silngl l~ kits, ia\ illi ,I ( w ih m- cr l di 

t'lil l l rptmhd mliil~ iiN il m mllil Ic m\'idtl SI l,;IIinvliCh'l i l I i11 cus 

bll viia l l Il llil Sll't stI IIS.;1w ts i be p ie .I'c i o ld l 

lall l i iil te ll ) lilil" h t'c k;llt )ildi 1 1 I l tsIII i t i t ( . llll. llt r l l it' 

liile"11111'i is l w ) l vit l~slt' l a t~lldw ; \ l \'ill ot rIi iid i e.( ) huil l(i ',i 'lill I

hwatn ilEis Inlude d 1 U t,..xh~c.li llr<li mv li tS0*' S,11i 11i Andltl~ lii l)gg 

I i genou Veg ~ l IiIwII,, (l~, lt ll lillilw lllit' ( It Slktaton l ;ili be1 hNim t(Is l 
pI lila i..\ c~il iliv It..i lilc l i i,ss ll a~'" it t s'l 'lilC'''' ll Iht , tio l"ee 

prl e s ildl'tlt r I tt )w cll icil [liI is i\ill i l l l it' li l (it l .i lllllioa', .( 

cns i ld mSpecies Nodeection 

'l'h- I m Nllk \ (..h \SI tI ))c \'1l ii llt t1i rcill 'lilcthel.i'irt l) r / llo here 

:;ICllts Ilb r ft\ l'ive p't il tllg and 1 li I clivirml \icila :idatacllecllllt' in 

I'111 SpecieI t i ;t (co )S\i~ slc ltts iI(- Ill I Ii ;I's wll ai'ls;19(i(( ()l l a. lm. Nl tem o 

Iliolins i e 'I l s m; ll lll I lic' w m'll . ( )I ht'l sm)lli.(tc ;Irt' llll ld anihdhh 

Ili11ch caliil be ghleaned I]()Ill I li t iv it ilr'c ,i I, iil(nlit I miled b\ *lclt 2, 

c'im l -dh'I1\ Bli ewba~ktr ,Ind~ wl lici 19,<2 iIli;it Ct 1'll CiS I hec WIW 1r 1 h01 

4 le't's ;is I iicl ~()st't'i:i Illl) Cli I -Ixi 1 ( i l~ ' lll 1 p]m l lolli r[llc, Fuel 

prl(wo.t'rl'les, l~ ]l~l, ;Illld 'iII(.. 

Sliltill l' vd ~ s. (i] l'" \a;llets. \%()()l(I dctlisilies, idl lillilt 

uistes" (Il" ircw\\(wdl~ (dl al le' (II'I SsSpec'ie's (diltll allt. I1m1Itil';'ll iISullita 

Set'lionl ott'nivirI lli ctills, g(llm l (-Xi(lt'rililil i]l 1l'ull ic', m.r Initende'd 
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~~~~ " '< "1 u u0 2 

UTILIATI3 2'' 2'
 

F u a d1 1 l3 

I 1 1 3 2 ,3 1 3' V 
CfnManure ''3 2 32 1 2 -',v 

33 3 3 33 3 ' 1 2 1 

"AIAPTABILI1Y" 

'''A n i'Sa''1- . 2 1 3 3 3 

I'' ~ Cold Soil 2 2 1 2 '2 2 3 3 3 3 

lo'rugt'' '3 3 2 3 2 1 2 1 1 "2
 

n',Rin (u) 1200 1500 1000 1500 1000 300 1500 600 250 1000 ,,. 

Cojppicing
 

PROPERTIES
 

gravlty .6 .65e+ 
 .65c .33 .,65 1.00 .75e .54 080 .42 ' 

0 3
i.odyield

'"" t(on/ha/yr) 4)12 ' 3 13 33 15 6. 25 6e 

Averua CAIoriC 
value(cal/i) 4850 4600 5050 4900 4600 "; 

Avrage annual'< 
I. he1811L8r0.th 

2.6 2.5 4. 5.n 6.0 2,1 2.5e 4,5 2.5. 3.3 
lheight at 
mturity,.-4'' 20 30 23 45 

' 

010 35 10 20 20 1( ';" 

0011 at 1 
"aaurity(cmn) 40 25 50c 200 20 50 20e 35 641 30 

jrSource: Brewaker, Von Den Blt and MucIcen 1962, 

41-.('1od." Aveorage. I - Poor,A 

'~ '"" refers' cottw r~edvalnue, 
1 ~~ to s. ~, '
 

1)10( 'aI oac"cVA~S xample, aewdlreported frt many
~p66s,'but methodologies used to derive them vatyii, 

""1 

S ~ ( .Hre 

andc 
s cs6 wtie spacings suitable for f'orestry enltet prses ih general bullt.not 
a othec-s ,19 82), Y ields are ofenrprt(Iat asingle p0)11atio ora,I 

~ynecessai'ly 'useful Fr fueiwood jhii'itiings Reports ate ra -cof as ecies
 
$responise~to thieligl[-.a yIilig close spacingsll1 1tghy su1ited,for
 

, i~iI selctinig spcies foi- fuelwoocl ptoductionl three fa'ct'ors must be *,
'4" 
 '4 
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c IIs Idil IlI II1 II;Ic lI HIt I II " .( s;ofIhc.I pr ductI (I ';iIIc lI -s i's_:, 

ili il io i ollsi s ic l. c'i.' m ii . 'rIl~mp ) spcc'liic 1111s bch;i 

aIpprh ria, m.I i f-ili t, I Iit lI <><l(-I 1 tt\ ' isl l Il' , i i II Is l~ (l I I I I It'css -)I 

hV~~lli l 'IlI(O W' li M1 Wl;i t VC ' )lt I l cill. '' i i~ l~~lh \,;. lt;IC iW 

isc hll illi l i hq iilli.
 

sI mII(h (IIIt t Ii'r cl~\I l c ( I, i 'iI icsillc I I (It'- ( '.Ih l \ IIIc 0 '~I IsII , 


Use.~tl i cm ll tl\tt endedl' W .- i is Ik'< ipili l 

' l id 11 IIc 


Xpi I N( !( ( gt I'( ccI I\ d .% IIi Ip. d
c I Ist- i 1 t 1 1111 )l ' lld d I] II % 

Sil I ll il ll ili Ihc '1lil l l l' c. iqll (1 %\(' ;I~l~rdll slill i .( ite\, llll{ 

\\.~Iili,(11g c lsdllt' i i ~ I \ iit(I if(-m ul slit ;i cil l ' cmiinig-' l l' Im i\ ll II I li lll 

pill 1h( Illili<' , h t1 !r 'l ( t illid ~ ii\'( i('h . Illl I i m Is'ishll m o ;1 ' ,cl h l I i f' 

1(-I)ii m dl \vI)i(-i cI <' 11!'um s"ilAlh' Kil I -i IdclI i ,l"iI iI c.i t.I I Iclllslt'l Illaiv 

iil.1 dc l illl li - live l\w i , rStichtits l ci ic!Irsf li~ ll 1 lt'l'I ll L "''(() llr 

ll ] I~ lilig lI i ll ;m\lh' i''nie (Isp..\ li I i 1)1r illg, lI' m idill l 'l4, .S t 1 N I l\.Id n 

11.11r-


I()i d . ' ,,I'tc Ii ll I c i I I , X Ill~s i IcI 

t I I I III .. 'II iI l I (II L It'l I pcl iic II; si i i 'wl, ))lIc Ihi1 iI i isc is Is I 

mld, bcl 1;illI c ; I I IiI I i I w' ll . t'f. 

i Iml H ' I il lIc l licr pl il ()(lIlll IN il l i 11 11; i 1'll 111;,11 (;R 1\%its tIS. 

1wl,,,. \,,i,,. i,'%%-f i kct- ii \ (d; i ll lr.1< lll\ illu 1 ili t*,:'Pe ) Pc liti/\.
 

lIrich ,(tI Ic I' , I l-Iilimi Ill~ I \,ut! I, 't I I l lI Ci )lf lld I i( /l sSui s{ i
 

m ~ c , l ic l If- i i l ll'(-] iiii sphil l lilg' Il l , h Itil cssl ilg i i ;;l , dl \p \ t'i il 

ic. i (1tmll a / 


Illits it il spc(19)("( m I' .. /]\ck v c 

Iill ilg \\hlici19 illc .11,c pLi mci~ll tll~ tli7kIbI ~llli k e ,i)a 

i l li. h i)t c(.<Ill li l w id .;tmie(d il l , 411. 

hirsi's,lillr 1() I heS, iit I I)ll ilticl';-I iimIrcsiiilmid' [f ill cill p li ')cli 

kill Fllcs Ih m lild i llc\IUHIpiIt. mi isk llc ( II
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TABLE 3. 
List of Most Often Named Fuelwood Species, 
in Order of Preference, Bangladesh Survey
 

1. Sesbania grandiflora*
 
2. Samanea samanu
 
3. Trewia polycarpa
 
4. Anthocephalus sp. 
5. Trema orientalis
 
6. Delonix regia*
 
7. Lannea coromandelica
 
8. Erythrina sp.*
 
9. Pithecelobium dulce*
 

10. Albizia procera*
 

Source: CPR (1982).
 

*Nitrogen-fixing or leguminous species
 

A species )ssible li ggIve illIItielices (iii lite site illlisitalso bIe co .isi(
erted. Sonic I te'eccovesl iia\' (letri:11eiial to) ccirtalin soils. ,\laly lpilles
teind to h Soilrwei 1I.S(tPic eiciti li)ts c.a1 alrer ie.rtdlt volcanuic soils
 
cheinically, itaking then walr r1 pelltll. 
 Perhaps more inlportaltlN,
 
ailit ro(tlce( species call "take oer 
 illtarea where it is established,
 
becolming (:trse atlher tha al ceill-.
 

Social Acceptance. (G;era+l, ilie uliotr ts(S ;agivent species has locally 
the better the chance of its accel)talic asaf ielwool tr e. Lsuahlly, sl)ecies 
known to residlenls are inuirc easily accepiteof )Vthi, As part ol'a fuel
woo(l-l)latiilg lrogra:1, tlie Centelr lt lIP'oc' Rcsealch ((PR)In Balngla
(esI researcehel te . s usel Im iraf It',lrsifellis liot Firewood. ()Itlhc
 
I0 most ofltic It aited lielwood species (I.able 3), threet selecled bY
were 
th;t stuIva. Initial sp.'i.. (( PR I982). 

'F[Ilehtw I Ilost dles IrIe Sl R hat's istesot h lwort hal)IffirI l',hlt f fix 
nitrogen and, since ho)lth are growl throughout Kanglalesl.h, s lsulplply 
is no plrobleml. l'h Ihilowers of S.grnldll/iloa, tle species Illosi lctfii(l. 
are used as fo(1 and ili religious cerlnollies by Ile I fiiiult! mi1oritV. 
Tlew tree also is a fa'ored ori.eiltal ill 'aid platlings. 'Ihe species next 
pieferied, ,. ,iaman, is a dlesirable shade free an (f ntich valuled as a 
tiilher .species. It produces cdcile )o(ds wit h high car-l)hvdrate and 
stiglt "Co(itei.t 



Oth l:coIici'isiIthllflit.e (lhi e of spc,(it's. For househohl Firewol 

uses, ecnI SpciCs wi iI] 01 111 or IIiI(Ic. h I r;ilssilh ,IS I (0l'ls Illaa' 

be tiliized. Whtere ;amrkt de IIll exists fo0r 1ie, eI, Iitr specIes 

with desirable form or sil, ihtilt IIl i ehilliles 1i1 tt inmlprove 101111 Should 

be Sel(tI'ed. Specics sIIoI gi,,c ;afItII ainIt of gIntci IalIv stabIl.ble seed, 
of,clse lie ea.sl aprop;(i iIISIrc Wi(th planting1agated \vegCtativelv SI as tlo 
bv rcsilCems. 

Silvicultural Techniques 

I lniseltloh fircwiol producti i has pcl laps ,iaatI n1 Iialitv in hitestrv: 

;awide \ariet ;IIYad jtalit\ (osites Ile available f0r tis, fI oi prilule ,gri

(cultitId laitls t<o(l eIdil, e'rld'! sites. Hils. fl01 ontly is I;lItching of 
, 
 tll, ftIIttlo(ls to site ]nlst 

Iv (iiiii~hir('l. lasiAfll\, thee opt)Ils arw a,\;ilalel. 
SF,,cies site ulipiorta bit tliatcluulig lIuulIigeIllell 

i ll. 	 at itlahl eit lI. 	 I?/wk /'/ llp ( <oilligilotls planl t tiolts (fd s c a lore 

o1 less (ompaciuItt dittltlsills. 
2. lhkrow+l'/1(mi,'mg. Winldbreaks, fitwelhraks, ()I bou)tndary' 

plantings establislhel in long rows. 
of forest and3. hvl'grah', ..l.r/ill'iy )/l/jl.%. Integralt iol Iv 

agrictI itie on tie s01i)e lWIlmliI ;)IOrlt ti\er,tt'ragCmeil. 

Block Plantings. Block plantings au-c usutallv made in areas where 
availabilitv of lald is not a limilinu factor. Still, exceptions are fond 
where land is limited. Falitiers in .arildplr, Bangladesh, with nuostly 
tenanted landlolditings oflcss than I ha were willing t10(evote small 

aitches of agritlt ora lamid ("I to 0.2 la) 'xeltisivelv, to Firewood 
growing (Ken \ltacl)ckeit. pets.comitn., 19)82). 1hiwevcr, R. Pethcram and 

otlers (1983) reported that kirtiCrs in West'Java willing to plant lees 
iI blocks reser('<l thiri l)or'st fiels +iol this hil+rpost iII most c:ases. 

t'se offhloks oif Agrittl tinrl land ho wood or fcllwood ro0dttiiln is a 
growilig pract ice in filie Iroplics istlie ofltie piesev (iI liroduc1ts Inc'reases. I 

have seenstclh jillitiltgs iII itIul\ areas (f lhiailatn l and luiwan. (ertaiill 
Iir h osehold irodullction, I here is no bet-tor more (lulect (list ribtitioln 

svsIem than plmtings ofn ptinsial lilh hlingsoion lltem ted plots if 
teniattul ladlord (tistolti hiertiuit s. 

\'hien consletin, l block planmintgs, tht t\\,( Il(st critical fcto>s to 

llilitageilelnt (ex(lt(llitig sit('. nnti itI, ul luf '(0nlsitlCIaliims);t(.[l'rX,,;neir 


MtSt I)YOHItIchIlair l)ipltti<I ii utlil tdM ion age. ICl'.e'l<d pIliuiiiiigs le11C 
siacing (i.e., 10,00)( 

with shofrt rttitis taking naxiniin ,aVaMIlage it hie fast-griowilng 
five with relatively ( iost- It20,001) si .ius/ha), and 
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TABLE 4.
 
Eff-c t (A opulation on Wood Yields of
 
leucaena icoocepha l (dry ton/ha)
 

Age (years) 
Popul atioin/ha 
 3 4A2 


5,000 lb 35 39 b4
10,00o )i 74 109 148
 
20,0)00 36 
 84 116 155 
40,000 
 42 69 
 78 112
 

Sourc : Vail Den Bildt 1963. 

ilChv<lIf SJ)1cics. I'he clle ti slaciIll ichl was r<+esller1hef at the
 
ti'e it I f ItN',aii wh, l'I., I ,/ (IWa.s gromw at 12
wh I IIIarn(I/ 
spUcings Iallgilg f1r(m 2.5(;(l I) 80"100) stillS/lil (lTal.e 1).No()tc I u l,[II)rtIhc II',twx ,I I I c ]).Scr s]p; lcInIgs Ni.hh d thlu I\IId )st 

voluml e a allI I lvlii..l wlf(IV spaed I.at1 Sites ill '. 1 ,Iicills lpro
dt ( I low 1(l .l If c at firs ,ht, a t p( ( .
 \ 
 II I fIlI idl pickci d ) Irt(11l itIi
 
I his c tse 1e StIwm
tI higlc wcrc I0)00) a!d ichIs at IhlI ei'crs at 2(120,000 
sticn. perIla. Yfields lI15.)<() Itr hIl alilollhll(' tX),t'pcte(d I(excc'd
 
Il se (Ilhigher Ilp ilaImtiol,
t at six lt eight scars. 

R llat iml a e is I)()( mlkii ;I ItI llt.I rowt l ltalso) ()f Sland spacing. 
hIUllrsmanag r call tl It. f itimls t()('Xl(Iit oarlY, l.;,pid growthJ .ll ll 

tOtulli, hi h 'chs ll te llJI t i I lhl llli CmlPlimtl lm i I . II;I11++'Ipidi1.si(h).g if allc cIcs ()I Ir w ( 

I I I (IIIIc r u( l 

mp t, liltl l ...SI/,'vfi',mtiscs ;alt mi)c11101ti ie rssuretesIncrease, the
 

SI;II sas \%.(.I. I I c IIItlaI I heet s wIt IIaliIolwrlsi I I 
t 

eillfect is,el(l).au,m m llcl1 sCall hcc )llC all iipll.lit im tla h) when
 
Itl l 1111g ,,rs Sell l rics, splitting c()sts (ill
Il.f f ll ImhlI() Illdt( st 1since 

tileicI \tulle\)(all be \cl\ high (()I'
larg <ianclcr Itrks.\VWf(e
ltll.lklll alrsalcnsil
ItligSic ( v an lll'in i ( tcltl)aIlslv'ary as a fimtc
tiO' (Ih' I . gcc, a.\ l msili (m iI l IIcc..5 hhl()lg,l 1e'hapIflIg
II((' 

iIli)0 ,0iI t 1 1isch0.ld(,I 1 h l 1 ulI fllhcSc Il(s IllI'ah e n ' ht 
X h ere, Is e UlIf-kccled Is tll.m)dl al)l+Ilm'k IphntiIgs ilsarc Capalic (dl\ ic.'hlig,t(yr tliCtS 10(ld<.,siich as 

TC lllniiitlrc lI I-ill ,and U, ( ()ee ll tl.ilill Ill t)
Ing

are
(f*
ticlwced b)\py( itha\i. ll (litghcsc F l lguctslI i mi<t. I laiwaii. \p'r<h icv)M l]atil 

LewII iH lemetil ( lhi \ ic'hh'd 3.6, I.3 sp llh; ()I I}l+Iw
+ ;lmd 5.5 (11,v Im ge fiff 

10,000,() 20, 1.((1)ad .10).0001 stemns pe(r hi\ re:spectlxI(Van Den IBechh 
c(( m)
1 9 82 ). 1 1 Ciq~n)titIs;ir is i dli <+ \catia . iet_u l im nt N'e. d bh b y It c'< Iit,Ith e 

ll+illidci ( +Mildcm isidcl.explrIlmlCl ing \\.till,spacingan+(.11Clling cvcitcs h)l 
lllaxini/' JIll fl)Itt t ill <d IfIt culllloieutc whlil keepilig yiehs of llehwooo
 
as hg! as I .,Sildlf. 



4. 

pit_ 

I , * : (dm.// 

.r l twoi I~hlt. In, onlicherrt (Kirk R. S mith)., Ida 
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.1-A.
 

Colto' rjUlOIW ,OO(pialtiflgai?.'!der/oionIc0tru/ Iilippi.. (Napoleon I'rgara) 

Hedgerow Plantings. little is know, of IItc )t(-ltiilof' ietgerow yields 
anld management even though this is perhaps the met hod ohft ree jtfaui log
used most ofteitv stmall-scale landhohlers. last-growilng, low stat lc rl'ees 
are oftein used as windbreaks, hot tilarv tmarkers, and living fciues ill 
lralditionlal sstelis ;itid mllaY be ihore a(c(epl)al. to smIll talict'tters tIlll
 
block )lintilngs. fTatfi hedgerow planlillgs {.iI be extrelllcly 
 )lo
dtictive was showo 
 hv a wilu(hreatk plalltig aithe [lniver'sits of' lawail 
experintntal firlll iI Waimauialo. A 50-meter ict''a eht'm'eptor ah 
hedgerow ,orsist ig of t fhie rows s ;acefd one iclllerapart has beenl 
coppiced tllll It plast I fII cc\ t.t te wrs alld fIas heell ploluillgal 1)oi
0.3 toln ofwoo fot every 10 ttieler pcI'" ear. (' ar;sillilar hcdgetow 
siii'iotildilug ,1-l-h1 tfis v I.hftlalltsla e ito Ibotutplot, 13 tolls alitltlllv!) 

IEvell tIlo itgh tt alatppears tobe ;ahuige ailollllt of firewood., Ih illel 
10 11tt'rs of ,edgelow averages ilhoilt 13 mlters slmdilig widft 11.because 
col)lliced stunts tellid to glow outwarl ,towi'dtie light. I'herefo e, if it 
wele Contained solely oni I Ite failttlesr's lild, tIle cl)elt in-heI(lgi'w would 
shade iearlh halfothe hlect(lili'ci'l illad l Hf'ittthlltt'e ('Ito!) ieilds 
stl)stalltiall,'. Morte realist Wally, letge' o,'s slildttbl e Coll Iilled to oe(ri 



A\ Ili ' Ijiii iangci( 22111(telCW op) iiitiiget'icli t sllsIil 11 thIi.Saiid 

nt
Integrated Agroforestry Plaintiungs. MIitcht isheing lcm Twet abou 

nasl 'l (].). I pIiit l .Ielixit's Iv 1d 18( il P180 f fhcl/illl c (ll il ljI I lliof 

I I Ii]w~ il i I ) 1 (11):.ic!I,ii; I i i t( IL ;I ll I II() d I I I 1' gI I .Ir I .I i. I;I 1() 

C;Ig'l ii lI t ' ITil( It ;I. m ilIl i I l d pi(. d r (II NIII)IIIIIc s ' 

1 l ii~g hc il ed 

I (I( Ill . t 

I1w1Ilit o i'~d I li',I .11 ;i. g 111"] Ix' () ( x c% ' dwitd l 

h.iI( cm /1111 'ii1( 21', tm im Ilii (Itll. I] if\ lIle gill fl Il.li bu2i 

\x'iitd icl dii I) (bit'.1 nt iSlti sicill\c withiif)Im' PeIlkIilt I l(;\ ti\ 



-------- ------------
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TABLE 5. 
Leaf and Wood Production of LCocaena 1cticocehala
 
at Three Ages, Wainumnailo, 
 Hawaii (Dry tozis/ia) 

4 PI1an t lopUl atian
0,000/jiza 20,000/ ha 10,000/1ha 

Leaf 7.3 
 4.9 
 4.3
Weod 8.1 3.8 4,9
 
--------12Leaf mo th. . ...6.7 
 5.3 
 4.5
Wood 
 29.1 
 21.8 
 17.7
 ----- ----------------------24 montlis -----------------------------


Leaf 9.1Wood 5.9 4.4119.9 
 74.0 
 56.1 

Source: Van Den Beldt 1983.
 

oI)1 ( c)d(ll+ [u mly l ) i I )ImXtcl<l ()I.1,lr t111ccn!A g1l..(<, ' tlill]~l ( l;tf i c isllI it' lwt+ils()11 I11;1b()l ;IIi ll p li1 
 x llNi a l Oj ill.t,II,1 


in IIo11 iwU(I /l1'1(mr,dm// I in llw;l ii. II i JI q II llI s) 0I(llllc hot tII liethighetI c iI Ilm itowood and fraleIVe" a)t(Im-\(; III>',iml. Bll issshowiII I ilh ., Ica iI ir cilill t'ssC'HI atilhsnl alli x hll Ilu ti ;111fS lI lili gs.I'lIins, ihlulloigc lf)iIt.tic1i1 is('J1hpilisiA/'.f i woul It pia thew II1h1;lger
to ;Ilhmv IItt's I()10WV.." IhevoI I is IhI1c, bhi mlfl Id'11 issibh .
bIohava Ila
g,1,'(f'+;I)) S],lteSt('It t++'('i'e)S kV 101g( l + l( I 

h ( I llh i hla'Vt'sl flel' t ll lV.IF I riew(o'<niltufit iUmI is oh'siiul, IlIc I 1+'+s woiful Ic wt'ir spce(d 

l 

illId
 
hlft II() l10W li, i I hill t wo) %'irs. 

Experimentation 

•Jtl slif l lction for t'XJi)iet'lttliil s,hIll bv lnowlhe I1c1 Aiil, +mm--bc

lists (liil Illc' ftI 

t

Ievwoof siccits il;I' hclIava ilh'1h froi rescitrich reports orlocal lorest rI.++Xlt.s,bit Ihose (III'(Cs uslitil it ,rowt't)'h ia specjts


al ai i ci sit v;I) i f u(ifI'cre.t usesC,little ha;1ivmr cxist
lat;l It;t svstellil ioally coUirpaie Nl ()'l' (li\VeiSCt'll\.cies 'I I iChiiIits* ll is is I Ioutilne p)ro>(cdiirc l nc\ a;I I (dt' ic's lili-liI ilcl s. Siii.cc thlihsi. 1,b;I<:lofI ti ' ( fmml ; rI'I ll iI:1 Il 
 (rIII I t i()d le' t le 's;i e (t I)I l iX1111 l I,(.'(- it.\villt Ilr('o-lf(Ii I1 I0'! I it ;I .-; Il ter lunli g ( ).s l 'stiIig
slioi il hc ihalisu llartd ;i%\ Ifl'hoooml pr.grann.


AI I XaIjI t'iuItIhc' ;I
nialion Il p('fovr iI1;iII(C isa f111i -1t Ii (f site hashcnu .iown 1n lawa Ji. 1oltcnI ir il XcPorimt111tS IlIXdvillg I i\ tor'' ItelwoodSpetit's W t'c itlIII l uct'f It fui'MII sit('s auf t;t taken ' ryeisix Illilltls.First NeaJr dataI16r all sits ar tcrcscnlted n ll t., 6.(kc'iI v, tilch sicci shas an 'ol)t iiiUi'U" ilocit ion inI Itc st'rit's ofI rials. St iidyi ig Ilit' tabhl, le
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TABLE 6.
 
Volume at One Year of Five NiLrogen-fixing
 
Fuelwood Species (dry tons/ha)
 

Spec ies Waiiimn: 1o Mo Iokai Wa i p io Niul ii 

leucacna 1eucuc epIhaIa 20 .7 36.6 13.2 2.1 
teucaena div rsiulia 1' .3 22.7 17 .6 7.5 
Sesbania grandii Icura 10. 2 23 .9 8.2 2.3 
Calliandra calothyrsus 1.7 8.1 2.0 5.3 
Acacia Ir icf iiure i 10.2 4.6 1.7 0.5 

Source: MacDicken 1983. 

lI itl)l ,I ff Ifil I f,( IjOt' f atlN ItmI i liltIfItif( 1",11' 1i 'lis I(l (lII i III*. 
Ye't, til tll\\ i f) IIt,+~ ' iltc +(d~Ilils vjs IIIlest HItlviw . 

[I"'f lit'i'fillt m )tfI t'N, liff laiit' I()I, ii lllS m i.St X-lllii ,fililt t (Ih i , 1x1litsi\ 

Ilic Ilt' t iilzl isllg fI'iih iflt,' Pti ' lllt h 1'Iil ith Iiiii(u\ dalt lawaiinl 
tli s dt Itli vfff dtf i ill,ii t:i'ltsi1-lif 1i . IcaeIt t lliaSf 5, llth growl 1 
Iclwl Imilif c (I i'' 1i1lt 'l(it( I Iitw,,t ('ft'S will ,i tfit" t'(f l61f)r(1i

siw lt' D]ailli !Jlii' (kcl'l i i 198 3), 

Illlh (t'rJ)l i Plitlllt1 ]alsl ' c asiol, t'm i HItii .'if illigts \ v 

i ll 5 
t' t *ii dI fiiclilii ill1 0i fllA Ill (' gl iWI ( Clie ti i 's,

lPdit \ l s',' iiN Iillladc~ul~l: Wd \\'lii( h11 ,,..1l h ll li til h1spo-cit's If) list-, tM 

it rI t t t[ic'li ~IIIlIIlI]ititwlii>Sltcfit.(li\ t'h, tlld w hich llUli t11in) s 

lm+ls to)list-. V++ie iRttli~ filtlilt'IIli](.I Six iii(c;lsISi,nglahI shl itW as 

it' t'jlt t ( ,ltI it ll It'.,'<S iiciIlii (illi st'' fI'ia( placings Ht 
II )Ilicitc.<(IN o)( I- ...Ad\ h It ,IltI tr( II on II 
tIIrI'ce-tIw. (111tco ',ect l Ai< s II c sIlt'\.,+,. No itIflI\, of'thI 

k,, '. i<,iiail I .ials wtcrc s rt lIb 
( Ib d ()ft In Iw( ( I 

slw( cs (,ml'amwo m 111l. mldi/]+wo \wt'llir'ilwtd tole .111 Sedii or ' 
\IlIgeris,t",iltil'idlIw lilliilmt'lif l,iiiiflilhr! cSn .l [t' it'hl Sit'lt~ iit'tis:v't'i i l',llsits tials w(.1v, iillIcdl. szlc 

P \\.(.I I, l~liagcmlis hccit lse
. 
Iht-\lR's Itr-ials ;I 1. 

illfwIll;il(Ini (nm spel ctuat 

hltcluill(il iwxv Ih Atlv plct'l{rr¢c spcl(its; 

I. Ih~l'llmde listhll t' sgrl-(vthl .1ill li Slites,
 

2.A.\sistwd 'ildh'Itcrilihlligt~ x~, ln it l~i1 0i~1'iit'a 


i'ililil1\hw~ g( ci c3,~ ~~ 1119'i tii'x,l()Ipcl illlichill +lirll fil 

igt'lii'l, siuchI;ts(IllrctI sc'tdilig, spaciilig, Ilicdgc() % yicl aind 

!;lhvicuiir . miill~cI;ig.t' ila-titii:aindl 

•1.lh ih d ctliiml \ilhigts III
,;listllt Ihlc triall all\';S, 

Cli)lA lintills dlid
Theli ii\t Iflaws. "<nc'xainilet, since tiic blocks were 



1 SI/.;i. i 1 Seed/0.5 ni 

CAL AUR SAM LOC I 

1x 1x0.5 1x0.5 x 

1 Seed/0.5 m 

1 Seed/0.5 In LEU LO-;? SES MAN 

1 x ljxO5 I I x0 5 

w) w 

MAN SAM LOCI CAL 2 Seed/1 n 

2 e11 1 1xO.5 1 x0.5 

SES LEU AUR LOC2 

1 xO.5 1 x I 1 x 1 1 A 

/ BIS 

1 Seed,?5cm 

Nota: Plots ire 6 x 10 In
 

Key: SES - S,.st,,,,, ', lo , LEU - L uc-pa/v
 
SAM - S,mi,, ., ,, AUR " . l/lt . 
BS - . .Sh,,,, / . . MAN " ,' I/ca 
LOC l s /1 2/,/ s....... 
 CAL C,'lliI iIttI ('llthVtstS 

'ig9n11. I'r/m.'dN x1'irulri~l with l)iml .S',d'dlmh, 

not replicated at a given site, sstell;Iui" (' ~io lntj (d aaly',sis between 
sites was diftficut. Also. since Ihey wec h0c1,tel inI opeln, fenced agricul



l ,S itt Ig iFiI l1oot I f I Ihtf Iut I l F I)Iv -i03 

lit o),,(f 
hfllic gardnct) lht iigs or ilnsit ltl ills 't t'rc 'tlld he grazinig 
l)t't o Ii\t'slt0(k. St ill vcfI IseIvc Il )t,1l)5c OIf(leiIII ISl t

tural inds, the' gav' Ihc ie (ficlin i hv'Ires \o.*mld flrc inI sh;dcd 

r's'rtrou t II IIh r 
I tll, (li )'ir cltIlfl\c'jIti ( I) 5l< (lioll', ;and \'trificIt i1 lI ()Il)ll i at II (-('It's 

silvicuh irIal Olf) hnl. 
Rcscaicli (oipiOnl( )It If (f f)g ,is (.;III he 111l11h tImwcfltiwkh ( 

Sf)ulhist iclt(d, adlI t ('I.t(l1 tolvs (1t! l)ap e l o m
 
tesiclcl I hat tfi mtis ltlst'chold I itcoo )tduction suhctncs. Much
 
illi"t-l lW ( III e',ic.a ll 1)1()llI tigo ilg (5 (dalt (l l)i(giriittis tha (oill

llst it h,( t(i.lIIl to r 

f)Itt _ItL '-ttcIs,,.Still it is l Io devehi degree (f:tlt<ito only illt Il1'stC st 

th(c ;a nd1,t to Ic on outside intfhi'rca of silvichIltnIl t lesc(rh itv(l solelY 

ilNt lol sollives. recilft ) so may 1 .,d to llallhagcnltll blnIders that
 
Iliy Ilc(i1licnh lo (0mrI c t i tfl [0ettire.
il 


CASE STUDIES 

Center for Policy Research: A Bangladesh Example of 
Firewood Research 

fl (etllerl. f10 lic Rcscatch oftlhe t''i'crsitvo olfl)akaa was estab
fishcd ili1978. Ili1980, the(Cctl. illC( l) with the"t'liVrsiticsIbf iiMa 

lichl' . lfII lt'rt1tiotl, \\';Is fun fCt(It I 'S.\l) l() t'r i.c gic'f
) b 1 , h 

(esetrcf ( ;t'lll lost lk.'lout broad aras ill et'trg' policy of, Balighad(csh.
 
lh'ese weltc: (I).\ftrtldtic ctciirgy tcfItO()gics, (2) I fvdwarbon
 
poli)ti'll idlihce .,llIsiM,(3) StItf+l fhvdropwcl-,rcso)tcs, d1llf 
{.4)B ll,iam ssetlltclgW .
 

fle Litter stillf, hi (tIass Ct'lt'tg,, is pcsetlt lt'ic ax mx;lelIc oaldtll 
,.1(t101)tcs'i-,h llograllt that is f)t<)viditlg \;Ialuta l iMliirit ion on 
ltoiovfo lisc illNillkhcsh, while esting tlicoics ofttrc fdis)eIrsal and 
f)C())le"s fI) ticiflt;iIti aMt(i sys c Iai(-;ify stil.f\illg grw-It I ltes of fast-

S.Illt c f\" ill R'+II's' 
olt 'lBiomass F'ilergy StiI, whith I ,assisletl ill )tepilaiing. 

I'te lc fc of It*tt'lwo' )d illrtiafl il+lttglal(csl ;all its I()llcxl ill(he rtilltaf 
ctllg, f)i(t fue las lcel jite-ioislv (iscussed in thls x htlti ((;votlfel tr 2). 
'i6 Stil liattIri/c. hli s hohl t ,()I Iirtc (d fr<Itthe- m;itn ltitik )I;IIre, 
in Bangl;adesh ranks h ilkd tls( )s (It ei ilrts oft ft,t Icc. (.1t ilche's, 
andl agriciltll ]and ,mim;il rtsidues (jntt sticks, lice stra\, lic(c hulls, 
CO)w (htng,an utol hers). lirtcwi is a ;uli 'hecitl ilt Biittgladcsh, 

glo ,ilg I It-c s ris paltl flo t ( ;itltll t'tlmlt 

it\' 

\,dlcd hot hi h fitsch'lhls as ,illcficitnt cltltv sorIIce at1nd illitIal 
naiktIs as ;agood polf it soul0cc. Rrttrl itultst lics ;also) arc substatt ial 

nscr-s of firc' d ll Balldcitsh, Ilrcs thetitlg potent lii in0tttc f-

ii ip i •Illlitler.
 



Il.I(itioI1 l,II' II1c( 4114 (d4 mi1111a' o c44 i 441c1(I wV4)dI lItt' III Ballgla cllI 
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was high. AS a restill, all cX1wrillicills welt, 111(wed I()\ Illagcs, fulfilling IIIc 

(I I I i I I ndc ()j'cXpcr I I I I cI IIand dc I I m II. Scc (II I I I gs wen. (I Is perst.dw 

hrincl s w dc1cl-fililit. 

Pci-Imps Ilit, SI Imigc"I P)IIII (d I, PR's appr(mch was its sellsitivit y and 
basic Ificill 0) 1hc ( ()If( ept (d Illcml)(wol Iml (d IIf(' Ilecd."(d rural 

pc()pIv III Ilic p] ()lco. 1.All cm k dco. IsIml was Illadc 1()111III/c indigellmls 
spech's IIrst III I[I(-I\N ( md 1)1;1111 IngS. wl ( 11 1 lic ldca Ihat I lict v wmild be less 

rcsiStall(c III Ow 11) Illem. Spcclcs. I he fact that IIIc 

Hill lally ScIc( Icd Spc( Ics III c IIScd Im 1111111\ w llcl poll p)Scs In villagel S 

Illadt. IIf(. ;Ippl 1);1( 11sccIII cwil Inm c l()gi( ;11. 
Lm alk 1111ed ( it c(Acl 111.111( IScS 1 mdl, pt';IS;IIIIS (d Ihe 1)()()I.(,Sl 

lasscs, %\cIc clilp1mcd l1w )Ilk 1()S(, it c (d I ( ;I(I Ic ;III(I pull wcc(IS but also) 

I() Idelit ll\ as p'll I I( IPAIII" .111d m I ;Is slycl \ I"m "oil sccdlIIIg 

dispel S;11 lit ()gl JmSA .,If clAvi S I ;ill h )( ;I[ nm sci Ics It)I I If(,-,(- pr()grams 

;III(I pf m Idcd ;III cm clIcIll smii ( c (d k I() pi ().-ct staft. 

FA cIll lialk., ;Is Pi 1\,11(. )rg;tIIi/;III()IIs ;Irc 1)1()Ilglll illf() the 

1)1.()g Ia I I 1 11is ll()I)(-(l Illat Illc sct-dIllig (IISpt'I Sal piolt-cl ( all bc c\Ivilded 

pl ()g Ic'o'IN, ck ill (11lict .11cas I d KI Ilgladc'sh. B IIlls IIme, Icss I c wIII 

hc pLI( cd (m 111(11 vllml', Spc( R." and ;If (I p1millifigs, %,-III]lll()I(

c I I 11) 11 a S I S ( ) I I I () rI11; 1111 it-I \\ (md ; I g I.() I I () I I I\. 

I'llc cm plix"IS (M tl\l)(,I*llll(,Ill;ll Iml \%it 11spc( WS and slk Io,[.11111.(. Is 

,III()tlIcI "Imlig pmII( id Illc 1. 1 hc SIAl ()11(-Il ( (milliclited Illat 111c\. 
%wicIml Imc"Icj " IIId (licit-Imc dt all ;IdvaIII;I9c, bc( ;IIIsc IIIcv had fCWCl 

P1 C( ()Il( CIN, cd II()I ]()If" () 11mv Itl(.I\\ (m)(I ph III ings m e (Imic. First (.1 hill S 

%% go )\ cI IImcIII h wcSicl-s c\ample,CFC krsv( I I )II g Illdc-1111c" II(m) 1101 

Nl()\%,-g Im%ifit, spc( WS. \\ ldc Sp;I( IfIg") I I I'll 11;1\ c sim c bccil Awl cd and 

Illmll.
 

I I I I (I c I I 11) 11, 1 S I N w I S m I cSta hl iSI IIIIc III () I I I I Ik s w IIII , )I IIs Idc igc Iic ICS. 

N ot ()I II\ (I I IIcm - I I I I ks 1)1 1 Ic .I (I .. Rc, 1) 111 1cI I Se I\ R-cs ;IIc I I I; I dc aa I I-

Ib1c I I ul I wi nIIII I I () I I I I. I I I \ I I w bc I ) Im Idcd. 1)1(qco, I s [a I I wc Ic rcc r I I I I ed 

lit)m thc N ttlmutl I Ici hm Mill alld Illu Bmml\ Dcp;II.IIucIII (d the I 

sit \ (d Ifliaka, lit on iding I \%cAl 11 (d Scc( I So ill I ( c', and Lihm-111m v Lot 1111it's 

low S()iI ;Iil;il\ SIS Ill id Ifood ( 11;11 ;1(Ict dctci ill Mat Imis. Imci imi imial linkagcs 

Iss I I Ic If( )I ()Ill\ fill )ilcktl \ SlIppm I hill gm )d m ( cs" [() II'mmlig facilit it's, 

cXpvl IIsc, mid Sccd Smll ( cS. 
'IS(Icsiglic( I Ill 'I \%.1\ 111.11 It III.I\ Ilh Mulick bc absm-bcd 

b\ aln (d Sc\ cl ;I] HIS[ it Ill Imls. h ( ( ml( I wcII bc( muc Iml I I d IIf(- largel ADB-

Spills()] cd Ilick (wd Ill ()gl fill m be 1)[1111 Hll( ) "111111al Ill ()gI.;IIIIs Illldcr 

cmisidcl .11loin b\ (Ic\ ckyllicill .1gcIlt Ics ill B.Iligh(It."ll. Bcf Icl St Ill, it flim. 

well pim lot(- illc IIccdcd Spm k I() SIMmIxc ScII-suStimmig hick-mml 

prml if( IIml cI Im I"b\ \ IllagcS. AItIll ligh Ihr I if ()It,( I m cI Al apiwars 
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TABLE 7.
 
Wood SaleF of Perum Perhutani, 1979 (1,000 x m3 )
 

Domestic Export
 
Consumption Sales
 

Teak logs 
 445.6 
 2.5
 
Teak products 
 10.9 
 17.5
 
Teak "squares" 
 - 1.4 
Other logs 89.3 
 -


TOTAL 
 545.7 
 21.4
 

Source: Perum Perhutani (1980).
 

soind, IIIthe final alial\sis success will lie blsed on how w\ell it will Ibe 
inltegrate( with fut pirojects or whet her itcall develop illto a popularfire 

iioveniieit after flliidingenids. 
 It is t his goal thaIt should be the lhiltlliate
 
oljettive ofall fulelwood-ielated research (1l0tW itl te fhil lire.
 

Perum Perhutani: Meeting the People to Save the Forest 

l'erliiii l'ci-itittnii (IIbreviatl iol for leHIIsallail l i e taila 
Negaral, ()I State I'oiest I'niterjprise) is a govo.rutuil en corpr;lion reSpoisi
ble for the lIialiagellieill of 13 Ilillioti Ila of forest oil I lie island of Javai. Its 
iia(late is threefold: (I) to illtage, protect, ind exploit forest lands: (2) 
to provide eiliploylovelit to iuIral people: alid (3) to carry 0h1, withIap
proval oftie Miiiist rv of Agriclliure, oilier altivilies that prolliote the 
first two goals (I lartoili(, \Vijodarilolo, petrs. (olnii., 1982). 

,l Uiildersltild Ill(. I11tivatioti of leritii, Ierhullli, one inizist first 
accept the flae thalt it is a jproit-orieiite.l entity. Its Illaill sot'ce of iticoile 
is fron ie leak forest, as shown ii lable 7. More t han 95 percelt of'
 

'rtlitilaiii's harvest is sold oii the doiiestic iliarket. ()ther products
 
inicltide parqlet looring (11,123 ill 1979): venieer (.125.500 1112): wall12 

paneling, euical'pt oil (I2(0,00()0 liters): pine rcsin, silk, titrpeiitin,
(.102,000 ions): aiid shellat. Siglnificaill\, for the irpose oft his chaFpter, 
235,000)stacked ilti of firewood were sold as well. (l'ertt i'erliuitaii 
1979). [his firewood was sold priiniil , to rural idlitistI ies;, and as such, 
Canlot be tagg,'(d as "household [Ise." Yel, t lie fact thai residents of lailids 
adjaceill to I>rests are involved itl lie produlctill of'the firewood 
presetis a good exaillple oft lie iarketinlg aspect ofI l'telwood lpldutlion.
As nelntiotied earlier, ill areas whee strong firewood detialid exists iti 
tile tiarket, it is likely that firewood fa rtiers will sell first to this secot'. 
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TABLE 8.
 
Land Area Under Jurisdiction of Perhutani (1,000 ha)
 

Percent of
 
Non-Teak Total Land
 

Teak Forest Forest Total Area
 

Unit I
 
(Central Java) 269 287 656 19
 

Unit II
 
(East Java) 476 847 1,323 21
 

Unit III
 
(West Java) 167 801 968 23
 

TOTAL 1,012 1,035 2,947 21
 

Source: Perum Perhutani (1980).
 

A bomt 21 'cenerit oft lie laid 'i+l iII. ],vl is ItIolh+ l' iltI t i ont'Strol 

no IIl(Table 8). lhe ;ie;i lciliitani cott(ls is b% meias, tigiolis. RaIitet;, 

it restili)lts .1 Series 1!It Ches a'ross t ll ivJava -"a forestof(lShts a oiii 
l:,etve ithe l~cojile. leWt, ds oi 1ll'ltfon j, I,rclti.1i'siIllC Wirloi.iin:i 
dliret o w ith 1 . I,(.,Sills ]ptl Ji+pi(),<r.()n anlislanId 1 (j(01) l.lfth;,, +kl12, 


(II 1.cI il 
.\c(oiditi t \\ irtl ii(io1jm (198"1 ), t11 CFC ar., 2,:,72 \ill'ges wI Ii fI.7 

pre(ss:,uI I itSt. sciItt c lips odI 1i1sttId la(Is is iIicviI:I)e. 
, 

;C(eIoc_ stilrtliillliig tItc ftiw.ste l 'lv 

N'early 75 peiceii of t hc5. lt.l) f I i'tiI-II l'Sor e;Ise)o ltala Iit IuIIal 
wotrket's. I)Ivltl<l tli"IF liet'Se ts twice ispitevaleti as pIddy 

m illioi t-dils (tI l'tal J ,lhmie. 

,illi arcas 

i-ic tarIl ing. hit' tlttilia jliiipttirn dslash-lid-ii l- ;gricultre fllowed 
)y iilmeriai grass iAkeovei :all( ;IIIIIIIdl burniig is ievailent illthese 
uplalim ;lriIcN. Ait\t her se\er ptresStii Il Iontrsls is gr/iiig,hlt i inside 
tile foretst aut g is seentmitsi](c. Finallv, fiiewth( gill [lIe.hi is i stxeV1l'e1 
prAfllem, i l tiilal I\ill illas Ihllat c ii;ial inl strties (1l+I)stlv tile andsen' e I 
limestolnc Ic(ttioml) wiiI wool fiel. leak ctIitcoil is eSlc(eitlly \;ulteId ill 
thePblacksmit h\ i(histvx (IRatllrt'cc 1980)). 

A\ I'uqieiit (t't t illis iativt tislv\ it)Ull)S il tile t i ( 'i isl adt llt s 
eit her tml (o II flin alihtt lmllia il) r'OSit)S It itfce-I lp e10 

Init and ilsi[ti tiii tMImialliilil a to c()ottol those ptlessllcs
 ' ill atteilp 

iil.li's tothrough law. e'l riel'clinlth leople's use of't lhe fo0rest is hased 
om the sec.tid ;pllt ol its ilillae -t Fprovidle eioph)VIeIlet -and, ill I 

t1)iilt)ilSis lte illits inst itlt i)ltll ;icreJ)tC ice ofItheiCOIte ltIof >restry 

with a htliitilli (oitll()oliiell. 



A kvvs:miin too I'Vi appiiil(i)jhI(It is t lit "NI IA sysivilni seeking 

ill tuIg lil w ( Imt's gItav i I, *IIl ( t-IckcI cIlI pI~ v t u-e(l I IIitIIi) ;I) olt ru/ 
(goeI'lII iuI v I I in(iI I Id I Iiald ofI \II age. PeIkuI iti I I ;I s;IIIis I aI I

pakAvsculLs iIma tIli bc ulIcliuucti to a village*~Ifc miosttI ll ttoum toocr 
iItI( Xi.1 .1 t;icgis. ()I i I ttsc jt k~tgcs. Ilic mot istlt l e~Iiitttt1tc 

Agi Ivjh~rcsI 1111cs impin ~ ithliL. 


Ai( llktL luintt\ )11ii i pitmijtslisligl 0.11 livc%
c 

(i/tim .'/'Iu) iand I1veIosi ng Itmist 
I Itt'S. 



- Vicr (aCta.- Pr(oviilidig (rinking wltcr dod sus-
IlIel\I 1\ 7dIrshdCl taliltdl vaiter y1,lds lor irrig;ll ion. 
Relllilitli n 

- I Ilousing Pi oviiding ho~using III small ,.:<lllml

miNl iltit i lfIinerant iorst vo ke. 

-- ~ic' lmiall ]()1 l o In t .. l(plaIt' tsae 

ltll tiVillagts al)ir)Iod fld(l l\ i t ;It-( \it-wev(l tllorc its s(oill(Cs of' 

(()lit r~iSt ihi I h i ruesi liuraII Ittt'l toupli li l t, o thei [)st aIrt, 

bl Itt t ,tIl AndI51 lit- lolti,tlItr&liuk +o I ttltii offci>\ lp ')]h hll(m il';llkttc;Isct 1111dtIIILst;tbll ",,rolilin.l''htlliv l otai, lit tlll-c roduts,\I st o
 

eft IsFxtttisiot isiitl tld1 c I fcI tII cuettIc f Itfe1(Ig
to)csii ((t5 
,;Isilclli ii( I I t ldt sctg,;lo IIt(- tr to -itn wgInoi i (I sItti,I twe sipa 

t1 s, IAtnt ll is licd I(t tIe I cttI t u nli',t uit.l! I eo i l wood s I It it(\ioii 

illrt i li t'it(1 lIti il.IItI litis, l g ist. al o ss t w rutt i sie
 
lIl; lilil tl Ihll ii of litt
h ] si(tk(iii hlu vs. pct(lure is well 
ill lisl ir tl I ililIs' I It' s. l ttliI Sti . At ll-cts l , l rlilill tn i'SIHrx<,~ ll ll l lsI'( m crl ;tlbomt 60,)0)()0 hil (W ;i,,<lo LI-llo<'o, 198 1 , motstl\y 

ilan tc do G/te O /mlit.ii, ;(1 t t l/i,i hd orill IS. o t// tl 
[litt In l l,, t Ihfc hitculits Illst Il lI' i I-hisA,ll I..i( t,lt sg s old 


; yli l ((;lltiecssi(t]\. l+it( h~el to t .<.' llimn illitcs[nM itoI Isisc d-t pli(iet ofct;Ics f g s\(1 t iitSt.i c'~ si l IIoslt'..\ el"t 1I is (hill+._ 

illuli (lI),il (\t lils t ]iiset il it' pl'nltliti s lt a; ii 1;tsih]ti ;in ls isc 
m s l It lI tit Jso fI t l h\t ' t i I lc t-i l(it t h..Ili o; l ;ts-;1 t.liC t 

Itlie . fulihit i t tlomiti1 tl1t, 1 lt l. dIitt ii l t Ii tt -ersos'it o 
1(;lIJ , sIh w -qI )(.il rc lcuslltl t; h c IH 0 l iltld il - i-

ItilictI l l (ti P lh lli 1()ll l'r ii Ibt si V ' l itid lIli w Is to t ol 
Io .itlill I irt ,l lIt tiot. iAil lll , 'etitm il n til.moisithl irtr s,od 

gat he'rill. Fllis is ;1( ( milphlleh dl (t,mil r-cti11w hm ill hdlabo to scct thlc t ,.(.s 
1throtugh <'stIblishillcllt. 1-1rst hit I\ ,ct be(gills ;i1 t il. \ carsl , \\'it 1h eltsallne 

\ilhlt.[orsl lll H ill \(,Si n t,hc'Il~ltiti) Im .r Allv ln tn illso) Is 
l adl( )itI ll kthI ,,Is (dIp~iccetw\,k'(in ih ' ofl stactkc'< ttlttlci ", lptI +(I\ ), 
(h.' ld lig~(mI Im t;II lall.1,cllci'll"s, lPerl tltmli (o)llt< is tilte wo'od)( alt roadI sidet, 

,a lld se'lls it (1(ll (h \. i ol alloedht l,t< ilidItl ]'l I\;Ittt'tIHt hlg tIM-sal, I N 
glll)i ('l s,awll 1() ,;tlltc twigs,,, I l't lc sh \ illa A lhtkw.< dci Id l l ich Illclt
 

lit;l tu iolls,., I t'cc€)glII/cd(1 ;l~~IdIIl;I] IIght (d Ilh<' lc (sh .u .l
 
,.it' f( l• Illc ilt' l tli (111,C( SMnllt cc ho, In() -- ail tott IICW\(liltt ioll,. are<. 

It'slt'(. Ilh lh'st is to ilm\ lehdlirt-c'lIN Ill rlalsi l 'uI )lkc Hilt. pco< ti r <t\cFO 
flnrt'\v< )t l~l lld ;tl1(l sc'llillg Ihi. lPc' il.In \;Ittc wood) to) Ih i T'his Invo'<lves 
Ill'Alin ing Ill s+(..t.( tollc.t(UMl luIsI'N \ opletrations,, alnld llltng An.o\~t her is 



iHO) Ruill . gglfttIIfmfiIh.\t NIIit-l,Fli 


chisel Ifiks with IIlt gi, r II'cl (t.g., I.;Id III I II g Im I ts cIIalilititati 
Sidtl the i( ,ccilf M(mcicll Ii o ilt.\ illisti. ilt \g Iihtltu c)tlilihtlivt'
 
lt i l If s.lf h(1I c IiIItIiIt, bo wcI I viLI ge
dIttli i , tIh Ii ;lt .
 

] l"Isc] s;111 h ut-1mall Iii (I f
1 flli lstff it) illfi Icfftt' itl
 
1(1(l I til IfI (Stf tifll luc fI
f1cl cVIt llIIlIl Ad CSi ill th e lpCsipt's
 
All\-I(-(I(l\ It .I ,i , st\c lISii
li I I i IS t tf m l .];S i \\I 11 iI il ct SI it I g jii( lA I 

triI)I , uIi/-;ai 'm I III !Plc I IItll )Iusts.
f i<it(
h16,I"id Su'l Annt)tllIs I"lIN tlwU) (I" I ca , al'llltI k cI l)(hl<I St.t IIIc It )I* 
P IIl II i's Iit ,< M"I, I (A<t it"i lI.,l ( ISat I IItIt'%\ 
 '. - t~~lc'm n m I Iic
 
beCncl it's Ic fi\
lo pcA'<l hng inlilw ;1lt'llc I}(itI gi(~tt.Istillv\'.ul~l bc'if
 

llc)t"11111lt , tll t! tl1c il lthe l A.ll
'l l ic plaitla
th+its atl mai kvit[ Wk! if 


-
i. ', . ls(,itis ot( h';ir w ll cr tlicM II ItFSR Il Il JI'l inll--- pml lalixic s'll l ti k li(''',wi' k Iit \tcsilng ;lit la k

iI I Ik c.(l lm,<i lose it I(Ii\i umls wIhit
-m cyIi I I; I u i;I IIkahl ll k Ad It ;Ilhcge Ily 
Amu flllm ret's (tir<.'(ItIN nt.n. I italh,tIlt'v(I he I Sindl scHl 1(t)mldt-t is (he
 
(Incstimll (d w.lthe~lll< bct' spctcitcs mu~ll
l l ilte silk htIhIlv-Sl tt.chiquells
 
I]IS\tc ;I(, Isi t'.
hcctII(Ils IIIScIIh Xi\,c 


PcI'Iht 
 lli's ;,ln()<,u 1 11 "p)plIt', p;aitui i;l im)l(1cf incts ;Iplm tcdtIv<+
 
thiat w,'s diitne< wlilt 
 la Iis;n)l c'lil 

cflc. cit "shm dif ul A tW '(I ()i s,\ l ) 


()fIl.t cssflN I lt Ithan i I cill Itis, ill 
t+ l-t 


C(tl 0l l a Nvh a l( m d mh% 


c' I'll wc 1w\ ) p ns.- I I lilt-S~cll cVts 

0t 1l uhc ndt h cl\ mla p~lblei,\%ill ttlhm~t~lk h l11hwlile
 
II-cl Ittm v,; <st I('st I( hI ,lltj P'cl'I. pl cd' h l, tIaSn a;s 11111chI
I I ( fm ItI i n \;I, lIIIIISIII 

;is.Im illim stac k c d e'r'tlltcl.,n[t ld b c I c(, mv wdtt l kl
l s ,t ;m i n 
AnIta s Ii'slSiISb c 1;Is is I I AnlI > l)l I S,l r itIi I (IN tl its I I I h,.I I II tIIStIi~t IIgst<.' 
CIIImlhne II I() I< 3u),vItA.ItIS m illholl pl swils ill tItIl'alarc's (\%'irljot(lII-;u,!jot
 
1 9 81+",). 1 1 1h c'sc+]) t i s arc c\ m ,ll\ lce b ct
c IIll li Iu ll il d , it w~ mldlt a 
ll lci t lchic I(\ltIllI.
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10 
Financial and Resource Analyses of Anaerobic 
Digestion (Biogas) Systems 

.	 ichil "1'. Santerre 

INTRODUCTION 

.\naerollic digesters, also know ,as blogas Ilillits 0" gobar gas plants, 

,I1"(, versatile elergy.lid waste lll lligC21ellt SVsteiiis that interest lie 

C'It'rgy amd rural develcpment comuIIit' )CaIuise of fMt possil)c In ainl 

benefits. 

I. 	:\nacroldic digoe.iers Iovi(Ie t clt.li-hlirlitg itcl (biogas) that 

c(i I Oidce IIcrgv o)r \ ,rious IhIlest it. ng ilt IraI, a il ot her 
rural tasks. 

2. Anaerobic dligesicrs of1er a iialils to olIsCrv'e the lertili/et value 

Ottle hitroget res lt'1 fhiwst ic ,lrdagricu1 l residues,in agiht 

Sinc liiling,stoting, ()I- (.o)!ii)Siilgwastes could resuh in 

higher iitlogeil l)sss. 

3. 	 T he )ltysimichinlicalt'ivji illiclitiiisidtc ai ,iloli( digrestei 
cali partially or coilltletl\l desti.N Ilie hiuiiiaii or animal parasites 
Illd pathiogCiis ill ft'cal IMaterial aIs well ;Is seeds of weelds iIl 

animal tces. 
t. Widespread use of')iogats plaits ill riaura areas ofdevelopiing 

cotiitiiescould lessen defuiestatili by reducing deiand for 

firewood anld could ill ilance ofl)ayientS(0n1o(c iiiprocvl 
ill soe cotlries by' reulting the demn d lo pet roleutii fuels. 

Biogas plants are based oi t lie principle ofimaerobic digestion (or 

anaerobic ferinentat ion). By t bacterial prowess in ;t oxygen-free (anaer

olic) erv'iroililelit, organic suil)stlllcs (e.g., carlbodVdrats and other 

materials in duinig and st raw) decompose inlto Iiogas a1d a mixI re of, 

residual end products. Biogas 1)lalls act as air-light onltainers fol fer

meliting (long or oier orgaiic III.IteCii;ls aid watcr that aie f'ed into the 
f'ernientation pit through a fCeedstock inlet (Fig. I ). Anaerobic digestion 
by bacteria occurs iin t lilpt. The biogaIs bbbles up thirotigl the watery 
sluIy and iscollected in a gas holder. lhe gas holder operates like an 
inverted ctip floating in a basin of water: biogas collects in the holder; 
which floats ol toloft he slurry. 

-115 
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TABLE I.
 
Biogas Utilization by Various Appliances and Machines
 

Appliance or Machine Biogas Consumption Rate
 

3
Biogas Lamps 0.07 to 0.17 a per hour 
for equivalent of 40-60 watt bulb 

3Electric Lamp (powered by biogas 0.03 a per hour for a 
operated electric generator) single 40 watt electric bulb
 

Biokas Stoves 0.17 to 1.7 a) of biogas 
per day required for cooking for 
one person 

Biogas Refrigerators (flame operated) 0.4 to 1.2 m
3 

per hour per m
3 

of refrigerattd volumme 

3Electric Generators 0.45 to 2.0 m per hour
 
per kilowatt of electric power
 

3
Engines 0.4 to 0.5 m per hour per
 
horsepower
 

Vehicles
 
3
3 ton lorry 0.35 m per hour 
3
0.5 ton pick-up truck 0.19 m per hour 

Source: See Santerre and Smith 1980.
 

liI'rat' ie I ess (fIbiogas sst IIs will (I el)d very ItIIucI oil tIle illagili tide 
oFII lese SavinIgs, ;is (Iisc[IssC(l later. 

BCsidcS poctt(IIid Ibeli Iis fIomI I11ot having I )Ill. II.isc or collect 
l)ioilIss or Ilther futels, hiogas is ,1 (leanII-)iIrinIlig fuel ht cali IlIr()ve the 

kit(- ell c 'ivironllentsiginif icatly by redting sIinoke. The sinoke from 
)urliIIIg firClwoo(I or oftler tlpes oflib1oI ass is Iholght to Ile a imijov 

I lea Ih )II)rolelIIfor wit'I ill lt- chliingIies (dOilvl (Kirk R. Stit h anl 
othersI 1983). l~vcstigdl it IS arc rw ,ItIcIf (I)resetlI I, IiIo ilIMtl)t tilaII
tify the exicnl oft this plobleuli .11d it tln1 Iv ithel)ci'its lhlal culd 
rCsut iI's inokc-ficc coking (-\'iccs sIthI Ias Iiogas stovcs are adopted. 

*l e Oleell OIII p of ai ( igesl(l' )rl0(I1It Iroduct r i is tIle residue 

irodI(.c.l from I the I),ccri Il degrdhtinl lft h organic ftc(Isiock 
IIIat riCiils. lhiIs ICSi(liic, ai lilivchr Iv I (I ligesIcr resi(l uc, slu(ge, 
Sh i'II 'N,Ct 1 lel Itl, of-(IIgesil IIui't I ' )I.(lo; IilIIs \allionlIs Sof l et an d iIIl I ~I-
Hel in(orgaulic; silbstlliliets, illidelttiliip)ose'd miallii matiai'~ls, htunius-likv' 

silbstaliit-cs, aIclteria cells, ;l(l walter ( Fig. I ). I'lhe olliposiloli aliid (LuIn

lily of, iesi(11is difler fr)nt lhe oligilial lcedstock inaieriails (Table 2). 
)uring ihc (ligestioni pinitcss, Ile Ioldi solids (OICiCIralion dlecreases 



TABLE 2.
 
The Mass Balance of Materials in a Biogas Planr
 

Input 
 Composition
 

100 kg cattle dung 
 16.99 kg total solids (8.5%)

100 kg water 
 14.16 kg volatile solids (7.08%)
 

4.59 kg carbon (27%)
 
0.29 kg nitrogen (1.7%)
 

outputs
 

3
3.55 kg biogas (3.4 m ) 60-70% methane
 
30-40% carbon dioxide
 

196.45 kg sludge 
 13.34 kg total solids (6.67%)
 
8.89 kg volatile solids (4.45%)
 
3.20 kg carbon (24%)
 
0.29 kg nitrogen (2.2%)
 

Source: P. Rajabapaiah and others. 1979.
 

TABLE 3.
 
Changes in the Composition of Nitrogen Species During Anaerobic Digestion
 

Percentage of Nitrogen in Form of:

Material Organic Nitropen Ammonia Nitrogen 

Cattle Dung 97 3 

Digested Slurry 82 18 

Digested Slurry (dried) 99 1 

Source: M. A. Idnani and S. Varadarajan 1974.
 

sign ificaiu iv Ibecause soi5lto the fCedsiock is colverte(I i Io lbiogas. 
Notably, Iiloweve; Ihe (fIaltitV of n it rogen ielIlaiIIs ConstaltIll Iring 
digestion, it hI IIloiglIfIitogei Co I Cil trtioIi Ilctlese conllpired to IotalI
Solids beca'll~tuseolnt' Solids Ilurni into(b~iogais. 

All iImpo)tant changeisIle ctO Iielsiotli of 'a J)ol ioI oft he ni IrogelnI 
ptreseul i It orgtIic ft11 111inohIorgatII itIonII I I Il iIIrogel' (l'ale 3).Althoughglillolllitiililrogto., is tegareld as lbeitig iltore rtolilv .lV'ti]:lle 
for lptake l)v Illilas, ilinonlia is a \'e'\ \oltilc 161n111of I1ilrogenl and 
c'o(le lost tal h' Ii'illV illlie digester tesidtes ;le stoe(l iI opelti air 
or dried pior to)lSC. otn the fields. Thus, liet'c gi ti( liii ogelt probably is 
the mo0t' iiipottaill ft11 of i1<lgell pieseut iII digesltet residueIs, Since 
those residues will dec'ompij)ose I hier aftelr belling )plied to le soil and 
thtereby will be available to lliltits ill fti Saie wavlasa tiilte-rlease 
Ifrl ilizer. 
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TABLE 4.
 
Effects o ; Crop Yields of Digester Residues 
and Other ilanures or Commercial Fertilizers
 

Grain Yield/Straw Yield (grams dry matter per pot) 

Experimental No Wet. digested Sun-dried Famniyard Anaonium 
Treatment ma It r e l tir ry di g est vd manture sulphate 

(3 124 kg (0 124 kg ((J124 kg (@ 124 kg
 
Crop N/ha) N/ha) N/ha) N/ha)
 

Wheat 9/13 10/15 11/17 10/16 14/20 

Harua 10/31 12/34 14/37 12/35 15/41
 

Sannhemp /93 /107 /117 /104 /121 

Sou:rce: From Idnani and Varadarajan 1974. 

CONSTRUCTION AND OPERATION 
RESOURCE REQUIREMENTS 

e 
al)plrOl)lit.tcilss f10r ,ltl'll lve energy SySttmSI has beetl to costre a 

The 1)ulll)OSC (f ict't-lt Ctll 1)hilSiS )tII tie (lCvch)llCtlt f ill(Iicators of 

letter lnatch ofsuch sstemns 1o tile le (Is tll(i resources of )C'SOlls living 
ill rtral .il.s..\hlughecollotlic ,Ill(I Iil1 llvCiiI arC vierylibilt11v l.)
aillt criteria of suitabillity of ell-gy systelis, 1)t litI goa ls sti(h as alleviating 
(Ilt0icstltioll lr ills of rural ;arealsoir)ov'ing liv\ilgconldlit lpeopl 
i mpln ilt ('1lYii 'ia tile sIllle lillc,Ill.ey ar (ftlldificulh toapply inr .. 

'olvelit iolnil enli antiaXvsts (Sllilil a icliae 1 illttrre 1980). 
(Oneo Iei of apttlprmiiteu:S oo rucntwale eellergy 

SVsIeIlls is Ihat tIlt- lnuohgy 

x ai(lllV 
ill the ItIVI 'areasas far1"aIs possile, So that ile rillil incomtle reimmaits 
withinm the rl'ura'll nels ('i N I)() 1978) 

. . loils h t .lilI(. elllgy,hullll d llf lliateiial resoiurccs 

Such tcchllmologites, R. I. BroWln (1977)largues, 

... wo l het l;1ir.\ sillilIcaIll Ill~tl~ < [lsed(, lnalaitlln.d, andl~ 

repaired onff lift Sjioit willit gitl (hl)i'x(lei(.n. on trallied Itnot-elIi-

i(S ail illllt(l lls.tld le cou....be molve e;Isil\' Irtileld,
 
Stl)Ce\isii( ill Ii lga .i/g lhl Ilie siu loperaltiot
11(liml ler, alld tIl 

ill gellelul Wol(I he gc;t(lI to ile((lilpm litls of those whottl it
 
Seks t) hi ;t111(1St-I\(-. 



12:! tutl h, .\k, Dt mllr lcclt h 'cni Nccd' 

II tOli, section, I will )restnt soine olcl rteslts (ii recetit wori'k in 
examiing the use ofI resourts lot"cl|st rutcling aid olptett tug tlifltrent 
types ofaltterofic digesters in (l, 'clofitlg cotitit s. 111 itifOrniliOn is 
tusell l1itvariolus purloIses, ilcltuinlgt (a) (oiparing lctlewalcl.ierg, 
5'; StiliS to lerttitlille which devites ate I tlc Ilst 'loaprorialtc luor t
sptoc+i'c rnural situatio>nn based onlhcadlk'\'l~l> r"-sounrce.', aind (b) 
assi 'thll planners ill allocatting dc\cihlnllclnt rC's<tlrct~s to unlili/' thet_ 

resItStnccs o1 a1 c(otil i-v tI1st saliiclol'o]V. 

Rcsootlc" acc(llilttinig tcfhniques d11 ltltlilcetr' limittions, however. 

Selectin g a flioats phmt oWrOt l ll'Fgv s stIl Itih(I IocI he jIIstifiCdjust 
becttItIse ilI rel Iies oi foc;Il ', ;tI il I e iIIttriak 01 1ist l's oftia );t1rticnl; ir 
resotlIl c. ,RcPc'tiIIorinatlioit I Il (hu li5I(orscoi tlls point. 
A t (Ihi I -do[ i (II rchl loc) lg -( ll tr.S hlI'vil'h'IIIclest. ;tte tc n l inltite
riaIls and c11(isettf'r, St lplicsi'.of CClIIlII1and steelC \;cVOSI S IIll(1982)
 
poinl' oul thlat Ill v oftI let(digesterstcot , It cdIc l ( I tia ;Ire v'cV
 
lthticlialble andal olct+n tail ill t heir second Y'ear flopeititionl. Thus, ilt;I

,,Ites Of; 1ppropri;ttei ss IlIist i I ItItI In( litl ilvias wtll as leslllrtce ;nd
 
ot I Ier cr'itI_'rial. 

In order to comupare thiere's(tnce re quirements for diflerelt types of 
energy sste is, t ie It,;nitity of resotrces sltuld lIe indexed to it standartd 
measure oleneigv prtoduction ctpacitv or (litptit over ; specified time 
i'iterval. l)evelopment tl a consistent s'stelts hoitidary also is neces-
Sarv to elslre that space and tinte elemtents ate eqttivaleint iti reSoiurce 
accuftng ft' eauch energy system. With the 'LIERI (Fulel-Li iked 
Energy Resou.ces and lasks) approach, fbr example, the quantities of 
resou-ces needed to construct a biogas plait are indexed to aIfixed energy 
output: I in' ofLiogas per d(Lv (Smith and Slnterre 1980, Satterre and 
Smith 1982). Flhe systeit boundaries used in tlie I"IERI' are)ppro)tch 
defiPr2( Spatial!.' by the village bondatrylt, althouigh this bxotndarv is not 
lf'fined in rigo uts gcogrtlphic terms. lot cxaI.ple, tlthliogh tile Itiant
titv (t cr1;wctt needcl to colslrltct a fbiogais platt is inclhded, tle qunitity 
ofenlegv and other !tiesourt'sneeded to Inililtfattntre tile ceillent is not 
accounted fIr ift f c cement is manttuifact tretd outsile If the village area. 
lhe temlplloral sVsteIil houndarv deliited in the IIRI ajl'pprotch begins 

with collection (I local c(nist rt(t ion11iatiteitials +llodends whet tllc litetihtic 
ofthlie ellerg systemnltdlls. It dfoes not inclnle resilltces litded 10ot 
resetcith and orvcltl Salvage \;tithe ilcrtclit forth ittcrils tt 
tile ceid oI the systell's lifet ime. 

lour exallfles olt lie Ilse of conistrulct oiltcnitls and htl>o thteb ltt 
installit ion of rturesentt ye t, Iles o biogas lahts used ill Asia are 
entmieratlel in Tal~e 5. lhtc svsttlls fhulidltrits in this I"ERI" nTalysis 
are asstmed to be equivaletnt, tlhtngh certain inconsistecieiis itta', exist 



TABLE 5.
 
Use of Construction Materials and Labor by Four Anaerobic Digesters
 

Fixed-Dome 	 Floating-Dome
 

Circular Pit of Brick, Khadi and Village 

large volume/stmal11 mtitlm) danata Industries Commission 

Rated Capacity 
(m

3
/day) 2.0 2.8 2.8 85 

Quantity of Resource 
per m /day biogas 

prodiction 

Bricks (#') 400 890 1,000 560
 

Cement, lime,
 
plaster (kg) 150 180 270 140
 

Iron, steel (kg) 0 	 0 55 32
 

Sand, cinders, gravel
 

stone (kg) 930 3,000 1,900 800
 

Labor (person-days) 18 15 	 not not
 

given given
 

Sources: Santtrre anti Smith 1980; van Buren 1979; Singh and Singh 1918;
 
Sathianathan 1975. 

Note: The notterials and labor for installing the digesters are reported in 
units per m

3 
/day (,f installed biogas production capacity. The capacities 

given bere ar ither as reported illthe literature, or based on average 
bi ogas out put . For calculations and other assumptions, set: Sa. terre and 
Smith 1980. 

ctc('llSt Ihe tl ;i t iltl it aII %[ost t.xistelil sou t lreltl",te su Iv. 	 'esd(.(111 o() 

S!)t'(i IilIlh to whitl pIN1 sicid pallsI-II tlc iiotils systclll rtciII(Iitldd ill 

Ihe l'tl)h(,tllt't(ilta or whcthcr hIot, fll ill t e.wc, illileh l ;c iltldties I lie re

lired Ito(lltt) hk lllahtt'iAls stil ;is sitl aind ( ltsicd tock. The 

;aaIvsis. liillet icless., illtst tlesI litc v.lFVNtig (it'g.lhees 0('1clw)eldelcty of 

(iltlecnll I j)se o d1 hot! ,(i)I tiotlhota.l csoi't'cs. hoaitilg(iiet'slcts 

dolhic (lige.slets aelitc (11;11ily of s0tel to fixted.1sigil in;itil Cottipatn),dl 

hiottie hlats. aitbe ,ASiit itliiiltes ltle [;irger I
fltc floaliig-dtcie plallt 

t'h, 'i~g ,atellitll ,(i)l()illV of st)I iu tll e l'he ble doesli ofiiitiills. 

ilto ittluti tesolitets liecchl tr0t gas .llislittrr (list ril tim. l'olloiies 
(dt stlt (d (ih)ItlitV s\ sttils (mOIhcl It ,ufttlt'ucl bN Ihic s atig of dwell

inigs tll lic (lisl;tintcs to so)lhtrtCs (f diig )rfitlls 1tetciviig tile tesi ues. 

Coinm ai ison ,)I iIg;is sltelins s(Illtt'g illit l ht lstlsing rit ;ic ilig I siuch
 
;is(he F"I 'R I"lililail\sis ili~l iliOssiliiti,
.slilouldhet II1l( t'duingil t 'iill 
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TABLE 6.
 
Conversions of Organic Feedstock Materials to Biogas
 

Kilograms of organic material
 

needed to produce one cubic
 
Organic Material meter of biogas per day
 

Animal Manures
 

Cattle dung 12 to 32
 

Horse dung, dried 3.3 to 5.0
 

Pig manure 13 to 20
 

Swine manure, dried 1.8
 

Poultry manure 12 to 16
 

Human Wastes
 

Night soil 14
 

Sewage wastes, dried 1.6
 

Plant Materials
 

Fresh grass, dried 1.6
 

Maize straw, dried 1.2
 

Flax stalk, dried 2.7
 

Wheat straw, dried 2.3
 

Rice husks, dried 1.6
 

Tree leaves, dried 3.4 to 4.8
 

Weeds, dried 1.6
 

Sources: Chengdu Institute of Biology, Academia Sinica 1980; ESCAP 1980;
 
Idnani and Varadarajan 1974; Rajabapaiah and others 1979; Srinivasan 1978;
 
van Buren 1979; Singh 1974.
 

1 l h o-re ( hilcd to ()Jptr;' a thIsehI(Il biogias plant varies co~lsid
erahly ; Icc I The lhbor inI)tits ar (i) collectingrliIg tot le lca sit Liatiohl. 
organic t'cc lsce I ihese materials indck inaterials and watcr: (b) prepahring 
addinlhg tliii Hl IIthe lrlielnha ion lit: (c) rellovih g (ligester residues 
hioi the pltill anld ot1her activities associatecl with St-rilg,cotipostilg, 
ortI anspn i tIhe residu to IctI field; and (Id)ionitoring the biogas 
)roduIlntitl process., stirrihI]gt lIe digCsteu; and olhe ;hc Iivities. An hnpor
ta)t conshideration i evaIlating labor inputs is disiiguislhig )etween 



gl')SS iiald V.il r t'il t' gs.llc gi neSslitir l t'tIui lliills leSimplyl] < ld all llhmr pt+ rm IIllI stilS 1(')I.'l t i i ', (a,)Ito (d ), p~lus tihe+libm)r 

ais t iut .I il1l.I il htIsiS ilcb i ,s. Itt t't I ibim 'it,i littilllti llSare ilt " . l~.()SIv,-' Ill cil~tils iililis (hct Lihm tlIt't fill activitie+s Ih:.l arc' ,,< ]<migcr 

iettl t'C tiItl 'iig tia lit) c illli d. ..\I. c'xl ll ,lc Sc ll.
 
, l ,i 'hi li
it tilii li . Il cwd)(, tilt'tiigili. ii I hcw ii lht! i lt 
, ii s ;1,tlli tl , tll li kh\lt Is -Itii l di itit sIt it it't! i'smiihi'ltl0 1i(filhlm is. I I till-c w lm <d Is bc m'i. ( i h ttllw l h wll iw' Itiimi(tMI lSM V~t 

ilI ht [fi5t' l ,iii. lildc ill ,li l( i ll(. i t. Ii,,i. w ill still bc 
t l s\'i(it'iil lidilli rset l ett).

()1lh t a',lt sl+a,'l lsl 111" hc ( il~idlt'w' \\ ht(, ailihk/Mg~l I'llmli iIcctdS. 
H l'hM I<,i, l< ill h;,mll ll,, itidI i I-;li m m wliidlilt l.. ditclls mig ht 

dif l.r Iitlil fit, (l,; ilit\ I il I ,!i~lilw~d %w<Ic. p , \ IMl,,NlN hailLdlinig atiim 
fra:,illIm lil i, Iml~ i wlip '[ Ifi li ( Ill Ic' litil,.,. illi 1i m, isc']mlld (.(,ilsldtci'
ifig4 It'cph(i itig i,,l g lm fb It, t I (' ,i(llit'-.. sm ncli iiii ml illi,lm dli/cI N \\ 1h (li.t'ctIc, 
[rd~I,;<t s i,,iIIlbl Itt )lisil ((l I. I )I,!,,c ltic tics](hic iil(' pm-ii I il ar tirI lk.\ 
Im ll id .l ', l/~ . FMl 11 kilhi (1, 1tMlsildct 1, 1 11 li1l. I~lil.I'l w';lfls , Ill ;iAl l( l i lmf', I ll ()1 hcwmFScro INLUNCN VIABLITY\1l
kgo itlilw ll , ht. ,,iceds 1() 1imiii m I<i l,, pp ()ill %2i kg ( ,mi il t t, ill/t.. 
(),f li ilt.i ch ~ i di~. Ili(. iplli ili, (dl I kg( i f H l !mitl ll (~ d ihlc4ti 

w;,lc.,v 
wi I i 'lld it'csil' tc"idltits I mldl l m lle 1iht,., lit, I,-I l,1spmil ' 
illid aplpilic:,lio,, (,1 lilb mlil I60 (I kt- ()I sluir,- (i ) l~ ! k( ()It ilril id r sid ~its . 
(Sce't I"lbl. 2.1 (;]tiil, thk( If( ibm tt i l wit ls 101t Ih 'sc. ;iI1c i,ill o.'s w ill 
litll''Cr ltWIS~lab:ilN, I,,lld th ,ll , hmlisim,~h dhsim)il c)isidh'tl.;11-.t ilh the 

!:ib milIl,-ii ( ill,-,his f l,,cI~t iI,,.L ;illd t.l1ct-, N I l I/t.-itr~it;tlilmls <)1 lis .lccS. 

FATrizS INFIXUF.NCING Tllt VIABIL.ITY
 
AND BENEFITS OF BIOGAS SYSTEMS
 

Ih l (11111 l ()I tt~~l RItl il Ii~b IlclIs a,, l+l(NS (dl hl gs plll]i s calili.c a 
lI rli(,,Lilhk (lt i1t1ill l;Isk, 1;111N. \lic iti 1, \ lil, c ,pl lirc iht. t'sscl',, ( I*k 

tFa him s 1; i ,,tf ]tI(.tit r' I] h ,\t'm.,l,,t.,,l (I(.(tisims (d Il, ll i1m i imIds. I'lite 
t pr'ilcI),dil bhil,I i lliiiis I he. ; ssigil~ l iill i1i(mlilllV .;illts 1() 1hct 

l-im, Is an il (dl IliaS;Is lamisl 'lid I() 1the. cslT. l(t. ft' ,i l l l h b,, Itiiths 

I hi . Sll.. 
A\llhl(t, ,il ig.ll l( tIII~ ili ,1n mlmlill ,i ,hasc+s 1i;l\t. Lec+.ilIlam c'( 

,i tld ()I1)i()g lis pitis ill (h1cw hy ll, I ()lll~t js ( l1m ti K.. I;iI'kh atndl K irkh 
S. Parlik , I1977..,A t.!4, l 19177, li i,, m wld ~'l 19tr. 8 ).. ,,ih id ). 1);t\ Ba,,'t 
F:rencith 1979t~).x, \ tiv.Iw(dlIhcSc.sli il].,, Ilia,\ ' lly ) ;,whcd I heir pli-lic-illir 

analii Nis ,,,fl I it. llc. .ct I \v+()I i-,tl ld Iil i 
c'tllsidlt-ilin Ihlc (Imi-lst" illigt (d1 cli, l 

I Ill. I,,i ], illsc ml i,~ + whilc+ 
p, liccds m l"< i 'l lliimis e'xisiling 

iil ,uralatc+li,. Nt'ii hc', hav't t ht'N iiiillt'ed 1)chi I~cit lhc \\i",Il.r lgc' (Id 



ct 


p cIt fi I l '- 1,li , t (d '+loig. s I , i I. t n.
 

lot ,t,,\ ,lls •ts..d~ c:Id mtltM I'pt ~le b~t a Ivlc i tl~ t ll ;liltvs dim~t' t;lcs of> 
i s ll-l;i IIt q ) I t S. I ) i ;l I I rl l Ji t 

Ittltgi otfItIc c)ltp .'+,( t\ ;111( + I IIllIIf I N il tl()Is lil.I\, ',I I, t t
 I' I la m um -Im It 


kn'lltic~ i.+lca h'~ a l ' s llc
i'ti, ( d lm tll ', +t;ll il p Itl\ ", l'Ist%.]l ',it(cvs,.. 

ml''•tllt;II(d llt.(11 l l ls it '( I I ill ,l",•t"+,•ll( l1m \ S 1 1\1 +l t'",tct 

htrtcs \ Itl . ;t~ lt.l M ) I slit,; ' Is hll,] Il 1csIf\( t l •I• )IIIi 

]lN i il() m~I,l\ llcst , .l c ", li i t'l ( , t' ;()lld~tI t.l( l .l.m -s't . I lI l' l,,,, (.' 


httt','hm- •t t tll l• ,, ll~l l• wsc (msl ll ANlt it I l>It ,,.
1 tmIN i1p d Im it+., N 

I~tt h lltl l(), l i mc-, •IlIl ( )hInI't+, A+\t'tl ig ,+.Ic( l I~ II ct I.tif II'.t",tc 

(,"u moi mtg ill , 111\c hrcill .ll c c • f" IIc' ] s p,,t I l"' cdI ", ( mli .' ,I' if,(., 

I t ;II ;st tdd t'tI l t ll Ilt k i s h• l ,' ikn i.,I ll ,t ll , 21 wl ll.- I t I II g ifI ( I fll] t.
 
tI'l ) t'lr, > l\ I. I i ct l(i,.'- A c ts (lilt's)~~ 1t't
arc ."1 l l un l >tt -it 

Biogas Development in China 

ht llt (t hiv digest Ii w( 
lit ' e h lt , 1 g iIt + I,, iiott 111 I(1970, I llit il .<+ l Ito 

HIc lt-thy i d All Acn t'lltl(hI(g' ill (:1hi1at It'gatll ill 
Ic19,50 tlilol~ lintli <. tllM -is betg.r 

ga;l lltl ',,lc(t'1.hc it'I he 8' mI llit> L ,1 i b ill lw~t tncl\1+It .lt, d tl ll~I)Swcrc...

197 t~ 97. , , ho )Ih.1 goli fI t 1 7011lu
m i 1 8 m i lt m , f h l'i~l \.;I"., ist ift. 1ill+l 
tilnlIb\ 1 9 -5. I c tvts1- I ilis ,.I'mcI.I I mt thk.1111d i1 iN tht t(m . d ( ( t t(1im is,.idl 
c\' icitll lI ~L~tc1 \,illlit<l lI\,hImI S;)."m mul1I19hal Itllsi. bct t-It I , il 198 1 2). 

IlU Itlt(- tuiill ;t11l)csl~il 1,.( t-Ill (tl I IN, i 4 r+hyh lu nl I (:lmit 
(liltifI,, ilil I ', ,cIt'i. t'c , PtItc 19 70s \,, ,tll 1, '•lIi.lh illNil lhim+i1(C. 

,
..A l i l 711) lp tl t I l l ' h~iti 1 1. 11 N 1 (: l 11~t~ 11 1,1(t it' 
' 

( l I 1 , 'l Il : , llm lit 
30( fit3.5 ]pcIt I t Ir III ll l ,'t(l)h 1111'. h l ls,; s+\ ;ll 
hliglk (ti ()ml tt(1cIll pi bct(.1l"]tc Ixt\ I II 

dI Il, lI Is}nd s 1,1\tc stt'It 't 
cl II I I Il• ()Itlt- ''\lit(r I1N It-'ll Ik\\,If 

bc(t 11 if Itl I l~N~), I \ ". it'\tI ,!! Il ,t\gu i111b~h, I Ih()Iit I 1 I' ll m t 'NI 
tv i t ; ,t I"( . \ pI.1411 t I \ , w t . w ("i))ll,;i l il', Im s I c, l111+h I l ,(. ',r, s l, 

' 
f (-.u;rI Iiit i t ii iilm id II( i ( d l'l,, ,1~ d l,-c s'v hIk 1! '1 I I,- i.lUl<ls i ,1M 
"+
)t() igll ,)ll\ i( l ,11 ,it 197() b''2' t'llt Ittt'w il lb i 'l111t t "..+ lll ~ \ I llllm p 



.128i IRccA I- icicg%nc.\iccc i~cc~cc~c c 

and js p 1 (\;sItIIc iclc 19itil 0 t.cicipiicl cI ii 'if(1iigc Ill I ciso ii I IIigs 

is[t Ii1111 Lii/ml I ieli()I) jcps (dc m.,i A~ i £c ll al 1c ii c-bigtd-fe ii:Imiis iisii 
i/tillo - ile J 11icis 11111 cIi ell icc, II(ma IlI) irtsmU) 6siii 

tiltigv (i de ts i(I] (I wI "I I (Ii Iii ( ls II).ii ilig i h I I,\~ic )ciiIipic kI ill 

asIilitd i S ()mI c i hm .11IIid 11i ["IiIIpIc . ,c. 1 a~lliiiil l Ia cii ItIh ItI~ 

e(eii c ;Iic ( l l &I isJ\I I 1 80) 1ihiimIi ] lli cil c\ilpils ii(iihis 

I ii I~l li i fii1i Icd;Is~ 111[Il (di " I'st*1,1 iicd tiim ic. tll(mI hi I ti 5 m 

lc l lc iciciilciIci, h1ii~i ti t" ci _ 11it i1t] hI Ils iId.Sksl c s witithii dci itlhi 

I/Vd(1ic ill II lr piii11 cli51 Is(kIc .ilL (I cc~k hI( w I S i h IIi 5(11 
ihihil .4 lc I i IIIII ;s t c h) il )cIIiiii 1i I I .( c I) ~~II IIc w a~ 

Nah i [list1cH il Ic i ;ii I(c Ilapci ibc Irsc (I 11 Ici icic cI I t iiac( lu 1li6i 
itil licd Ii cci. ,iiccl1c1 Ill cci 'il (cc)m ililiiig,11;1111 i d c (I Ijiic] l ti'C I (.1it I\ 

iillIIs tIilcIcIl c di llii i iii , icIII hc us1ic11c j I m aiipiji cii I (S(il.k 

imlihit i us. hict iill i cici i i lti i t 1iciic1iitihts .id ii.lit~iC 

Ith~Igcim Icl iliiii/i IllShcillicllii (dccici sis. fF0111Iii). citIciiIhi ch 
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(mn 11111 boL1. duigeli .\ I (k'irk R.Simith)P Pzly'-Mall ixe'd done,Po lid/Wlrrr'. 

Sicfhuaii 1Proviiitc, 161. example, issifld to havt biogas offices in85 percent 

of its 100 counti cs (Islam 1979). PlI-()\,i art' siI)ICtciI big;ts officcs_ rsl)t, 

for (00t())diItit)g tese;IrcII piogI-I),IIs, II)lishilg teIthical andI tI-;tihig 

t aIs,c(0)I i(,titg will) t I t.r bht)g;Is o 'f.iCIaIIt IIt s, and IIloobiIi/Iog 

I'CS()IlI'C'5 Silt as ] is ()1' ll:ii " ilhcv('(1151 ll(1'n s,lot)CX+iiI])IC, 

(CO(Irlhlaie specialists it)the areas olsoil ;iil ftit ilitc;rarchitc:t ire, 

i (.()l)ioh)g\, ;aln w het(I liscip liit's itI order to elIstIre a t horotIghly 
integr;at (def 1li (Islat 1979). 

lBasel oii tin. t li i i t ttiotI ,tv;tili )Ioli I)hiII sI , itIin lrtt i tIj e 
elntrg specialists itt lthttt tit ties oft,'ntha ,litulied to) regard htc 

Chinese Iio()g;Is ef1 IrtIIIote or less as a parad ig II of sn(.ussfll t entgv 
dc vc. o()licI I I. Mon)tcc ao'.tl Is,I I o)\cI.,'l tha;tlo(g;IsdeIII ot I I sIIggc(.' opll

li IcIliI-)itIatr golI ttric growt Imeti is slIov,'ing down mtirkc(Ilh From tih 
IIIes atol Itat scv tc)t))l'lIIts inil I he )titt"l i n I iliitr itv aiitd 

I gvi yIof ,iim Nv()f,:IIII's (Iliges;tIrs., 

Atlong IIhItc cXplaI lot]t',()flteofdlt0i Ihc.slowow II is ihIe gc ttII 

rel.xatioin siucl. 1978I o)f mu miotittan oi'dif Null I .982),with fe(,weritog" (, 
tIUass CO)IIStniciott caii(l)aigits. Rura l himise Itol.,Is also might )e gaining 



mtoreit Iliit n mitlX iii ikiiig (Il-isif itsifffIlItfie ;IkaftI ioit ()ftO ilt illic Ilild 
wfIlid es I il.5(fS alii ItI igII he1 IlIif I g Iff~vlr i tiIIv till IItsII I;,[l) widfhl
 
I I cIII Ii tfiittw ; ItIII I I (If - ;' II I
Il( kc IIll f Ihfi(g ISp a S I c iI cliStI
tutuIS a I h I f IfI t I (dff iim ftil kctiih hf iat11cia Its, hf 1ini i cc, a iii
 
high s;IufiiiiIi IIih I . iI(Iil.'. ',t( 
 fi as' liici(I ;ju1l eggs ( W wrti hfaf'viici~\ 

arfisenf 1cii fill fIl;ItI (IfIIcII ()ii Ifffft I'llc(~(iticfttI I isc'
 
citli'i me ftiii( t-
 whfic. 1milis 

Ililt I t5 c-ilI 1(Ig (I i')f\cfffl i Iff I cd 1t
 

dg"afftc (I a Slitd ffLItI go ff(dIlis 

aia iffl fit ; Ilc d iges t lff he It 

the i fint
lff " i;i tfi f(fil thel (Ifgi fig;l ( fiwhcit].fi IlIf I s 

(1111it *ii IfsItgoI(ItII l iI ( hII ( f stio IIt (ms I-t 1)it I II8I ()d IfuWc5 

()I aIll fhe Iuic;ai llMtit I t iled(~t Iffi I if I !1 ;9, ()Ill\ *ffbfll5, pef cIl wrct
 
fliclioiig ntioiii~ff 
 (Sijil 1,2. llvii iti1iiig tII~c filtitioftling fplifis,

111o1 tWf, Il1,11 (.1alf tditi I liscif If 
 ( 111k iff- tfitcc I inics a (LIN, still less
 
C\CIY (ILI\ fM'1t III )ifS IC~lif1982). SiI slggcsts iat aotIl eIikclIv
 

IMIIiIIIIofIII Ihet IibiltI I2 I(()lI IiIf i ttic'f) tt-t tNf 

t~t f iii(. icI i wi t i ll ff25 fli dutIcf f 'ifSc - is haf cm 

largo. I, lSS. ( )pcI.;tI Ilig oIIuIi s (funmiitiIi bas( water andl~ gas leaks, 
are( illci(ft ilI()[cl i15 .1( ~lil, ;111(1 tfhe genticteui gas is ililicdf 
witfi Suchi flv 1f lit ifs fit I thlaf].Isttall is wastedf. AS Il imuchf 
a tc 1i Ii is fj 1f i 1(f p f IpcI ( :: r t I( (I Ip I \% it IiIIIl i titIt i(I i 
(tlld Itiff\ I (li glllm i.gL51tI. tii i"I tI Ilstiit l uh w;Istt fls atnd 
;it( alaihmidli I.I IfWh hwiif tffwtk sm Ifuss aiof ins a i Mul its
 

tutu lit fff ff rks alit all ff1f I iii 
 itswitif Iii siI1%Iskailid i theit Stii ftid 
Scit (ffiffl(%ttif ii. I Iic i f fit;1
lulill (I itIl S bcIC fiat1 (f thet ffig(.SI
crI fI I\ c c II a11)i1idoffIl I()I hitI If It f tf .. ,fIm o. ;11( a.;1( ff"5k5s 

fl~ifffts. 


miIsmii s ;it( fitii tklti tffi t i llc V l, Ia i 


( )11iiials sciii i 1(b nalli/llg IIIc', p IfffvcISL midf %SIlIIiS 

Iweiafiig~ii flifiItS mtfi
 
I 981, lA( ) f183). f(ICII~C f1ii figCSIfI wis'cit1 ci
L~iIflltiiliiIiiiif 


Illc ffitsffft (d ilie klitikl 
 fill iiImw bfu" ilili t leIff fsffiisiffilit 
(iftllcdi ffff.silfiAs. fPiiigtii f 1Illctx 

fpet5Sim' ilsfl~pt Ifdig"Itl "islIit ki,ikwsifclImi Ili igcii tic Iilffts, 

m 1 fiiffiif ff51 tifItc;iI 
wsith 

thI SIlt~ I ing 1w~If t ilfIidiftlg f;I ii.I~lgc filil I. Ill Iff it ol , it()ff5 I ff1 

I ftc (fists(dfI ti il . Off illc(,\t a si i g V lilif it III it e 1intlled R. 
WiigIcr, fIcis. ( fii., 182 I. 

http:ffig(.SI
http:fiwhcit].fi
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I o'-biI u i ston a,? 1k ?os IiII, tof 't. I 'o Ii (1*4 1,1. . j H. Sl ith/l)I?.II I l~),r(l.S al (Kb 

Biogas Development in Inclia 

(. iAmvitIin jiiiiiilicis (II)jitL;Is iits Inhc 19i0'.(;Itl(nnigll hut ficark 

Ncws 1983), I)Iihginhi. lIt( iiit~tl ct iJIUIw III, miiieii()IiiSk i 1i I( hi( 

100,000). IeSpi IIal I I( I il)si(lit-s (Irio 20i () 0 prccii (d I It 

Inls! ilta ( S1 ( i) I ic iS, (i ') litiil lic s, ;111(1 iuusi ittit i s (D S 1 19 1J,Ilehllo 

IIlhtiI)clS o Ii),1)(gis plants It,.st;ifleudI( Aug\iiiist 182 ~*esiubstauit ta~vlok 
tI tiarget rate (d75,(000 units foi- 1982-83 (RIRR :( \ws 1983). 

()u I1'(M h)US1111(i1ia's Im)g;as iIii alsoI IIvC (iCIuH I I Ig I titIh)I I I ;IMtu 

1(1te lwownIh ()I ;1(ilpiml as well as low t Ie( iIjahli\ pr)flills 
e(hciAlhht(1(ul ill tI tiiniaii Iilgils idevchyjiiui elt-11S. 

I . The 1111iaic(iI ( I* fIrsiluhhiig a Ilo nig-dilte plaiti arc huighu, 
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Cspcciill T c st lised if] Ilhe gushccali Il m(ltctiIc(ounts 1I" ab1)out1 
omi-llll of, Ih luil 'costs(1) I 198 ). 

of2. .Ilc )!altIs Ihill artie llrcl lIe( (it(I (II ,i ill ul!lIrtt(li tltSiC 

utclejti 'lv tut\'ilm tI ll li- sp'c ifc S. ittl (1) 98!).io ll F .' 
Imdl hs3. TI tsIte It stibilv cii osi alItt( \ttIt itI )e;Ikutg

of, gas JiIIitIpI( cetIs trkititII F 198! ). and1(1) IY teputit's ,ie.
t'1N~pI si \ c.. 

.I. 1,it F'iust Itll(t III,( mli ppm- nIt<gulI hc Illilitlt cI ll ticcand ,repair'( ' 

fl Ittll sIs tily IchcoltI. antid exjl-eI uice' ioC W ,ptMi F 
Se\iC (." tc'ie (lii iu'utlt t ,btlill It t <.lsit(.u tilc tliliester (1)5' " 
19 1), '-i; itn1tt.'1t' n ,182).a l t itfII 

5. SI' irlig s (of steel Itidt ii -gi ,tIt ('eit1( IiIilI It (li;t II; v slhtweuf 
d(\cIoIpelu I It ffItIIs ecctt'IOs itl(Iatflaitct ,1t1tcIt IltII huts h+ccIIi i IV 
lo ,ofaplgil lll\ ui\;iltlbh. titutteiills loiMt ts ill bi<ogs platIs 
(Sn Itteiec tndf Stt itI I 82). 

G. icmI iullltt'i~ll muIlses fdfliouigs pllls ill ltitlind Iie lttdc(f tIo 
be m ilyo)t IIII istic ;i1( l 1()bc );i1seul mt l IIcilist iCitSItIII iII ) ' 
lilfe cXp) tlttcln , ()I illc ,llict If l)( f Its i id(osts Ill I.tltioii lo 
t1tii.l11c Itg Itl l iI I p ttl iIts, m.of(m t IIt o'),I t I lac ttoVs. (S sott 
tille 1 Ii tSSh ilt li t I < I sCt IIt.) 

Ill icSfpoitSc(IS.'SlsI li smuct( ' <dMIC( s tci ltet gttiatttetttjpIitusiM I >t>l (0ft tlllicse c I's, m fll , l I. is blig r IIsNI g ah II;I I ic IlI IIj~lu t't<l ((it tishtig lixN'l-(lhtiti (lfueslts, ()l fitliiti ulteii'utli\se. tuittniuts totn 

I li l ibutt g gaus dhloie, altl Ott itiIlluit4m Ig ill Iicit't'c\ olbiogas plitils.
 
lI'hStIfese It-(i Illt I
e b still iil , d< I ltolagicugs. ill lotgh soltt, oF
 

tIhc restlIts ilapcIIelcmtloI' gIIIgulig
(sec )'s FI 198I ). htIIixe(l-(Iloti l)lcts,

knowni ill Iidit uts iiut,i lbiius pluitits, imbtilvrt(l abotl 2,700() ai the
 
l i I I I I l I I1.8(8 ()Ds lF 18I ) ;t11 t't b lIt I M p 
 II I ss c I ItsIitt .\tt 
t hlIhctI alltiig-(i()(ftieugcStet-s o'sitiilutt ctpucitv (Fl5CAP~ 1981. 

Ph peI ll I tit htiI c mli l 19t i1ti CuisiitgI 111itit ,t ( tltt,\ tIit 
scI It. lat s to Il> 'IidhI-t IItotrc (ItI IlItl l( It- ('"css I()('()()k Itig I'Is, i(,( gIIiZ-Ing Ililt-' llevt+Vl IH.Ic ih(list) lillt hll ,i Id( and lling~m r'ural hotischldIs. 
A.l11bl -oI i l, .' il ' p" d'l ct'<.si 1'.IIIJI ll','ltI Sm ;+'I~l l.t ShUvc. ar isc'il ill 
tte Oj)(tt-lill (IStli .5SstclS. ,u'i'l littelt ighit c(Istlh Ihe.s l rtst t;at iols 1,01, ldhit io11ilh~inamil i: Pilial~ukar (;lity ( I979al andI 1979b), 

Niuttitit( 
( 1980), autnutihlik (I 982). 

lt1miut tland 1979), Shltuliautd Bilhlitt'ulld Sushi C. Agilt'.-al 



FINANCIAL ANALYSES OF HOUSEHOLD 
AND COMMUNITY BIOGAS SYSTEMS 

I Icrs I.1pit-ilt a111kt iltitOIi 1() a scss Iu111( I itv'ooith (hi) jutv ()t~Ihi 
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iu h~l~l~ li 11 thiull at( 
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istijeol suhl 
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II relatio i bell'fils derived FIroim the digestlr residues, Ii Inclitlol 
was Iiiade ill fViwhet her :ny houseilds wcre using commercial[tIe repjort 
feitilizers. Pimr tlinstalling Ile digestcrs, rcpo)rtedly all (Iefiamiilies wCre 
usilg some dillig as Ittiaitt'. 

Pecelntage (dPercen l('il ,\\ilabdleotf of[A 
Ilousholtls aI.ilize 

15 33 

31 5)
 
27 67 
15 75 

12 1(0(0 

PRAI) valcdle ,Itddilimial ftrl ili,'er b'eielus (m lit basis 0' having 
.Ii!.gof uldid ljial Iiallilt per day (assiltllilig iil (li 8(0 kg oid(tI'uig 
ieeetdtl p'ialt' iht'tiogas iniit, .10 kg wre prcvimoislvIlutited as tieli 
ainld welc i1ll availallt' as iCrt li/l). ifi;litl rtcniaiihi woild pir'iic', 2.7.1 
Illis !ii;(til1ost Iis (lllist was v'alt.d at Rs. 2110 ptVihiiiialh. \eal; 
ahllionghlil' \alhis ol tht'itticai h'tuili't'is mid ohr aissuinijliotiS 
dte.rmiingll this lI-p,\;lit](.,\%c 1 1WillI.lll¢d 

I'ht' i Ilt'r\ i( w (d i)g ssiiStt s lIio\%-ttl Iliat tilt' le oit' j)'(' \'j l0l 


b it'fils, ,ilh h {liiiv ftiecl S;Itigs iil tr ll ti.ti Is wcit' ahied 1ill'ull fii i,t'r 
Illtj ir st's i 1i1;imiitiil ,i ialss. ltittiestiiglv, lll igih 912 )cltt iit(W 

lie t"l vcv it' s" i d'lits fCt Ihlt tlley t'li l t it' betlitfils Fi'mi iedil( ed\t'l 
simiokt,, iil\ .13 n'"v' ituuli t'ivlimttd bit'iit'lisIrioiii saili;gscm Ihall lilt,) 

A 3 ill'/,idu' Janata llalil co(sis Rs. 2,250, iul aifit''tcciig all Rs. 725 
subsid ' gantil, the tmst I(olilt" household is Rs. 1_525. lPRA1s Iilialiial 
lliyh-sis asstiliit's luli Ihis amoiiutlit is iiiit' d iv a 10I.5 ptc'l'tlil lli 
relid over ithe 20-vear It'i oe0ltotle uniit, ai allnalla (()St(i Rs. 160. ll~c 
Cost i, rtepairs allt tehlatnll ()I actcessml it's is aissiimit I()be Rs. 38 )t'r 
year; ()i[lmaitiltiaitlA' Rs. .15 it'ie t. hri' tit'i aniuial cash flm(w iidf N f\' 
cailulations art' gi\t'ti ill ablIt' 7. 1have thumlvt'lteuhicd RAI) analyses 

t'rnllnll ),giniitig-ui-vc .1ti l (iit siiplfer andtielsici-to-ust', elld
(f-veal (toii(iti 10 avmi iil iii Iler coiiarsiis with ttic five(l' [iiiti 

by]itillel ical iousct'ids."'i'N fV I't'nii this r'vise'd nalysis is tit' sumii 
OfIIle pretsent vallics: Rs. 0.)0 + Rs. 5,755 = Rs. 5,755. Ihis differs 
sotewhliat Frtii Ih N P\' gi\tli ill Ilt' uitigilial st titfy b'ctaise I ile tof-of

'atrllinlntlit(it is lst'(l .Nutlt'l it'lt'ss, iitidt' ie a.umed flltit'flits aid to(i)s 
oil li sl a'ppiaiii.italvit'imly, tlie'.aiala biogas svslii (lo(ws alH)tati' 
atl ratiivt'. hlicil findings aidi liitlitsio lis ;it' suiitiiar'it'td itltow. 
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TABLE 7.
 
Biogas Digester Costs, Janata Plant
 

Annual Annua 1 Annual net Uniform series Present 

Year Item 
benefits 
(Rs) 

- costs 
(Rs) 

= benefit 
(Rs) 

x presen - value factor 
(@ 10%; 20 yr) 

- value 
(Rs) 

Biogas 

system 2,250 

Subsidy 725
 

Loan 1.525 

2,250 2,250 0.00 
 0.00
 

1-20 Loan
 
repayment 160*
 

Repairs 38
 

Maintenance 45
 

Firewood
 

savings 480
 

e rose ne 
savings 199 

Digester 
res idue 240 

say, 920 243 +677 8.514 5,755
 

Source: After t'RAV (1980).
 

*Their loan rvpayment value would have been Rs 168 using compound interest
 
tables and their original beginning-of-year convention. Using the 
end-of-year convention, the annual loan repayment amount would be Rs 185. 
1 chose to rutain the value of Rs 160 provided in the original study. 

A tI lrt'e Ill t i'.l; Ili();Is )lil lJ)tliIIlilig'i i'i ll will gi IcI I - t iV I-Ic' 
savings if) (.os5s cujilivaltill w ele saiiigs of Rs. 677 a IIuialh.... IIis 
realized t hat Ihis l)('ilhIl-c()s1 .nalsis istl rig)mls . .. however, 
Jit] estal)ishelit Fi INwell Ili t2(ulii f'1tIhet' t'asibilltv illS[ allalioii 
()!.a biogils plal. (l)RAl) 1980) 

Analyses of Vive Hypothetical Rural Households 

live hlylvjlleicail rural Iouseholds were crtated to illlist rale tIle 
fillialcial llt rat i%.i.ltss (l Ioiiscliold-scale I)iogas systems irmnl tile 
l)CerS~tl ivctS O)lloiiulhhls wil hl(lillelcll tuergv (OisinlltiI)Iiol pIatterins.
I did Ilus b.eca use the pimiipil eiiergv Iuce'lt irom l.(i~'rol(i(digesters, 
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TABLE 8.
 

Weekly Domestic Fuel Consumption for Cooking and
 

Lighting, Five Hypothetical Rural Households 

Htouseho lds
 

A B C D E 

Weekly Domestic Fuel Consumption 

20 5 1 0.5 0
Kerosene, Liters 


0 50 50 50 50

Firewood, kilograms 


biogas, gelIevaIlI is not trcfde in tie narket place. Its \';Ile to t le house

hold ,muIst be IClteritImiecd iII part from having to purchase less kerosene, 

tirewotid, or other Fuels sold in (liw marketplace. liMt1fl'oilatelv, i;ost 
sonIfitiaticial ,I\alvses of biogas svstems to dle have based t hese blleit 

am ifhalizd rejl cetie lf oif ItVmrclIseCf fuels. II (Iher words, IheN ha\Ne 

accounted for tlie value of bogs either in direct termits (i.e., biogas being 

igiven efficiency),cttiivalent to x-kilograms ofa given Itl constiied att 

or in terms of all ideli/ed or \C'ige rrl housChold (as in the ca.C stud\' 

givn above). As ini-iiloel etrlier it this hook,consideralle diversity 

exists i the fuetl use ptatt'rtIs (of rotrl hot seholfs in itgiven comunitVy, 

dist riI,. regiom.1or -ount v. 11w fiIituiil atItractiveness oI evet itspecific 

tIle ;I[nli 'c of' logas pllImIt will he detcrm+,ined (fioin t Ie persFective of* 

he inllomtetlrv savings oft Ile pa.ticil~lr hnouse-IfIel snlub.ti IIi t)1) byII 
savings. (Cose()ut'nietttly, becaltusc householdhold, not by'the id./or (.a,'e.,a 

expendit ti es oh fuels for coo kilig and light ing c1i1ler widely, so m11ust 

tite bencits of lisilig blogais. A Itouscfhold co'istl litIng litrge aiotlslits of, 

pitclt:isedIfuwls tIat adopts a hiogits pltttIIwill enjloy greater iot itarv 

u. nt chlasedbenlits taitI a sehold COstIl iIg rl:,t iVefv little or tio 

nit albsolutelv
fuels. AIt lntigh seeimItgl, it uit iveIv obvious, ld at oice ai 


been almosl elitirely' ,',rlolwel in
\tal atIsstiiptiotn, thisISsprinciple 


earlier fiticiailMilv'ses of biogas s\vsttis, ofle II
leading to inl.j)propriate 

coincltisiotis as to whther biogas svstyittS ;a'e SUitable [hr proIMIotion in 

irUri'al areas.
 
lhe five hivNpot ltical hoseholds arc.caeteorized as Households A
 

to E inl'l)ble 8. lor tlie sake of siil)plicity, they are asstmlled to consist of'
 

similarly sited fl;Itilies and are asslumed to have equml atcCSs to tIle
 

rCsourcIes needed to install, operate. aindIlmaiitituit a household hiogas
 

system, such island, cattle doing. water, and colnstruct ion materials. They 

are arrlniged in tile table illotdcr of fecreasing dependence on kerosene. 

Ilolsehold :\ is aissumtie(l to )elrform all of its cookinig and light ing lsing 

kerosene appliamtces, which is rat her uit(ncontni iinrural areas and is 

http:snlub.ti
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TABLE 9.
 
Annual Household Expenditures on Fuels for Cooking and 
Lighting at Various Fuel Prices, Htouseholds A to E. 

Households 

A B C D F 

Kerosene Price Firewood Price
 
(s/litcr) (Us$/tonne)
 

0.10 0* 
 104 26 5 
 2 0
 

10 104 52 31 29 26
 

20 
 104 78 57 55 52
 

0.25 0* 
 260 65 13 6 U
 

10 260 91 39 
 32 26
 

20 260 117 65 58 52
 

0.50 0* 
 520 130 26 
 13 0
 

10 
 520 156 52 39 26
 

20 
 520 182 78 65 52
 

Note: Expenditures are torounded nearest dollar. 

*Assumes firewood is collected at zero cost.
 

re)reseintative ofnIiv tIre relativeY ;1flIileirI rur;l Iwller. IlouseholIs 11 
to E are assncd to be ('ookiic t ritiely wit i liorew(i (orn eiCl,ivaIleiIt 
I)io(IIaSs ful), r (toIsandl lIle ifieren ilt(ItimiltiI is of kerosei.i lt- liht
ig purtpioses. Tihese arc more Iypical rural plhterlls. lhe fiiewuu+l
 

()Ils III Iptio Itl 
 )I-0 kg per week \%-Is cioseir bcailuse il re I)resrels ;il 
a))roximate midpoint of fii('wood( (oI)Sutiill)tioil atles firrld ill rural 
areas. The ;uaivscs itniorprl>erit wide I ;rilge nIiuriril ioncilarv anl 
little expedr(itures oil ol)taitlirg I hie. twoI fuels, anl the results a(l

etlllo(ds c'ould also be app)lied to hluseholhs ouruSlrlirg fuels ot ller 
t han kerosene inid fiiewo(i. 

Th'e ir,;uil household eXpenClit lli(s o)Itorires it flt's lft ihe five 
hypothetical hloisholds are pio'Idid ill 'i le 9. Kerosene p)riCes
ilw(.+C'im ',S SO. I () illld 'S().a() U"perliter ind(lirewood prices let'welel 
I'S SO.( and I'S S20.0)) per trinr are IrSc(i to illtusllrate lehe ralnge oI fiel 
)rit'sexist ing ill i'rl;'ils ill Soil h and Sn)mlt hIeast Asia. 
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TABLE 10. ee'~''. 

-- t )F -e l P r ic e (US $ ) 

F~e~c(' tne)0 10 :0 1 0 2 0 10 2 

Bousreod B 

Net Ann-l CashFtlows LSs$) 
Loot Slhre Period 

NY, a Yer 0 -400 -400 -400 -400 -400 -400 -40 -400 -4100 

Years 1-20 6 26 45 35 - 74 84 .04 123 

20 v. .r,; 'ae 1-20 -41 -22 -2 -12 8 27 37 57 76 

2:, 20 :t'ar. Oerr 1-20 -76 -57 -37 -47 -27 -8 2 21 41 

3 20 ,ars Year 1-20 -115 -95 -76 -65 -46 -46 -37 -17 2 

Net Presnt Valu 
Loan ScOee 

in 20 Years (USS) 
Discount Rate (21 

loan 10 -349 -179 -17 -102 68 230 315 485 647 

20 -371 -273 -181 -230 -132 -40 9 106 199 

30 -380 -314 -251 -284 -218 -155 -121 -55 8 

10'.; 20 year. 10 -349 -167 -17 -102 68 230 315 485 E47 

20 -200 -107 -10 -58 29 131 180 276 370 

30 -136 -73 -7 -40 27 90 123 189 252 

20%; 20 years 10 -647 -485 -315 -400 -230 -68 17 179 349 

20 -370 -278 -160 -229 -131 -39 10 102 200 

30 -252 -189 -123 -156 -90 -27 7 70 136 

0; 20 years 10 -979 -809 -647 -724 -562 -392 -315 -'15 17 

20 -561 -463 -370 -414 -321 -224 -160 -83 10 

30 -381 -315 -252 -282 -219 -152 -123 -56 7 



TABi.E 10. continued.
 

FulPrices (USS) 

Kerosene (per liter) 0.10 0.25 0.50 

F-rwood (per tonne) 0 10 20 0 110 0 t0 20 

.o.ehold C 

Net Annual Cath Flows (US$) 
Loan Schene Pr iod 

N, loan Year 0 -400 -400 -40C -400 -400 -400 -400 -400 -400 

Year 1-20 -10 10 2q -4 16 35 6 26 45 

10*.;20 YearoOars1-20 -57 -37 -18 -51 -31 -12 -41 -21 -2 

20:; 20 years Y-ar, 1-20 -92 -72 -52 -86 -66 -47 -76 -57 -37 

302; 20 years Year. 1-20 -130 -111 -91 -124 -105 -85 -115 -95 -76 

Net Present Values in 20 Years (US$) 
Loan Scheme Discount Rate (%) 

No loan 10 -485 -391 -153 -434 -264 -102 -349 -179 -17 

20 -449 -395 -259 -419 -322 -230 -371 -273 -181 

30 -433 -397 -304 -413 -347 -284 -380 -314 -251 

00; 20 years !U -485 -315 -153 -434 -264 -102 -349 -179 -17 

20 -278 -180 -58 -248 -15! -58 -200 -102 -10 

30 -189 -l23 -60 -169 -1u3 -40 -134 -70 -7 

20%; 20 years 10 -783 -613 -443 -732 -562 -400 -647 -485 -315 

20 -448 -351 -253 -419 -321 -229 -370 -278 -180 

30 -305 -239 -172 -285 -21q -156 -252 -189 -123 

30; 20 years 10 -1,107 -945 -775 -1,056 -894 -724 -979 -809 -647 

20 -633 -541 -443 -604 -511 -414 -50 -463 -370 

30 -431 -368 -302 -411 -346 -282 -381 -315 -252 



TABLE 10. continued. 

Kerosene 
Firewood 

(per liter) 
(per tcnne) f) 

0.10 
10 

Fuel Prices 

20 0 

(US$1 

0.25 
10 20 3 

0.50 
10 20 

Household D 

Net Annual Cash Flows (USS) 
Lcan Scheme Period 

No loan Y-ar 0 -400 -400 -403 -400 -400 -400 -400 -400 -400 

Year, 1-20 -12 8 27 -9 it 30 -4 16 35 

1OZ; 20 years Years 1-20 -59 -39 -20 -56 -36 -17 -51 -31 -12 

20; 70 yar" Yea- 1-20 -94 -74 -55 -91 -71 -52 -86 -66 -47 

30Z; 20 year, "ear, 1-20 -132 -113 -93 -129 -110 -90 -124 -105 -85 

Net Pr.'sentValues i1 20 Years (USS) 
Loan Sch-e Discount Rate (21 

No loan 10 -502 -332 -170 -477 -306 -145 -434 -264 -102 

:0 -458 -361 -269 -444 -346 -254 -419 -322 -230 

30 -440 -373 -310 -430 -364 -301 -413 -347 -284 

10; 20 years 10 -502 -332 -170 -477 -307 -145 -434 -264 -102 

20 -287 -190 -97 -273 -175 -S3 -248 -15! -58 

30 -'96 -129 -66 -Ibs -179 -56 -169 -103 -40 

2M ; 20 years 10 -00 -63C -468 -775 -404 -443 -732 -562 -400 

20 -458 -360 -248 -443 -3-t -253 -419 -321 -229 

30 -312 -245 -182 -302 -235 -172 -285 -219 -156 

30:; 20 years 10 -1,124 -962 -792 -1,098 -927 -766 -1.056 -894 -724 

20 -643 -550 -453 -628 -536 -438 -604 -51i -414 

30 -436 -375 -308 -428 -3t5 -298 -411 -348 -282 



TABLE 10. continued.
 

Fuel Prices (USS)
 
Kerosene (per liter) 0.10 0.25 0.50
 
Firewood (per tonne) 0 10 20 0 10 20 0 10 20
 

Household E
 

Net Annual Cash Flows (US$)
 
Loan Schem- Period 

No loan Year 0 -400 -400 -400 -400 -400 -400 -400 -400 -400 

Years 1-20 -14 6 26 -14 6 26 -14 6 26 

10:; 20 years Years 1-20 -60 -41 -21 -60 -41 -21 -60 -41 -21 

20M; 20 years Years 1-20 -96 -76 -57 -96 -;6 -57 -96 -76 -57 

30G; 20 years Years 1-20 -134 -115 -95 -134 -115 -95 -134 -115 -95 

Net Present Values in 20 Years (US$) 
Loan Schene DiscounL Rate (Z 

No loan 10 -519 -349 -179 -519 -349 -179 -519 -349 -179 

20 -468 -371 -273 -468 -371 -273 -468 -371 -273 

30 -446 -380 -314 -446 -360 -314 -446 -350 -314 

10:; 20 years 10 -511 -349 -179 -511 -349 -179 -511 -349 -179 

20 -292 -200 -102 -292 -200 -102 -292 -200 -102 

30 -199 -136 --70 -199 -:36 -70 -199 -136 -70 

20:; 20 years 10 -817 -647 -485 -817 -647 -465 -817 -647 -485 

20 -468 -370 -278 -468 -370 -278 -468 -370 -276 

30 -318 -252 -189 -318 -252 -189 -318 -252 -189 

30.; 20 years 10 -1,141 -979 -809 -1,141 -979 -809 -1,141 -979 -809 

20 -653 -560 -463 -653 -560 -463 -653 -560 -463 

30 -444 -381 -315 -444 -381 -315 -444 -381 -315 

Note: Pesults are presented as annual cash flows (in US$), and in net present values in 20 years (in US$).
 
Assumptions of analyses are stated in the text.
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TABLE 1 1. 
Effects of Differcnt Installation Costs on the Financial
 
Attractiveness/of Household Biogas Systems to Households A-E
 

Biogas System Installation Costs (US$) 
Discoutnt
 

lu sehold Rate (%) 0 100 200 400 800 

A 10 1,545 1,445 1,345 1,149 745 

20 884 827 770 657 426 

30 602 563 524 448 290 

B 10 632 532 432 230 -168 

20 362 304 247 131 -96
 

30 246 207 168 90 -65
 

10 300 200 101 -102 -500
 

20 172 114 57 -5P -286 

30 117 78 39 -40 -195
 

D 10 259 159 59 -145 -541
 

20 148 91 34 -83 -310
 

30 101 62 23 -56 -211
 

E 10 217 117 17 -179 -583 

20 124 67 10 -102 -333 

30 85 46 7 -70 -227 

Note: Results are O1Vs for 20 ),ears (in US$). Assumptions: kerosene price 
$0.25/1; fuelwood price US $20/tonne; 20-year loan at 10 percent interest; 
other assumptions as stated for the baseline analyses in the text. 

I h)usehoI(l A, Shu)tt(l h tite toot'afhwdicl' it ivtl cxl)tnSiw slttii, 

wiit lottt thle IIcd loit go\ t(.-1ltcIII stIhsidv. \ stI)si|\ gatIt to lring the 

iIsliIltti Icost d(w0 I to [IS yfl() ( \ t'iCost the ItItIsihsidi,IdIOi l I11 m'\.It 

I)lhti COStS) WMI(Id l)e IIscIulII I cltet (olit tonst(tiak this energyIttait t 

sIst ttI ;tIt tacIt ivc to the INylcs oh tvtal htoIseoh(I exetliif ie( by IIholtsc

hold B,While te(httitlg the IW I'S S20))couldji(et 10 Illtake" le systetmis 

;ttttI't i\'t to tyels hike I hotseIto Id'( to .. Nl' cIase studlI Io , ;1tt;a l'ixed
dome (Iigeste itI tlitI;, htl exa ItIh, assIIes t ha t IebiogIs S'SIttI Costs 
Rs. 2,25) (aboutl 'S $250). The iislall t lot) c(st I lhtIlehotSehol(l is 
Rs. 1,525 (abott 1 'SS 170) al'ter ,Istlsidbs,' o1 Rs. 725 (about US SSO) is 



Sl ttltt'l (PR,'\ I) I ),()). lihe piesubsidy instaillIt ion c<st ol' IlioI ing
dolnit lK V IC litigs Sy'stem C)i sittilar"sizt' iII India is Rts. 3,00 (abmtii 
u"S s:$ )(] S( \ I) 1981). Not'. Iw'vt'ie, ht the Ii ) t'cct pcr IzItm 
lomn tist to lsidili thlit' pliils ill thi, immlysis is ilte ively ftz?.)sl l0r 
boinlm-iiIg IImiii\. I Iglit'i ille't l r '.It,tes % hlIIImake even I It.' lotr 
pric'd (Iiges I e s Icss aIl ItI.(1 t' [w., i'5tsc It nst'otl](s. 

Sensitivity Analyses: Labor. Btcauise g ral ililertilit rpresentIl 
exiSts aboIt thIIl cIects of;ttlot io of(;, lIoImIst'hiI]l bioga;is s SleI nfmilN 
labor atI iviti.s a IA alot itIIIlie t I tlat lal)Cm.It Ire () l rity Costs lroi 

i I lbor,)I was \'('l'\N IlI(Siii Il I II I ncIIloritinp Ig Ioral ot tIost L - i eIIefit ilIto 

the biaselinte ilhaciil aiall'ses pI.'s.tIIIcl iii llaabt I0. .Ahl lio1igh attoUlit-
Ing l ltlmr is ;I 1itrticulaml-v truciail flclto ill pebt'lir iga goo)I lilian
tial iialvss of all eiiei g Svst'Iii, V'l.V litt ' in loiat io)nz exists ul)(i)tt (ele 
the gloss l IIOIr (jIl I it i t't' tlel to operat ;I o llIt iat(1977)1)()g;is p)lnlit 
I-rttecl tw() li1i;tIl s()tIIIt's \I It t'stiII;Ies (of liliw ,needed ranIginIg fr()n 
(. to I Iours tr diit\. FreticI (197 ) assessed Itlit' et'olIt's of loating
d(mlie Systei ill Iidia aild ; tisstii.el that tw additimul (net) mils daily 
wumil ie neeel to()oc lt a1hmIt'slild-sctle systeiii. 

NiM'seIIsit i'. ;tt;lvsis oft It' cls of tlltlges and labor C()stsIf. ,bmi clr 
(m tlie 1itaicia;t.tlrIttiv'tie.ss (o' imhseliobl biogas svstttIIs exaiiinets t lie 
possile efIetls od ; nt i*t1'lCe;Ise iti hosehold (o, hirit'd) Libor oft)le hor 

,pet. day' antd tial l decitcrsc ptr dIav (sce lheseoie 11111h1r 'lutblc 12). 
cliittges xt act tuil c()sts () t his LiutbocheX;iiiiitd forI.lbite p'tceived tit 

I'S S0.)5, St). 10. tiil S).2) lir hour. li Ihe N I'V ,utitfsis,;,i incre;ise in 
lithior (ltbl.or is dct'fiii.tl hc]t' ts pli sictl act i'itv) is I Iceld ;r; att dtlitiomuil 
t(.st, whil' at lt'i';Ist Ill lIlb INtr';Ittd its ;111 udhlitillo1tJ b Ini't rtiI 
Ctj'relt ;l SItem.)tiiogsS,% 

.Iy\ Iusclizltt ;ttlm'st's (falet If)) asstilie thlt lutbti nceded t( tiliellte 
the iMiseitd sNsstlil lid t10 I stsilt il alutdditionautl ttiSi (i beItet. This 

utiid (Ih)tlit' timssille chllge ill Ltlmtt would ha~ve /eti t)ilIh(Ittillitv co)st, 
tlht 5, tilt iImsellvd wmtild totil place atiy vtlite o eiett'if the'utddit iotal 
iutltr requirtetl Cii tl t lit' saved Fr'tom ;tlpl ing t his elicl.gv sN'stIel'. 

''lie- itib ititm tit p csc tc, iIli 'ltblc' 12 shows that tIl it til ity ltiet 
l~Ibor letItliltl Ict t)pelite t Itit)g;s S'slIll atnil the tjpoltit iitv c()sts d 
Iat lbtir cuti bc alsigtiilicutiit f'ittr iil le Iitiailci;ll ItI ructivcss oft his 
t+ie.gvy tecliho v. ]'1sptc'i;1ill'ititerst ilg'att I l po)ssibIc effects (IF]utl r 
sI\iigs asscilttled wit Ii ;ltillg t Iiogas svst.m I lt Ihehoutseholl were 
able to) save ti tl t p t uty' uiid wte t., to) uttilize' this ltbor to purste 

Ill C>tt i i ct't vit N.,thell c vt'. ionseliobIh s w.\it Ii l>t truite CI littIt' 
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TABLE 12.
 
Effects of Labor Changes and Labor Opportunity Costs on the
 
Financial Attractivenes of Biogas Svstems to Households A-E 

Net Chan~e in and Cost of Daily Labor ( - more: - less) 
Discount h/d: * 1 0 - 1 

Household rate (Z) U!SS/h: 0.05 0.10 0.20 0.00 0.05 0.10 0.20 

A 10 992 830 524 1,149 1,298 1,460 1,767 

20 567 475 300 657 743 835 1,011 

30 386 323 204 448 506 569 688 

B 10 79 -83 -390 230 385 547 854 

20 45 -47 -223 131 220 313 488 

30 31 -32 -152 90 150 213 332 

C io -253 -415 -722 -102 53 215 521 

20 -145 -237 -413 -58 30 123 298 

30 -99 -162 -281 -40 21 84 203 

D 10 -295 -457 -763 -145 12 173 480 

20 -169 -261 -436 -83 7 99 275 

30 -115 -178 -297 -56 5 68 187 

E 10 -336 -498 -805 -179 -30 132 438 

20 -192 -285 -460 -102 -17 75 251 

30 -131 -194 -313 -70 -12 51 171 

Note: Results are reported in NPVs in 20 years (in USS). Assumptions as stated in Table 11 Note.
 



eXj)Ctidil Ilt ()Ii tfotll ILIt iCilS Miighit VltC% biigaIS S\ 51(115 as LIMIiailt'.
 
I howcvci'r, to(,i.stlinc Ihilt this labori would iiid''d fit' isc.<l fiiecd lit
s tt 

lul)oses woiilhl Ic' sp iou-t s uilt.-sIfIt sl)c(.if iihitst'iof sit Illtiill W,'Is 
i)ir perlf iss css. \ls(i, silfiplif luilim 1 +ifsir\ dL..- I li\( gi (,;IllI ;ii1il\ ii f 

IIl;it( ts di li (t its,f t cmisi, h ll IS st l;l\ l i i ILti i tli tih<old 

lilo ;1i(li\v tt's l til. III Ilc pli Itjl;lI\\t t))S(d i 1 ufiIsis , Inl vt'liIII < It II. 
1it fll iIII )lifis t l therit[llhilV 'i s()I l s vlt' ;IIas i1iff \ i mI ill( I (it"s
 

dc'i aisi IilllIiiif iIil A -lhi ;t( ii t's (dttllc I.wViit'Il, m ( hil rell,
 

weret ;tdol )It'c
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ill In licii lililc is AIli) il Ill' llI)ii ' 1i'/t IMl i±c flI .thns/ si
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I, I l. int-I ltr 

Ii'ii ilk iicst' lls ii\. R Ii! );11(f' Iml1( ii).i li s l k i ( i1 s ild ,
 
laibo ais a sll t-ii 1 sNiii di l ikc nic1 i icwa t I ill 1
I i l il i s. If i iilmi, ti01,iWI let IIc Aim ssc: 'l Resda m I~gcr () VaI;e 111 1c' ) li' h(IIc w llt () )pc hI;[[1iis'\i i ic ItiI,11IlItlIit stt ;i\c'dc;I IlI IIII(Ich I I gII s 

s vsli ins(. ., I iIltill; . l Is;iind I)lIit s 19t7S, .\.P';ili19178, 1- it(-I 

III) I I <S(sI d 

1977, ih h 

1ii 79, VS(.\ ' Ii ( 1c191 , Ilit' i ti li t' iiiti ii'A i itiiii i i i twii,I i a
 

Ihi ilit'l isht IftIlicl,i ifc\ili It if i s o L li
 

Senitiivity"Alimilyes: D~igester Residuie VaILul. Ill Ill illSt-lilh, !iluinl
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;imairkt initt f I'S S1i..II .er tiill ,ii ;:Ac Ip kg (d rIl4g (1F.S( 1) 1980)~. 

f1cii iiit' il (xigst' Ill, I i l ititI ' ( hc 'tisi (im~tinc i Ill illeriifit'i ;itl lil 

of di tisihfsi-siilic's (St' It 'siimic'firi.'glis l iiill g I it'lililI i s itr tilr5 
sc' li l \ ;iil;il\ sis Isillg4 r,lll~ig n I'S (.)~~S26.00!petr\;iilitcn ilIo . 00 1'SN 

%.c'11,IIIlilc, 1ill Iimll Idnil i;iI i iilh liiiain (1197.t) letscilted1litilll Ii 

ill I aich I1is,Jpph'r(li ;i> () ,I, wide \'iil'-\ ()tf i(m ps anli ivirmin
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pc)('1 I lit bc';llr llr~l, .rli;tnl, <Ilgict ' It'sidltltstillgi )1IIh ll llih 

W lI ]I li 1i;is IIIII,liiI(IIconkl~II c, I nI I'lII ,ssIl1( lm spIhI¢ifmidl1)()l;iss S li 
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, IcIt\ iing (t'x Ihic dllt-rciiin 

Ihollst'hoIls A\I()1..) 's lili. lns,gi/'e'n pre.st'lilly'woldl~ bc lirlllt Ii ca1i 
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TABLE 13.
 
-Effects of Assumed Monetary Benefits from Residues on the Financial
 
Attractiveness of Iousehold Biogas Systems to Households A-E.
 

Value of Digester Residues (US$/year)
 

Discount
 
Household Rate (%) 
 0O.O 6.50 13.00 26.00 

A 
 10 1,090 1,149 1,201 1,311
 

20 623 657 687 750
 

30 425 448 468 511
 

B 10 177 230 288 398
 

20 101 131 164 228
 

30 69 90 112 155
 

C 10 -155 -102 -45 66
 

20 -89 -58 -25 38 

30 -60 -4G -17 26 

D 10 -197 -145 -86 25 

20 -113 -83 -49 14 

30 -77 -56 -34 10 

E 10 -238 -179 -128 -17 

20 -136 -102 -73 -10 

30 -93 -70 -50 -7 

Note: Results are NPVs for 20 years (in US$). Assumptions as stated in
 
Table 11 Note.
 

,ivailail)le inlindoIldlioII ,i)0tII IhIIi II IC of*(igStt', csidues, I10 Iot II(ICAh 
c il lIl si;s olii I I" WoIlI I isjusiilied while Ielritarkiig iiciait i assess-
IIleiIls oft his elIctie g eItcliolog.' iiI specific rlIilll sit i', Iiolis.
 

IIi III' (.s(. sit Idy, lowevet. is ;e .xaiiiil, ota r ie 1 li
t 1tgh IItiiuIIal 
hencln t dissigittd to (lig-slt reisilues, Alilcd at Rs. 2-1) (L'S.$27) (PRA 
1980(). Although ('duziligolgiIIY this \'llue 'ould still resul iII i positi\e 
N l'\ fr i lie..lanlaI systemli, colliililliga lowetr alti 1,1t relsidues lbereltits 
withi lower \alies ol leilefits frolli I'uel S;viligs cold(sigiliiaiull' alter 



152 Rmral ltmvgv t Ntcct tewhwumetw lNtits 

tlie tittcometi teof'RAD's financial amalk'ses. lo ertain ol't l IeRAI) 
hotIselholds, a in the asstIIetd IItttiott mtetal y v\Itle of't le (IigesteI' 
rCsiu(sC sCets.lstil'ied, sinice mote that! 25 percent ofthe hotiseholds 
were ah'read using 75 to IN)percent oft hcir available cattle ditig as 
flcrtili.'er bcfoe adopting the bicigas system. lh its,f'ther frtillize, 
bcllits fronll aato+i.' lcally lig.st ig the dulnig prombly w~mld 
l)e ntlgilai. 

Financial Analysis of Community Biogas Systems 

Hypothetical Rural Community. I creatd a hyp )itbetical sinall rural 
coiiitiitiit ()l at lie fitacial,,w attracti\'elless ofsix lotseol-mds to illust t 
ctmntlit it g-salcl)i()g;,n n'sletes. I used six !tIottshcldcls III this cotlltitiity 
ill o 'tw allmw fI t live-sity oflltotnrg' reuirinllentsand avalilable 
roe-Smtnes, hut, t)sitaplifY the dutisdtttion,<lid hot (ottnsiclt,nic)re thal 
six hu<>onsehuohls. [lle Ihucselihlds, dsigiated f hmsehiolds I:ioK in' "lible 
I.I, at asstimed to() helotcl iiiaIrelat ively c'tmiptct clunsier o(lwellitigs. 
IIe lotISChlltfs tls()lat.e assmtiedcl t)(ilfit ill tiIe (htttilites (of'(tectdl 
(Wl+utcltscl I it(X.wt)(f ottisnntuteil 1i- (-cuokitig atnd in the (Ititmitit, c'i 
ker)sene toistich lot liglItitlg. Ill acdditimi>. thlnit (attic owiwcl)ihf 
by ch househl is ansstnjihe1diflr (li1I l).()n' lier assnlil)t ftt 

alylses" Is is 


rgaiuti/c itsclltow tid(elrtake a cotunmnnit projectt. 

tion flhuee Itiat t small would be adle t() 

.IHic ;tialvsNes jutui\'i(lIed Icv exmutitnc fitunciad aspectsof Pl(tsl)cctieC 
it'cn.stltiieits illthlvec lif'iviett tvlpCs of bi) ss\stetis: (a) 1'hcitsetIol 
licgas ssttiis Iulinm)nsclnmdhs Wit Itl qu'tt dlttig ntesOtttS, (b) ICOn
1nti itY bigas vstet meui ing t ftc c kintg and ligititMg ieelds oflt lie six 

oulseholds, anl (c) a (otutntntitv biogas s\'sltut ltovilig biogas f'0bi fb'oc 
JI(toessintg. "'C t ltrec tasks foto()kitig, light in ,and fIood processing (oil 
expelling , ice liutskiiig, and graiin millinig) wetrc identificd by members of 
the comitmttilv as ptioritv rCas whereo 'et-eyrg tecimiohlogies might be 
e.ml(hyced to>inF,rmv tllcil living tcm)(diti0n1s. 

Household Biogas Systems. Because a houtisehlh Iiigas systetn titist 
su)lly 1.5 to 2.- lf to) mcti tihe coki gand lightingitt' htogcs per dlaN 
tcecds ofItn "tplical" ltottsCltIId, aMtl sincc l itl-mltktiii ()II Il- ofblioga.s 
titttl'n ,,lvtigC (ott1ditioits tciiro.s aluittt 32 kg O'cattt Ic iting (conscrva
ti\Vch). a ItotisefIod wtill rciire iS to),() kg (ltm l(til.AAsstutmiing, 
fat mltav;inge Iead",l catle cai stppil It) kg of mrcc('-.cIc (Ititng pet 
dav (alt l<tcuIgt tllis slIotll be. c\;tnlated ittclt h<tist+'lld titilg accit]sid 
lbiogas s\tetttl), a Ih<>tcscthll vcttlci tc(ttit'e t I cihi tm, hivc +ttd ihtcad of 
cattt. ..\ssuittimtg, fIow simplicity's sake, iIamt Ie hIuutfsclftolds I(it:Imcliie 
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TABLE 14. 
Energy Consumption, Expenditures on Fuels, and Cattle
 

Owned by Six Hypothetical Community Households
 

licuseholds
 

F G If I J K 

Firewood: collected (kg/wk) 0 54 71 75 0 52
 

Firewood: purchased (kg/wk) 65 0 0 0 78 0 

Annual cost @ US $20 per 
torine (US$) 68 0 0 0 81 0 

Kerosene (liters/week) 5 3 1 2 4 2
 

Annual cost OUS $0.50 per
 
liter (US$) 30 18 6 12 24 12
 

Cattle owned (number) 20 5 4 0 12 2
 

2.5 ifn ofb iogas daily, only Household F (witl 20 cattle) and HouselioldJ 
(with 12 cattle) have adequate quantities of (lung available for supporting 
a household-scale biogas sNvstein. Each ofthese two households pirchases 
ahlout as intich kerosene per week as I loiseliold B ('[able 8) and slightly 
tnoir firewood. LideI" tlhe same assuInl)tiolIs, the earlier analyses fir 
Household B serve as c!ose indicators ottlhe attr[act iveness of iouseliold 
hiogas systelis to Households IFand . Applxing lable 11. for example, 

these hiouselolds would find a hoine l)iogas system aittrFaclive at all 

installation cost of ''SS-1,00, but uiattractive at US $800. 

Community Biogas System for Cooking and Lighting. Althoughi 
I louselholds (;, I1,Ia and K might be able to operate their own individual 

biogas plants x)ypilrchsing (ll g, thehwould bedependent on House

holds FI l o- pelSols outside the (ollinlitii'v, so ie costs of' operating 
the svstetii woul lie highe. L'hus, I chose Iot to anal'e this possibility 

here. The coimnitV (toes have sulficient cattle to consider a collitl

tity-scale biogas plant that would Jtolduce aboult 1-I n1 ofbiogas per day, 
M' ial)oul 2.3 Ill- per dav pe' fhousehold. hlie assumptions used in this 

analysis are 

1. 	A hiogas svstem wii 1. fii' per dav of' liogas production capacity 

is assmliled to cIost US $3,7)),coimplete with pipelines, appli

aices, aind otlier a ppti rtelaiices. 'lhis cost is ap)i'oxinately the 

samie for ill'Iallationi ill a village iII Nepal (I)eepak lajracharya, 



pers. c(niiin., 1982). 'lhcsN'steii is IllInC d witI i 11it l fi 
)ICtIII iliterS lioi stli vteil's. II is aISsulilcld to have a lile 

exp)tncyilt o12) vIit s vit h1Ii) silvaget'alilt. 
2. \iiliuall costs alr' aSSliiic(l to iliillt' d lOii iQ)ilciltli (Years I 

an issiii .liiniwil li r 
lil ill, ai dIll liiii; 5. l its are 

iouglih 7 ()iill) mid ; 'd lost lCJ)Ili, jil;ice,

l li'( )ItI 's S50l. llllil linc 'llll Ilit'l.slil)SilIliln llli\, \6 th ii m i llllt.cd lIMIm Cllclils a ilil Cascd %-.ill(.()I, 
Ve<lli~i/cr Itl-ml ligecsicr. rcsIdllc. 

3. The s\sllii is assllil tolI) n vid sl illicit lil Ili )L!as In Sll)iSlitlll(,
tIll" 75r petlt lii() I~t lif" prl ilsh ( mlistilli d' ItIrc\\'()()d alid 

ke)sciit. 

-I. 1iilt'wociil is issiiiit l il (0l( S S20! it it, tiidl kel sciit,
I 'S SI).50) prcr.1' 

5. All lionschld(s Itm idlt Ii;lll cllall Ift hcIr (jlc Icillig I()t he 
C0oiillllilli o t at /(,,() ((Si. 

G. L.al)or is aisslilitd if)t[1(to l (liiiiiged l ul)V )lng Ihi)biogus 
systei, )r.ift t oulol lialig, it is assilli,(IIeto iave a /til)

O)))O1"1 niti t" Cost.
 

Th1c r'sllts o lithillilicial anialvses lotw iio inulsiibicld Systeml an(I a
 
S.Stel reeiv'ing ai50 )ticent sullbsid 
 giant tw'ards Ih liiitil installation 
costs are l)treseited inlITable 15. The iiilyses indicitC that tihe systei is
 
f'inaiciallv niattrtact ive, evell if heavily sul)sidizCd. 'lhe principal reasoi
 
for these negati ve N l\'s arises 'mit tlite ;isstii lwv rates oftlli'ltlllv 
expendiitures oil iuels tISti iuses hy ilioSt ollhe hmlseho-lds inl this 
hvpo; lieticial Collinltiility(l*illlcih lI 

Community Biogas System for Powering Food-Processing Machin
ery. lhe t hird uij)Jplic;iitllfiliretohir-(ligcstin Itellioloyg cmilsid(eiCd( 
heCI is ist0told coiiiitiiiltv-Ii;isciliisiiieS ctilTi)liisc. This lll;ilvsiS 
is based, ill pit, (in ilitoimiilit imli pliovilel lbv I)cclpak B]jlrich irva (pc'rs. 
Coliiln., 1982) fr ai riairil developntii lpi.jccti ill Nepal, it\(oI'inig tIle list
of' iogas t r poweriilig aI till- I tligiC Ihll is ((Iitiie (l Ifiall (l)il 
eXl)elle; iice llsk 'r ;Itlil grai i1t ill. lhc iilvl\sis lists itislallfatioi01 
culS, wal;ge raits, (iescl Itlcl price, Illi liilling chalrgs ;id~iIlcd Illli 
Buitji-achirvai's expo.tic Iiccs. lit' bi\lb l licuil caoil(nl iti\ (f six hllls,-
Ioidsllmwevei1 bleat s ii(i)ilsltil)laii(, Io Il ;atlliill (Aiiiiiiiity iii Nepal. 
The asstiilll)iinss iIll tihc aililv'sis are 

I ]F l,1)i s lilant is installed a1t1icois [S(L33,71), plis a l 
additioial L'S S7610 ow a diescl ilic (iicbunling illolif itiiis 
,t. ii io Ilse lii)gais to)sillil ti h l 81 lotwt0 iv l ti te diesel Itib) 
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TABLE 15.
 
Attractiveness of a Community Biogas System for
 
Cooking and Lighting Needs of Hlouseholds F to K.
 

Unsubsidized 50 Percent Subsidy 

Annual enet its 

a. 	 From 75, savings iv purchased
 
ful by louseholds F to K 188 
 188 

Annual Costs 

a. 	 Years 1-7
 

loan costs (6,; 7 years) 663 331
 

Repair, maintvnani , replacement 50 5)
 

b. 	 Years 8--20 

Repair, tmaintenance, replacement 53 50 

Net Annual Cash Flows 

a. 	 Years 1-7 -525 -193 

b. 	Years 8-20 138 138
 

Net 	 Present Value in 20 Years 

a. 	 10Z discoint rate -2,053 -436 

b. 	 201 d. count rate -1,718 -521 

c. 	 30Z discount rate -1,400 -470 

Note: Annual benefits, annual costs, net annual cash flowF, and net 
present valu c1 l1e biogas system in 20 years are given in tS$. Two cases 
are vxamiid: (a) a community plant with no subsidy; and (b) a community 
plant tu which a 50 percent subsidy has been applied to the installation 
cost . 

andl~ 	 i' S . .}()() ti1ll oid cXp~clcr, lI.(c h111lhc, gr;iia ill , ;1.ndl 

;ICC SS)'itS. [Ii' S\'lt'll is a sytI IIt' oI It [illI lccd %Iil Ii 1 1 ()aI1I aI 
(i pC tntl ilt t' sl e)\QtSc~ttI1 \m'l's. 11 is ;iSsill ilto I,[\t ;a lit, 
expctlalit\ (d <20 \ca'll andI /t'l) S;il\;igc. \ Miiip[clciail(ll aild 

iliontle tast'S art' 1()1 u 1li1l([ it] Ihc uithtI St's. 

2. ThIt' ;tiaI\ st's hltc ()it (iIt t(,I h4I Ilirtc I"N cuap;icil\ ItlI's,IItuIII 
I)ascd(j onl lIic tlIIIlitIII (I(i\'s p)cr .\carI Iu s\ rlti wo)ul( IW 

tlraled: (;1)300 dlasI cr \(' tci (blt) 150 day(lis pirl(uI(Is ita tl \ 
\c; Ir (11;1i1ca pi tIl(Iv, ;inI i t) 75'dayis Ipcr \(,t,l ((Itiiarlt I, CaipatciIv). 
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TA b1. It)u
 

t!ic t lvt01t, of a Cori ni S' til, r
v B ji i y l 

t-d l-g i i -rc-s-ig - -- --- --ll -- -

Ctafcity Ut iiza ion 

fill C lalf Capicityfpac ty 
(i0u d/ ) (150 d/y) 

Ao ialf iot it)_l f rim.lfb 

.1. 	 Huki . l inI J i/if 
210 k;/ h; US II . iIt 
It/f ki) 1,050 525 

rit!! 	 ard --d k 2 i/i d 
20klth
11, i j.00 Ip,,t
 

I .> i;) 800 
 400
 

c. 	Millnlo; k3 h/
t-rin /I
 
5f kiil I'S S
; i/U fpi. 
5f k,;) 	 900 450
 

2,750 1,375Aonniiiil fit;L>s 

a . sYct,ar 1-7
 

liiaiiciists ffi.; I yiari,) I,080 1,080 

r(,il ii .i t 300 300 

I/i('-t'flotI( (2 |id i 

Us, W .50i / 300 150 

.;ibir fli t it 3CI d/y; 

/5 / 7207 360Sfi/mont i 


t. li-' s i/-f, 

rS ni. 'i, t 300 300
 

Is 	 f0.',tiI1 300 
 150 

Lat-I (hbas,.a t ,. d/v 
,;i~i[
*ll-~ll ihi itn-


UL i 5/,J/f/nciit 720 
 360 

.a. Y,-iri . -350 -515 

. , ,irs t,-21) 1,430 565
 

ct P.-reset li,o- i .,aT s 

0i. d , s tvlt a,917 fI/I. ritt- -4416
 

1,.	 20 ' ciiiiit t- 'iL 3,070 -1,141 

c. 	 AJ(.diciiit r'ilrt, 1.716 -1.153
 

Iot-: AIlinuil t.II ts,ad costs, ollt iln an l caath flows6, .and ncL preet 
va1t-,,i tIt, b igitals ystmi in 2/f vut rs aru glot'ii ilt US . Two casis or,
cosniifirid: (a) H!t food prec-inosg 'quipli t operates at full capacity 
(3f0 d/n; h idf); altd (b) tfi, iqulprnnt oirlt- i l fal capacity (150 
di/Y),
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:i\'tilil~lit\ l ( I ll I ind: ,, ) ll iill)tcall liliivan 'ill nIc an Ill m. l lifltt d 
t"I i ,,,",Ill ld lo(; i ll aw r' all ( ()l lsiIII-IilVcrtmr k (c l al cI l ii , ll le h() ga( 

])]llll iltl (d i I ilt hi l ill \Vin r in,ltX i(i t llwlia,.(i t't bt'itir '( i lim t lal 

'+lillttF i ial' ])l til itlil(c il I~pi ( ' ilimIscl\' mts iil- 0 i l
igti li icyt c :]tiit o 8 i ' 

\'htalk ]it'ripm ~ 1al -(i I~~ ;l ii't'lit oftrill \%ill. be)~i i t(", I)pI , equatt\iI-r 

cIt cdI()t itle' e its t 
S(Ii) t sW t'lhe p l)iti illt Jr hl(cfilt' l ( (it' tI lli tits i \\Ill itpltl h itlityl h 

platisiill~i s i t t) 4t'tlt 'i,"tmi/ l'\ ii il +st Ilic t il from 

tit' l lt cit I~I( r s~tIlc t llt hi'i ai nll reat)(l- opel ,\ stin~t w:illtibi l 

' l ~ptii\ O ilY i. (ll I "~ inhig V',l sS itt(l ! tlill 1tutit\M ('() 1 1 11() Wlltl )( eitl.(_ 

(dl ailiilgal planl t andi( 'di lldl be (( ttsihcrc.( 1()ol.
 
>mial tlaclm pila ',la si ,fit l i(amit r(dhc ill \w]th tr o)r liml b~ioga;ts S . stemst
 

rt ,t: aIIilli l m-col n'aFCil,1h(, tih it(",d H,,lk h\ Imsc{)t I Ii t illit \. Present)lylii 

t( ilisidhciillioit ll lt)I( ititii\-,t.;ih bii()ga; (Itcvthy i cli fi Ilhll For) houtse,

lilt ])(i lli al (h ttIc I tl t Iilc it.t l)iN )p hc mxid Itilltniail co) id l lil in 
is iii rlitr~ill (Siith1 il, ( mi\+wilict t c, prei e' it l'lttelto ofIlitc need'( ltor 

% ) IIII I Ir I i ha iI +IIh isl'l ( 

pali (ll l<t, l l, 

cm;ii l ii Ih ( I', I m ( t ili I l\-g;I .I i tItlc ' i rb( 
alk,(Im's, i I k 

(IisIIS ' l li st %I I'\ I Ci i ilI)Ii isi~ ltt<' l I liI ' t w ili r i it ( l )l t i~ 

ai\ aii ;1lhi IhI\ (d1Ih)(.I I alIil (iw I il)I I ; l I I a 'cri Ils ;it I I i)r, I(wg cI'Iht-'r w\' iII 
Iit( i it' tIics I o-l ~II ; ill i()lI (I ,tthII;Il i\tc it~ tI)dtaitISt.\ it c,. lH tc 

;1\"aiilaihiliit \ d t(IIii-cil)lt will al)b 11imtipoi 1t11litl [mh~t 
I ltVIicp )I cltI'tiitI I f iog; Is p)lalt , l llrt' I)t Idl't I I III ltI I\III i Iit s \%il i be (I(')'ip f 

'1;1( 1 (i s: Sm IlIc 11tI\tc he I'(I' iis( ii "s 'Id iIIIIi l a ph[lcir. Bct a ItIsc lbi()gos (1t,tl,. 
+S ltc IIlIS, t rt'ilIici \ 'c t, \ Il (II11t ;hI (ll +Ia ItItlltIIII 1 ht, Ilitl ' iit( . II'I I lI t t( r <)1



I ittt(I l I l. lls lfde I l (id.I
bye clt' hI eixiit If'u I itI of lIt'g li i t I i I i t pil red 


ioiik o iltan hiloitt isti s lII(. ibd,househld orilto Nlii(Itt 

I. t I iII It ItIs ofb NI. acII Iit .I F(Ii (uIIIIp ltt i I tI I IswI gIII ei I\ v t I o si of I
 
s IitW I(etvuiIeti'l.I
 

aI ai sti le.ttt E i s 's ifi p t~ t iitit c icii ii ~'g'l t'ti1lOrditt lit c 

tiltw t iettsetIt dlt (N te I())i htl lit'c ciit'f-Owt(mltii) o ofhtit, 

(lie ttti lItte 11,1111 tet ililu liii (If owii approi eyijtcti (if e d lhe telIh 

w1(11 oipl ies ItII cNhi ow st itss III(II~Iui its iM e i di W d ict55'lrtlt asiit't 

I'rtmi ant-ro (:() Annul1lCosts.I\ i)s rdele toi5IItsltd5 lifebyNItWlei 



assiglicd here t1) Yca 0," s is I Ile prict it i niltv text h)ks (tt financial 
analsis (e.g.. (Omnit ;in(it's I97'i). : pnject nimv eintail niYr 0 
costs, fI e.cI,'if iI is IiI t;I t' ti IIrni hItfh nk Ih)ans (ori litI(tdc ntii 
s5otnt's &tif it.i h. l c(Igo IN i itIItI c)st s is i iI(.n rted 1iIlglic stc( 
nli (>t';italiin (f the ssitcit and1(incl ties Lib(l,ntitteritl, ho1tin ie.);lvlitenl 
C(OSS, and I hICY iC(xilIss. .\IIIIA . (0+1,IttxI)i( i ,I ,n \ fi]()I \taI to (I"l, as 

illlist:;-ttu )\ .Mltillik (FSC(1.\l I ). ( sht ]()\\v tilhts (ste t'x illft.) aIn
I scdIdpctl hIIIItt I (I("taf .I henc~ at'c p I itI in N PVl~l .111(1 I~cl' if, ;if (I I 

it)I Nhscs. S)t( if If t iihII)rII.i nI in i\tiiIfl)h' ftitiritt) 't111+ioifl il(its with 
-b~iogas la~ inl iI)dcitl, ()ni ht-ii (lith~c tcll ( ()II1l)(nici~ll p)illis will liccd e.( Atrxt

ilng, rtcpl) , M)I(1)lanIl~tlltnl. 

lI iit\ antil,ts-s (I )ligls It i s ii in at" ft"t Idint O tit iimw (InsIs(d 
()p raIt i I liog;Is pfli II tt.I ()th 1 Yctar 0, tI ntitiIIIlt (Iover theI liet Ile 

t) siIIIplifI\ I 
for this en I;tfi ,,,t.fl aIIlsi s i fI'hc i ;II f)ioga;s sysleIls: 

(f tII pf)tiit. I (hoitis for lw) te;Is()[ ,: f +irst, t' piresenttion 
t ilttIIit ,tI ,L' )I bf 

aitl sI i()nI, tc,Iinst I i ()i ad lrcssIig files aIi Ilhses I0o ; i\ i tIINt( l)I.,t 
biogas plailnt andt thus t() ttilill ait detailed ser-to)-\ ar casi fl)w 
s'(tiflu ht i tll)ppti)ritt. I'llc tse oI \()iw-tt-5tti cisi ihow tal)les will I)e 
lcsh il), I Io i It iing ;I specifitc p rspecrI,iseri,deIv()hpit ient w)rkcrs

Ik lit(,cl' p .rSs lcttln ill :I tII 1tural situalt ions. 

Dletertnination of Annual Benefits. A (ifst BiyiAn It thAf lAvi If 
henef its fl('l ita iiog s plilt is pit's.tltf ill dhltil clstwfiectv ill this 
chipter. .\s with llitntiatl nosiS, a lilt htniteiils ((til(f also) ilx fr()m sear t) 
year, (tI", o iitlc pci-forii;itt c of the arising from)iinigis hiog;s f)!atl 
0 lanI gi IIg eIivin\titittfltoItifi to or itli xluar\ tIle price (dfiolt eflrcts ()I
le,Is Itha I wtvrt, stI Ib tiltII I t( - h gI,:, s.Fi lipIi i I N', Illy. auII; 's is~ 1,-h led) 

asst e.s tfi lt e tlnt;fl liiitfl its i ti u t li titnn tyeit itti oft itiogas
Ss teinl a tilllihirll (11 iln l ch< ih tillt <( Ilct +,s t'l I. 

Determination of Net Annual Benefits. Ilfusc \;t tis ;itI cit Itlllt cd by 
slihir:acting lll;;Ii I utttl h ltl h intitial( (osns n it its. If, for tilv 'ar, 
tCistse xeeif atnual benef its, tht the net ;inttit;tl flitili is expressed as 
it iegat se \ litt. 

Deterinifation of Net Present Valtes. Iwo( altraitte pr< utcthluiyes aiac 
lo()htwe, dfeenting ()n e ('fl lahfhs it iiscd orwhet ftr car-tis-etl)w 
wftf ltiioltll inilntiaflollts ndth ftnlils are issiilcd. With Vct1I-()
%'Cearillilal c()sls andf itefits. ithl itduistdutl et annultintafhe il %Ailln s 
are tIltil ipfietf b\I llc ap)tr ilt' *sinhg ' [;yitn t present s)orth lfcttr, 
whilch is rc iki f )tit(l ill titl)in it'i te st tablts St( f ias tose jl()\itl 
ini (.rtit .nind(fitfiers 1976 or it Krcithot antdf Krcith t91 . Infl te( asc ii 
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ill tI first tilh, N P\ is ttjiul I -f-I'S S6.97: in ill(- stotid tablt'. using
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tt)t . itit 5 ti ii i ilt'I mIiililiii ;iillcl'sli 't( 1 .(IS lot2 tml' ) . lI'llt, ](.rc a ii'i l l iisiligtIIt'~( ()SI \( I'c dlcl iil1llt't cm)ilpi]t lld .iltcrt'sl lailehs, fioli
 
\\,lII th wasl H! lc il tll tllilml:l scrlitcs ( ailili I'tcl m cvt~ \ faci~l-
 () ,. 1 7,1(i
 
Iml anl illit'rI'+l I'ilt (dl I10 pct~iccilll 
 l( i a -\carll rtcpml lilt i .T~li)l lhe 

I "liSt97.5II oti t .olillull itll
 
NAilnulill Cd FIll .
 ast iwd(" ateO tt Ialiui iv I nttitll ctt)eIit.'.$ IS)M ). 117,tli It'S S t16,.98 

Annuai l Beneft~is. Ihmiscth~ho l BIt'lil "i;I1);lli t(it ['s S.t100 111Ycalll'0 to 
I lilili ct I Ilit 1 SIAtiLii Iml (.()l s (dt Ihc' l'Ogal s\ swltill, I'lle' ,illillial h)(.1ltsl
 

tl'mii Yvt'ars I lirI()iil,- I ]ili('idcl( I'S S. 50.'l I I 'I ali i t i 
 ali tI'ri ili/tr Xvlllt 
Ilr(IIli ill ('l)I)]( dkl (Ii 'c"limi (.till It- (fillig' midt<sai\ Ii, Ir() ll IIIpr hai ngllk
Iuss+I irt'\m mlt id~ ktcl')stlit. Ihumis'hold Bl stlillllt I 'S S5.:2 <it"I'i*'rc\v' H(t 
pct'l \ cmli mlidl I'Sk S 13 (11 kc'it ',t'ilt' Bccausllct h1()ga,,l hi Iihis, .1i .illlitcdlo . l~~ 

hiim iitc )ill\l 75"pct'l( 'l( lit I I t cbtlt'0.I i ls tlw fig~htin and!il (-t)()klli, 
Ifh l ll l [Is III~tI ihc\ I iil;iii a x' tcllll I llakska t',S S39/.00ll ti>1 tUi(wlrcwl and 

Net Annlual Ca'sh Flow+is. Ntcl iliall caslh I lws arc't detfImlinlicd byV 



subtlrac'tig annual c(sts liml aimtitial lelits. Tlicse are illist ralteid iII 
I lic lablc ill Ihis iic. 

Net Present Value. PItset \;il ts ;Ie dc terl It IIb\ i tIlt tI)liI g the 
IniIitl sIhI tv ser(ie's p tieSet worthI'actorI fhows b%Ihe ;it)ri-)ti;iet Itilii C 't 

(;Is gi\c i iltmiIl)t Inl tirest IlaIles). I jilustrateiii~ Illie iiexl laiablct. ihe 
t(lit-iII i il (ili I \ tll 1 aiit) I Il3Isc t I II 1 li.f.,,t jIcsItedo 

Ithe itgas s\stii. I'li N l is detetIttiedtl \ silht -igthe piitt'lit 
S Ilt'e nill Yt lI ;lith(I 'tt'i,, I Iltit itlIi 20. (Ni t,: I tI i t Iik is s\st Iiti wele 

ImlIiltailit'h a ht i, tiel - t S.10)0 w tilde llthepr.s lttli. V lil 101, 
'e .( ( iii l]t Is fttw Y'iais I Iiiii t 1 tleldtII, ltit ( 2(0 wimiiil iml itilt hiatt 
Itj )I\litc I ,stI s. 

A. I lll \~IlII Im tlV lllliial 
I itiii i ll ctIi 
lestcill \alhit. I c-tscilll 

l ~itl mt I slI.i lIo%\ I'lIll t hI \;Ilhlt, 

lttt lit-ill I(lS' sI *, 3o1I;.t20, ti (SU'S) 

lii ll 400 0i0 

1111i.110i Il0l.00l 01.00! 0,001 

8t 
(1( illPeicelimt ti t fd.0iii 

1-20esihiil Risptm t iei ,laltlli 

hictl
S.I\ hN4L,
 
.,.I llt\v,,)< ;j!ljdl
 

t'itlsi. vtfak it t-iilts 
Iltsttcl Rvc~llllt i(..,)i
 

1,It l) fili.98l + 710~2 3.3 1G +252.08 

N IT 4 l'S$252.()." 

-1t...sjt it il Iit ilwsh lh itsieL\its inIICt b\ Rii Bhiitt i 1 1iis Ch llilt, 
(Iit'sol lilblt ;Iii I l'ice diesel tfligiileItucl is;i\,I a gi \cel IolOr'kll ()pvt ltoll >f,;l 

H O 1<m)(l-prl'wo.'ssiligR 11,0l'lhe'lihgas ]planllII1{I ilil )tIl-IIIihiet platl, credit 

slio ll I l~kti i lIt rII1(it" cveltit i rsel ttitl sav'ing., lete a I , iillfill-

"~ls ll. lIte ,ct'ItcI;iI illlNt'd 1 llll is Ilhil hlit-'lils I-mll ii et'liftiti 

li iti itilx he VS\siltvahw ttfdiesel Ilitis stein I si\ed) sliildbe 
(listitigtiishid I!ttit ltficfts f tliithe its fiiii)g;ts (i.e., t lile illing service 
Ihal cmilhid he l use Itifigas).tlech hlIechiitthoieis t hat do tittl 
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11 
Organizing Current Information for 
Rural Energy and Development Planning 

Richard Morse, S.C. Agrawal,Carolj.lPiercc Col fet, Elizaeht FIoset, 
Rainalhadran (;ovizdarajan, andjliuia Raiaakrisina 

A: 	 "Inlac, we have catcdied alrledv how itich the 
income wilt Ie if t heImil riis 8 tours, 61hoir's and 
Ath.urS. The (jlUestion is whet her itwill run 8 hourns 
olr not.*" 

C: 	 "Isn't it 12 [nuits per dI?" 
E: 	 "No. We have to subtract ;atleast .Ihours. 
A: 	 "We have to be careful all( have to consider whet her 

grain will Ix available lor milling..." 
F: 	 ...... lil Morall, they have a lot of graills and they 

have any ttiinigs to mill, whereas we have a veryI' 

tlnited prmduct ion. [eh r, sollled(ay we iiuay feel 
it good Ceotlgil il'l tc mill tils otllY aloIt (i houIr. a 

F: "Wenccd 15 tiis of (iing a dav. Isn't that tie?" 
l)eepak: "Yes. '[hat has to be Fresh dung." 
A: "Ifvoil ask tite to tIringone ol two tills ot'duIig, I will 

brii ig foi stire. We shotiM bring the duiIig util tile 
tank is filled.' 

B: "'Ysterday, Io iomisedt provide a tin of(ltlng 
ever'day .Tliismorning whn I went to see it, I could 
not believe ihatiticre wasn't as itich as a tin." 

A: "We witllieas tl,ding. 

-(thorkaltc, Nepl. lebrtuary 1982. 
(I )cpi)k Ba ,ijrchaya t Ci ltndra 
(uriig 198.1) 

'he (horkate exper-ienice (leuioiist itts5 ulighlorhlioo(l ilaning for 
investment in a lew technology.The firii Families anld consniners 
themselves at their licc-to-fLice planning scssiolls provided hliost of'the 
info 'tiie of iilling (a break-Irmnat ion required to calculate a Itihrieshool 
evein pit for tlie coniniiitv), to determline t ie effect ofladdecd votntie 
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o)I Iproh [albilIi IN,;and to cst II IitII and nicgot I;t tic I cStuIpply oIf adc,(luat 

ofI IIg. 'l alaII , cili ii t l liimaIl 'sis Im'pinviditi- knowledge of how Io 
or'gal~iv th t tloassc'ss \,i; I iIi Iy, by addhlhgd[ t It I laindIN,aboutI fIis Il I >If ltlo)l 

C'xtI *II 'ti lctm-s, ;11( bl dIh I Ig so I I I bi s ic o lll ltot Is. 

I I stnchIloca!Iph ililig, o~llc I t II ditl tcIta I (1nt'stiol I is: %\,hlith 1, l' ata lIt 

f nitI ouliside ii Ist .badhlded Itoh wla kiiowlvcdg , I<) build the total picture 
ilh(. t(Iillllllllit\ lict't'Is ..\1li ct. 1i: Ilow.+ (a;ll local retsidet I l'ic and fillchd< 

sticl kii%,I(-'h' eItlicimt'ls whiht' 1.(.'t;thIlllwdu lilt- Initiative+ill dectision 

maIking an It ll IItCW)H;it hons withll) ll.I ertot'i ga ill t'ill< st adv'alitageolis 

lei-ills it ll il+ \ t.c,ll~l~t ll 
T'ii ih lischapte r l it ' l it apprl chts [iiil'itir l sidhlltS Ilse 

h itci\ iil b1ht'll inds, lit' irleeiie 
tI ii ;'ill(il(lililii l s s or 

provides iii ,'iili ,\ t() t it it'i l ici i i lii H i1-f.' lnks h i Ihdakl l t'ilihlgii 
S/lit' hiit, sC lii l il ioj)-u iiiii ill i l*ll (' is i i I ltil Oiire 

to dc'lc' ht't'i -1iti iii iitl l ii o a 

(k'hi 

Ic tv\ ilI il liitilsionis Ill lIit,, al~ si it'lil. Neetds po(sed b\ (lifl4'r-cm \villaigc 

groupsl I Ji w iiil -mli lt'll looill , ilI ill'l l-lmH iti 'ilI\ , l is[t<'ts 

I I.t'putiuk. ii Ii iii \ lisk, Ih e, hwl" or'si lli/ii,its ii t 'frlllieiit'ii-tl 

(lIct' l1Cilrit ' ii <11 111(1 Iles st ito woi1 k ' f)aviiit'-liil io'leiis ofllt fiid sii 

alii tll i l fIll,dilfet Iiiici. 
Ihte v ti ili [hi (il.If th tial us it ;i l r it'ii i ai iii fit l I v 'iiilisksa ' 
lihuiLi i I k)1 i I Ies.'cicc c 

pl iiilt" cooklin sicit i lI ii-h- c k-Iix5III lit' s 1Icru ial decisiin 

0 liigesCIls i u ii l' l t'ililt'l I. t' l l siil i l a dlid. ifi iii lil 

ptllln tiaiiigl I eim aitoishkli e a stesse i't'clightlit s I ill IIlls alt'hiol 
A%ba~sis is Iht'it'c\ Stl t01r adapti~ Ing siitci I<mill pI;Iillliili,4 kiloleli(dgt, 

[II ih comlaii l'vcilli ~aly sis, tol irc ilmllll andi, 1lionali~l p !IC~V 

I)Illllil lilli)-pstes. 

RURAL RESI DENTS' IN FORM ATION N EEDS
hii(l iutt'ul i i i onli baisl. +,1'i k, l;ill iiufoit'i'ii t wh'it i ,li h 1( l ohi 

FOR ENERGY PLANNING AND DEVELOPMENT~lithlol)Ci \Aiit'tXIC11 sOV111(1iom1n lluisksllIh we11caltinN'cl" 

[ ;Lnd, worik, midl(tiliit: t he'se',i kte% ircsouri iti s ill the !ani tgtu :iiid 

dectisionl (riit'r la oft [l ltl-iilh i mS;ld oli' ldlt'ss 	finlnilic's whoi work 
' 

-1 i t 	 coliilm4(liiiii hit's id c nclirlgN ax~iilabhl IOl worlkember's ()f 

;llt" critial cmlistI iiis duingli pea'ik peit' milts. Ifl l'ill f.aimily' Ililnm telr. have' 

l%\-),o h ts bt il l cmi nd biilocl(k-da\lX 1)1(pl:\ ()iit(i i to Ill ilitle for soiwingl, 

Ih ill. ISl dhctidh ()ii tilt'. ba~sis of iaiaiilclt Info ai on~li(which plot to plhow, 

wh icth c rop o lr v;ii t \i ,) so iw,iid h o iw toI ll a ic a sk s. I t'Ilt 'w te,l h tr 

c'hallgets, oir if signis (d ctilgc+t arc't pctr(tcix d. IItcv Ill, N.chlilgct lt -rdeci

sionls, A mongill c lii I thltst' Chloicets are+.it' ilc tltrl'ihill +io--c<ti hto\%iiiut'h (it' 

aliiv) ,!ra'liliihl(- I;111iii\ holds Ill storagel~t, which cillp is regarlde'd as, moi<st 
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resistant to weat her changes hrough lhe Ihar\'est, and wIeI her the fain ily 

has resources to borrow tillock time or lease tractor services. The factor 

of tirw enters tile decision both as a poini (today) and as a low or 

sequence (tile harvest season). Unitsofland, per tin',t ofw 'k, per tinit 

of time are the differential or marginal uinits of alhcat ion foilmie and 

womieil who farm and who engage in 'armwork and food and 

filel gat hering. 
Diversity iinchoices for combining these inputs has beeii emphasized 

as "tile critical factor in the eflicieili use of scallce resources" inintensive 

farming systems (Richard -larwood 1979). "As anv resource becomes 

scarce enough to limit production, diversiiy beconies increasingly imlipor

tant to its optimlinin uitilizatiol. Earlier clalpters have established that the 

knowledge held b\ rural residents is a crucial hase f0r discovering and 

utilizing diverse opportunities. Tle complexity of idelltif'viiig and obtain

ing pertinent external infbrmation that will add to their knowledge ill 

iseftil ways is evident. 

Decision Criteria of Farming Community Members 

of fiiiIIilv Ienlhers are 

central tLictors in their decisions both on colsiu toll leeds anld el 
The iIuiinhei; sex, age, and dependeicy stit Ius 

li 


prodtiction activities. lhese aspects ill t 1111 ilwIjerlimtations resultiir in 

col'siderable local diversitv. l)Tcisiou ro's aInd dCcisioli IleeCdS of miIen 

andli altlhoigh in flue'cfd I cultre and society, are also tililywomneil, l 
particular. The quality of specil itity illkn wledge liteLds is reintrcci. 

Problen identification Ithirouigh dialogtie bv1weeni researchler alicid 

rural citizens, as exemplified in (;hhoprak liiclia\at, is an esseint ial 

proce-Ilre fOr establishing comillunicat ion paths Iouse in defimlilig and 

meeting these inlfOrinatioti nieeds. Sich fitce-to-Lce learning enables the 

researcher as well as the runa ICIseholhd1r I)broaden their knowledge 
hase and its tiility fbr action. 

Defining energy quality and energy efficiency ill terms that fit tile 
ure is a stcp iii this process.knowledge iap of pcople who live close Ioliat 

Residents' interpretation of their owil eX)el ieiicc and information iinthe 

light of'scientific formulatiions is a test of liow I'ii folk knowledge and 

modern terminology can converge. Stiniuli to innovat ion arise in this 

"hazy" realm of'new words and meanings. Room is open l )r tile inlnova

tor's filmict ioi CI crealing new valties by clinlect ing p)ve\iouisly tinseet 

dimensions of 'te iii realms both iiiside and Ciitside (Fredrik Barth 

1966, \ijav\ Chelhi and others 1977). 
The titilily of'knowledge fOr wider policy an1d planning pi)rpses 

depends oil stuch local tests Cif validii inid oiilhow, whel,amid ftr which 
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questions local inl ftIrnat ion can sa k l' be aggregated. A Iftniction of'this 
chapter is to illust le these issues emplically. 

Indicators for Analyzing Rural 
Energy Needs and Potential 

Ie/have estahlsit lc the locatioli-stecifli -, heterogeeoas nlatre of, 
rural energy systems in earlier chapters. II the effort to titilderstarni a 
particuhlir rullal eivnirttit , thceftore, great caution mi t be exercisel 
in Irifrieti"g m. interpreting dila From allot her sit ia ion. Slitable 
terIllS eo the sit Uqtui-,pificitv and ouality otlata, asneded to dltot 
it gtlial against "displaced collcluetss."We will is.e hIter asa lexicon to 
defitie (aila qaliliv It Itel s'li"'t l _iicil:to' le incolic ai l 
"dliagilost ic iiator'." 

Need Indicator. Need iidlicator is dc incd as a nibeirllcr orati tIlihat 
establishes (Illanti[\ rclationshilis wilh stifficieni reliability to he used 
in local lro iect cvallatitl aniil Iesoirce allocatiol.l be regatdlel as 
reliable, either oftwo crilera roust be iet. 

(ritoion /: l'xperiiiilital oit physical evidce involving variables 
aito Cotitrols that reasonably slitilait thc palaili' ioltsehtld 
and village Conlitio ill utestion. 

(Cit'riteo 2 ii-depth village or- u1licIisile st iolies having high samplitig 
aild data collect ion reliability, with I atisl cal cltaacrtrisl is inlicat itng 
reasonable stability ill ii \eanvlues or revealing cletr lsociat ioi wil i 
specified reprodrcible vairiables. 

Exaiples are relatiotns between imld cooked and uiel constdiii(l, and 
between crop variety ail water reqtiiteniisi .s.No coefficients will be 
tetcd necol indlicaiors ill tihis voltite mtiless they meet criterion I or2. 
)copl'es ;lssessmltel.s oftiqolrqtlIilitable j)/roiect aspects are of'coirse 

cettrally itliportaill,iltlsitg nieel inldicartors to evaluate rojtct aind 
allocation chtoices. 

Value Indicator. A \valite iniicatir is defined as a Iroxy riteasilrC of 
scarcity.or exchliaige vluc ill noliltloltet izel olr partly lontit ized ec(tno
lites wherc labor anl goods lirgelyv serve tr are pori'iceol fo" Ilie ltise
hold's own rise, or ifexclhattged, aret nit tillin-kitid or l)aei basis. Exal-
IJIls are Elizaber t IFste's estttimat oin oft lie valtie ofdlrrig as titatire 
(1983) tidI tlte itewood/dting cake energy valtlition consileted ftr 
i iorlth Indian case latet ill this chapter. 

Diagnostic Indicator. Rat ios sticlh as persotis pei sq kim, cattle per 
lpeison, percentage of' net cro)ped area ilirigateol, aid percentageiof 
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soulrces are 

understanding of'con Iections between elnergy deman(I and 'ila ing 

syslin characleiisticS. iI local )]li n iig, st tiIdXN of variances aimong such 

diagnostic ifi(licators Ile Ips to idenit'y key liinithig or surplus ftacto's in 

lhe arni Ing svsteiln, and Ioassess priol'iies.Relat itonshii)s among several 

indicators mnust be Stl )oitsofstiress alia 

fuelwood collected Ironi owll ircotlllln01 ised herein to gain 

t(Iled, lowevei; to identif'y 

oppo)rltlu ity. 
Significant (Iiflerences between iteit I'ahlies ofdiagilostic indicaltos 

are guides floidenitIfxiig Ihe rough houttIiaies of f'artinig sN'steiIIs iild, 

()I a wider siitia scale, of ecosvstetIIs. Maps dleliietitng slc(h distinctions 

ate criticall\' needed.Otherwise, nIliolil policy laillers ilay assign 

diflereiit regions anldi sublhregiois "veIlge'" \valles thai incorrectly ihly 

defticits or suripluses il fIod, fuel, ainl related iliplits. 

A research p)rogressioni fFroni "diagnsiic'" to "nIeed" and "value" 

hdicators is envisaged. When atset of (lfla of sufticielt reliability ol at 

lpaulicillau diagiostic indiicalor is obtained o ieet criteriohn 2, it would 

(iuialifV as a need or vlue ilicator. lhis )roviles Itest ol'the adequacy 

antdIualhy oltaat h icldto nieet enieigy and riual de\elol)iltenlt 

I)lutnntintg pturt)oses. Inusing such Inldicatois, we sl)e'ify which defilni

l10nl -need, value, orndiagiicslic - is ittcIleldd ill ealth case. 

THE COOKING SECTOR 

(ookig ci'lstitlils it) to 70 lit'rcent oft hte ellerg used in rtral areas 

lc'ie\elopiuing countries. Ihis Iualteiid usC ni1li\uvated ouiretnphasis 
oilldoimestic cooking fuels and tetchnologies ill (hapters 8 to 10. Links 

between cooking fiuel and fuilflilinei of1'iod aid nutritiin needs are at 

the root oftll:s motivatioi and offt'r insights ito rural families' oTitlooks 

inresource allocation. In tiis sect ion we undertauke to develop need 

indicators isa tool iil assessing enelgy requiretnieIts fi' 11111ritioni. 

Nutrition and Cooking Fuel as Basic Needs 

()tie olser\ ed respolise to luel scarcity, as already noted, is to reduce 

ile nlililbelo hot ieals per day, to increase coisuiiptioti of incooked 

t'lod, aid to heat water fIrtea i"criffee to below the boiling poiit. The 
healthIhplicat lolts ,l1tihese ad<utst liis ilte iliade(uatcly uttid'erstood 

but initially suggest a lpossible increase ittile itcidettce of, food-relalted 
disease. Nutrit ion itay also sufeti" ftoiiu decreased availability of proteiil 
antd sotietiies caIlories ill unicooked oinl)artly cooked fIods. Unavailable 

proteii in grin (cowpea 0n'chickpea) that is ptarched, fbr exainple, is 

,10 percent, coiipared to 7 perceti\when grait is well cooked (Charlotte 
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Wiser 1955). Similar efloits are f'ound ill sovbean, il'it isroasted rat her 
than groundt as fHour for mixture with wheat hur (Noborti Iwamra, 

pers. conim., 1982). lIn soie instances, of' file other hand, local methods 
0i preparing fOod wit loit cookiig can enhance nutritive values. Sry

beans processed wit hi igus as a cake, a household Industrry ill lnone

sia, arc a good p)oteinl SOIrc without cooking (Barbara (hapmitan, pers. 

comm., 1982). 
'Ilie illlplications of'these resiponses to fuel shortages iul)ci to l)e 

iore severe fort pai icular grlups, icluditig tle small latudholcer and 

landless ailies. Ntitriioinal sttrvcvs show liese groups to be espec ialli 

prone to(deficient diets in ternis ofkcalories, protein, tnd vitanins (i "Isti

tute of' Nut ritiotn alnd Food Science 1977). 'tiergy tilicrost lidies cited in 

Chapter 2 andol below have shown 1thiat tie saitllie groups oficnt have littited 

access to Ihiotass (ooking fuels. lhus these gl'()) lle particularIy 
vI\lt.Irahle toa\ red ictiMs ill I le airiilalIilitv of f60l 01" tIel: both can 

affecl Iheli itutrit onal stat us. 
Investiyitioi oft lie Iuel requirements liir a given level of uitiritioti Call 

provide t lie Ifriiicwork hi minure Ilmrough utnderstanding ot lie fuel/ 

I00(1 ecno\'. llhis ecootmy is grounled il both domestic and agrictil-

Iuii,"t spl)itCY's IeCa(lse Iood and fuel are intecrpeldett in ;Ie cooking 

sphere. Fllev atc also related i iii often, (OltiIetIi yIC tiItici ifwe 

(tonsider land uise. 

Fuel ieqjuiirciilcits okla given iitritioial h'vcl ace delideCtI MIiiseveral 

laralliclers S)ec'il"*, t lie local sitlatioii, iilcltidiing food(and FIuel types, 
stove eflicieticies, atd oIher flicto),s examined below. Ilie rltticil limit 

fldata now available (m t Iese ftactors is quiyckl reuied, since testiing has 

been limited largely to siitlatiois ill laboratories or simple water boiling 

tests. Bit lit tie h<ousehold tusel. whet her or not the most efficient stove, 

fuel, and pall tinix accordi g to laboMror\ Conditions is tIle Iest suited for 
elficiently cooking tradit ional meals aud local starles reniaiins a question. 

What ie lile Fuel reqtuireneits lho 'c)king fioo( io)r a fimil ifla given 
size lot' one div al current levels of hiod/fuel cotilllnpi ion? What is llte 
per capiti iincreiiieiit of fucl t hat would be required at impioved levels of 

nittrition tuecting the local diiinutire q uireieitil Iliese numbers(laily 
can contributte to an imp'oved understanding of' fuel needs derived froiii 

hOod ticeds. This relatioii inittst Ie utderstolod if sustainable and adequate 

quantities of hood amil fuel are going to be produced froimi a giveti land 

base. Fuel links to tutrition thus have important iIllplicatiolis hr the fhod 

policy )litie ,aswell as 'r tile village researel atid (Cvell)tiient 

specialist concerned with either hilod or energy. 
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Estimating Cooking Fuel Requirements and Efficiencies 

Women and men who cook observe direct l lie rielt ionship between 

quantities of fiel consunied and food liepare(l.They ofteii can give quite 

close apl)roxiiiiat ion oft liese ratios, ii local units, and can explain several 

of the conlit ions that in fluence their values. Ftiel/ food rat i,,st lierefore 

provide a good starting point for"discussing fuel e liciencies and require

ments, even though reliable nieasu einent oftlhese quantities in act ual use 

conditions is difficult. 

i-ucl/food rat los are sensitive to 

I. fuel type and moist urt comteii 
2. type offood anod its phvsical state 
3. stove efticiejicies 
I. pan shape andImaterial 
5. cooking mode and practices (e.g.. frying, baking, fire-tending
 

1)1act ices, excess water use)
 
6. scale efficiencies. 

With controls on variables (2) through (6), the heat iig values ofdiftleiit 

fuels could he mneasiired. li)r a particular food and fuel, ifi hree oft he 

Other factors are held constant, the effects oft lie final factor on efficiecu. 
will be shown hNv fuel/tfood ratios. ()r. if 'aii les (3) through (6) are 
held constant, the fuel requirements for coo!uig difl'erent foods can be 
deterinied. But all these are widcly variablC coii(litions that art rarely 
specifiel coinpletely enough to pcritiuit firii ci),arisoiis hct w,'en studies 
(see C.S. Martinscn and .I.()sti-ander 1982). We recoinciei Ilearning 
from the cook's own knowledge ofthese ,,iiwliiois, Isa guide ill stiuict ur

ing local dta collect ion anid tlevelolmielit eflolrts. 

Efficiency and Access to Efficiency. Units of,measure lfor recorling 

and reporting fuel/food ratios differ importantly in meantinig. Weight 
(kg/kg) and energ' (kcal/kcal or k.i/ki ) rat i,,sate the prinicipal exaiiples. 
lFor consideration ofefficicncv od Irequirenicts, these ratios serve 
different trposes.

[he kg fuel/kg food ratio labeled "specific fuel coaliilpt ioil" b 

loward eller (1982), is showii in his studies to he highly correlated with 

fuel eflficiency (I-= 0.9-1). Geller therefc i- says this weight ratio makes a 

good field pioxy for efficiency as long as the food and other cooking 
factors atrc reasonably consistent front meal to meal, or from observation 

to observation. I'lhis uneasuire is really only valid for a single fue!, not for a 
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fuel mix. If used to record fuel and food use, fihod (Iant ities ill tie diet 
should be noted so that the result ing inlIoriiat iont caII lend itselito a 
ntitrition/energ,' anialvsis as well. 

User discussion olellicieiic' Lfclors can )e ticilitlled Iluroulgh use 
oIlhe Iel/ ood weight ratio. Users of woo(d fuel woltI d iIIIIienMact 'be 
struck by the cotnaittive ratios inITable I fobr two tYpes ofal iniIIIII 
pans used in cooking rice, which indicate that spliericaf-bottotit palls 
(kg/kg = 1.6) are more efficient than flat-bottom pains (kg/kg = 2.3). 
Tile evidence of cfficiencics ofts(alc is also of intcrest. A kg/kg ratio of' 
0.45 is observed for cooking Iotatoes iii athlch of'.]. I kg, compared to 
a ratio oIO.9 0ir a batch o('1.36 kg. 'Ilroug h sth ralins, controlling 
I,0r all but olc variable. effi'lciency effects inothelrcooking tlsk: can 
Ile examlle(I. 

Sui'h a rttio illav alsoioftlet' ilisiolht ito ilctors associatcf %\'itl difeleil
tial ,I(('cess hngh >nrnil Islani's studv citedl ii I di(Ito efiiilcv. 'l'og lable 

not show a ofilttic be'tw ctlay\' alls o't li sauec
n andlillin 

shapie, (.Celler's stll\dfound all ,axe'ragt' ef'fiticv of-I. I pt'r'(t l t' •clay 

t kg/kg ratil 
cooking with ,clayl)ts was 1.52 (tieai (of ti\'ve htousef old obliscrtvions)and 
t,1 aluiinm pot 1).95 (iiatt of'ighlt ohscrvatioos), statist ioilv difet'
cut at the I pect significatce level. Sinice ('la i; )tsaote tvt,icai llh, 
bY local artisans, often oin tbartt'r oi in-kiiif bIsis, while( iltiltl) i1ii POts 
nust Ibe bought in tie matkei, we mt' v ask: ate subsistence households 
olelinoletlt 0n the Iless ('1iticitt ('la' lunilies wit t sur)lus cash 

pots and 7.2 pderc'nt for ahmnliun pots (1982). 'lh fir 

potls, while 
i'COttC saVe fuel by using more (ff icttient Aumnittinll pls 
The lUiestioii isl oscd is rtelevailt t) w'llitc eflects oft lie two tIles 

ol ')OtS ,id toC S!Iilalioli olhocal fue l rt'e(uit'eiltttS. 'loestimt' widet'r 
ilh'cts, it might be ncCssr\ to 'ompaet' tile t'ill)lo\'ittett-genralting role 

otlo,'al firitg ofclay pots with thatt of' aitiilct tire and distribution of' 
alttminuti pot.s. Ill terlls ofoerall energy elficietcv, it might be neces
Sat'V to exlt d tie s'sttttlboundary to compatet lie ei. 'rgycotitent of' 
locallv fired clay with that ol allintitinipots [toni the bauxite mille to 
the village. We coti>sidt' lhese secotndary eff4ects to he heond lite at taiied 
state of the art illrural energy analysis l this stage. 

Ill ;d(Ijusting to(st'itv, illothei ('irciiilstaiices, )oor li.itilics Itave 
been oloservefd to itlsefuel wil l grealter technical efl'iciency It llIhigher
incone himilies. In thile sti hittilicsNalagrauii d\, r'elatively' well-to-do 
cook two ott irve tiues a day, \\'hile poorer itniilies ('ook once a daylt' a 
longer single period (Nutul Islam 1980). The poorer timiilies experlience 
highet' average fuel efficictiv resulting fiotti oily oic cold start. 

Interpreted with care, and c'otttuiig ltr the specific conditioiis 
shown, dala ofthc type presented in 'I~tble I ntay be usefil in illuitnlttat



TABLE 1.
 
Wood Fuel Consumption in Cooking Specific Foods, Bangladesh
 

Utensil Amount kg Water kg Wood ** kJ Energy kJ Energy 
+
Food* Type Cooked Per kg Food Per kg Food Per kg Food Per kJ Food Remarks


(kg)
 

Ricel Flat pan, 1.14 4.2 2.3 35,890 2.4
 
aluminum
 

Rice Spherical pan, 1.36 4.3 1.6 25,110 1.7 Fuel saving,
 
aluminum spherical pan
 

Rice Spherical pan, 1.36 4.3 1.6 25,110 1.7
 
clay


++  

Wheat: chapati Flat plate 1.0 0.5 1.1 16,330 1.2 12 chapatis from
 

1 kg flour
 
Pulse: masur Spherical pan, 0.45 3.0 1.9 29,570 2.0
 

aluminum
 
Pulse: khesari Spherical pan, 0.45 3.0 2.5 37,630 2.6
 

aluminum
 
Potato Spherical pan, 1.36 !.0 0.96 14,450 3.6
 

aluminum
 
Potato Spherical pan, 4.1 
 1.0 0.45 6,790 1.7 Clear economies
 

aluminum 
 of scale
 

Source: Islam 198. "+Islam pers. comm. 1983.
 

*Food caloric values:
 

Rice 3,537 kcal/kg; Pulse: khesari 3,450 kcal/kg; 
 Whole wheat flour: 3,410 kcal/kg; Potato 970 kcal/kg;
 
Pulse: masur 3,430 kcal/kg.
 

**Firewood type sundari, good quality, air-day. 
 Conversion norm: 15,120 kJ/kg.
 

'One-mouth stove, unimproved, 0.43 m depth of hearth. Tests from r cold start, using excess water ("wet" method).
 

TParboiled aman rice, moisture 16 percent.
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ilg o0ipointifgIt sigiIifiaiit facets d fuel use i. other c~nditiolis. In 
(ialogue wit II uisers, k owle lge of iid assessnIllit of*stch adiUSt11nientIs 
Can lie eXp)anded. 

Factors for Estimating Fuel Requirements in Relation to Nutrition. 
For a given uel, diet, and set ole cttiiccv factors, the kg/ kg ratio can Ie 
convertcd to k I/k] )r"kcal/kcal rat ios, tlie (oeficietsthIft will ie iliost 

uisefiul in dleillig eergy requiretmlents It ra givei (liet. We have some 

iindicationis oft hcst. officients for i iividual fm ,(A cookeCd with fiwcood 

(lihle 1 ). Ilhc "tfood" iiuIInhrcrs alae usel Ill because they call givela imdi-

Catiotl alboit tIl, reilive iucil intCsitie s 161- differCt Io(lst tiffs, cspe-
Ciall sta)les tIhat colllouily p)rovide 60 to 8( pt'rcnt oh ibiod encrgv 
ofta pIil)ulitioll. I exainiple, tie prelimiuiy data ill 'Ille I iii(licate 
thai fuel rc( 1iiremients (1.7 kcal inl splherical plims) pci kcal of iC' are 
,iboit .1) percellt morC than Iuicl i(luirtilieiits ( 1.2 kc'al) per kcal of wheat 

cooked;as ha/Cll'Ati ilderti Ilie slited coniiliot Is. Such i uIrIIatioII will e 
helpful il (lisceriiiig tifferenIIs in tlie fuel ricluirCnieits of'diffcctIt 

diets b\ tiidCrstaud1iiug t he e(jliilCilti'ts Ot lie C(lll)(lIlCit )alts. 

We also lhavmesoiie iii(llit jolls ofliese ratios lt r SI)c(ified itial.s tookeCd 
with firewood, both in actiul use miud iil expllcintcial 'o)kiig tests 
(TIhhle 2). I)ifii'iulties ill iiter)relinig suc'h ratios anl relat ing them to 
stove desigil lcds were cillhlasi/e(l iil Chapter 8. It is iliortiawt to gain 

I'iliaiilv wit h1sutch dall, however. is buildiig blocks fb,! "whole fiiily" 
re(ftiircllitns. 

Ali important tethodlogic'al Cel ill fuIel estimation is exempli

tied Iy'Stiliaia Siwlt ibauis tests, reported ill Fiji data in tfable 2. Sit 
explicitly ilcludcs boiling water for tlea. Ilucliding water ilds to redutce 
the fuel/f1od Weiight ratio d111e to the Clati,' case of hCatinig water 
com)aire'd to cookiiig food (I hitls Ithe imIeiritorl icreases less t hl the 

dfecioniniallor). Iucludinig water tends to iticrease tlieciicrgv ratio (lie to 
the ext ia work required to heiut ite- water (which has icro caloric value).
"lhuts adding tea water ill the nlenu t'acts to) Itake the two ratios diverge in 
valute. Wsater isll extrellie examl)le of how flood irix calliaflc't lese 

ratios, but it also uiicclv cxetl)lifies how th Illetuiu afis litese iltnlibers. 

Economies of Scale. Onlv limited evidenwc onl sc:lc lefi'ciencies is 

available. Islaiji's dita oi potatoes have already Ieeii cited. Stillilar data 

oh rice cooking have beein presented in Chapter 8, 'Ibbles -1and 5. 'lhe 
illustrate fle imf)ortiwce of'exaniiing scale efctls fki quaimtitics actually 
in use. in t he households oiionitored by (eller, poor correllitiol was 
found betweei efficientcy and qiian it y of food cooked (1982). In house
holds il four Nahagrain villages, howevcl; per capita fuIel colsullptioli 
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decreased as household size increased (Chapteri2, lable 3). Estinates of 
the econom) of'scale coefficient 1, calculated for the power function , = 

axh, where y = per capita fiel consumption and x = number of faminily 
members, are -0.4 1, -(0.42, -0.43, and -0.65 ill these four villages 
respectively. Taking the four villages together, mean l)er capita fuel use 
by households with 7 to 9 members was 36 percent below the inean )er 
capita use )y households with 2 to 4 members, Firther research on 
economies of cooking scale isevidently required in order to clarif\' tile 
present ambiguous findings. The scale factor inust )e tiunderstood (a) for 
its implications ini stove design, (b) as a factor in estinatiig household 
Fuel retluirenents, aii(l (c) in oi'rler to coi|t rol or a(Ijusi I' scale when 
evaluating other efficiency or use variables. 

The ratios and estimating f'actors )resented in Tahles I and 2 meet 
our criteria as need indicators. Though tihe%require Further refinement 
and development, they offer groundwork For estimating eflct s ol ftiel 
use of'increased food consuml)tion necessary to meet minimm 
nutrition standards. 

Analyzing Fuel Consumption by Sou'ce and Access 

Apart from the f'uel requiremnent and efliciency factors just discussed, 
determinants of' the alolutS and types of cooking fuels consumed P)Cl' 
person include 

1. forest, animal, and crop mix as eiel resources 
2. 	nearness of'source anid collect iou times 
3. (list ribut ion of'land, trees, and animals, by hou,sehoid 
4. numhber, sex, and age of" faiily members 
5. 	occupation 
6. 	per capita household income (including nonimonetized income) 
7. 	user preferences 
8. 	nature of'rights to public land: open access, common (specified), 

restricted 
9. 	proplortiomis of' sulsistence to conmercial fiarining and noncom

imertial to commercial fuels 
10. roadl transport anl related ii f'rast riuct tiie (levelol)ient 
11. competing urban oaiioindustirial d(eatirds i'("Itiels 
12. fuel prices and inter'uel subsl it litiOu. 

Rarely is it possible to sort out tile separate iiifltLence of each determi
nant on cooking f'uel consuimptioi, l.inkages and weights among these 
f-actors are integrative, and quite distinctive in each village or farning 



TABLE 2.
 
Indicative Fuel to Food Ratios
 

Location and 
Combustion Conditions Food Consumption Fuel to Food Ratio Diet Reference 

Field Data kcal/cap kg/kg kcal/kcal 

India 2,492 1.93 2.2 Wheat, rice, pulses, sugarcane, Agrawal, 1981* 

meat, gram, maize, potatoes 
2,759 1.77 2.0 Wheat, rice, jawar, milk, pulses, 

bajra, barley, potatoes 
1,948 1.96 2.0 Wheat, rice, pulse:, milk 

2,734 2.39 2.1 Wheat, pulses, milk, rice, gram 
3,329 2.51 2.7 Wheat, jawar, gram, bejhar, 

pulses, rice, milk, meat 

Bangladesh 1,600 3 (ave.) 0.41 kg/grain/cap/day; fish Briscoe, 1979 

Experimental Data kcal/meal 

Smokeless stove 2,491 0.98 1.16 Rice, avare, ragi flour Dutt, 1978 

(wood) 
Smokeless stove 2,842 1.13 2.13 Rice, cowpea, ragi flour, 

(wood) vegetables 
Smokeless stove 2,763 1.5 2.0 Rice, cowpea, ragi flour, 
(wood) greens 

Smokeless stove 3,427 2.8 3.5 Rice, cowpea, ragi flour, 
(bamboo) vegetables 

Smokeless stove 3,563 2.7 3.9 Rice, toor dal, cowpea, ragi " " 

(bamboo) flour, eggplant 
Smokeless stove 2,956 2.3 4.2 Rice, cowpea, potato, onion, " 

(casurina) ragi flour 
Open stove (wood) 1,184 1.6 1.9 Rice, avare, ragi flour 

Open stove (bamboo) 2,898 2.3 2.7 Rice, cowpea, ragi flour 

Open stove (bamboo) 3,444 1.1 2.3 Rice, toot dal, cowpea, ragi 
flour, greens 

Open stove (casurina) 3,194 1.4 2.5 Rice, cowpea, ragi flour 
greens 



TABLE 2, continued.
 

Location and
 
Combustion Conditions Food Consumption Fuel to Food Ratios Diet Reference
 

FIJI
 

+
Open fire (dogo wood) 2,207 .52 2.56 Fijian

Siwatibau, 1981**
 

1,983 .58 2.9 Indian""
 
2,696 .87 1.6 Indians "
 
3,568 .38 1.3 Chinesel"
 
3,935 .26 0.81 Chinese
 

*Excludes making tea and water for preparation of rice and curry.
 

**Includes making tea; excludes water for preparation of rice and curry
 

+Tea, coconut cream, fish and cassava or cassava, fish, tea.
 

++Tea, rice potatoes and fish or rice, fish curry, and tea.
 

+Flour, tea, potatoes and beans or roti, fish curry, tea.
 

+JTea, meat, rice, carrots and beans, or rice and beef chop suey.
 

#Chicken, beef, carrots, beans and cabbage or pot roast chicken and beef chop suey.
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TABLE 3.
 
Annual Firewood Consumption as Cooking Fuel, Selected Villages
 

Firewood Consumpt ion
 
Country and Village for Cooking Reference
 

(GJ/Person)
 

INDIA
 
PURA 9.7 Ravindranath
 

and others 1978
 
PHILIPPINES
 

VERDE ISLAND 8.3 Manibog 1979
 

FIJI 
NATIA 8.4 Siwatibau 1981
 
YAROI 8.0
 
NACAMAKI 7.5
 

system. Rates of change differ among factors, sometimes substantially. 
Moreover; many of these variables are not defined in standard terms 
yet, nor are firmn data available. Therefore these determinants must 
be considered in varying combinations, in the attempt to Mderstand 
their in fhuence. 

Accordingly, the (ata presented in Tlables 3 and 4 on village cooking 
fuel consumption are viewed as diagnostic indicators. With the numbers, 
we attempt to associate t lie factors and circumstances cited in the relfr
ence studies. This is not possible ini each case, becatise ofthe aggregate 
nature of the (lata. As a stan(ar(d practice we recommend: diagnose the 
numbers before using them to diagnose the situation. The data in these 
tables are fromt eight village or iiicroregion studies in which the design 
and size of samplle as well as care in household data collection resulted, 
in our judgment, in reliable estimates. 

Table 3 covers five villages or rural settlements where cooking fuel 
consumption is almost entirely confined to firewood. 'fable 4 covers 33 
villages or areas using front three to five principal types of doniestic 
cooking fuels. The energy units used in the tables are calculated firom the 
heat values of'fuels rel)(rted in the cited st u(lies, keeping each set of data 
as close as possible to its con text. ['hiese values were in some instances 
established by bomb caloriinet ry tests. In ot hers, the st udy adopted the 
conversion rate consi(lered iliost stmitable consi(lering Sl)ecies variation 
and typical moisttire content at tie place and time of'study. 

For amimitmal cooking f'lel consum)tion a central tendency of 7.5 to 9.7 
(J/person is observable in 'Tbles 3 amid A. [This central range inclides 
nine villages and areas in nations as diverse as Bangladesh, India, the 
Philippines, amid Fiji. 'lhe amnmal miean fir seven of these villages is about 
8 ( /person. The villages in this range ate riot highly commercialized 
adi are principally depetndent oil biomiass fuels. Pending future data 
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TABLE 4.
 
Annual Cooking Fuel Consumption by Source, Selected Villages
 

Country and Fuel Source
 

Village or
 
Village Area Crop Green
 

Firewood Dung Residue Plants Other Total 
 Reference
 

(GJ/ Per son) 

BANGLADESH
 
4.1 0.8 6.9 Briscoe 1979ULIPUR 1.4 0.2 0.5 


3.0 0.2 1.2 0.5 4.9 Islam 1980NABAGRAM 
(23 villages)
 

3.1 0.6 8.1 Quader, OmarKULAGIIAT 4.2 0.2 

1982
 

INDIA
 
3.9 13.4 Agrawal 1981
NARAICH 2.4 6.1 0.8 

8.7 " PINDARI 0.1 4.9 3.1 0.6 

PAIIHARHAT 4.8 2.2 0.3 0.9 0.1 8.3 "
 

HARIIIARPUR 3.2 4.2 0.7 
 0.2 8.3 "
 

HAZIPUR 1.2 2.8 
 1.5 5.5 

develolIlIe I this range cei Icling on 8 '. / person fr"an tIIal hioIass 

cooking hie consumpt ion may be taken as a point of depart IIre fo(. 

diagnosing sit Iations with much higher or lower average cookiing 
fuel use. 

A comparative pit( I'C lot"villages il\VCst I' \a is shown if "Iaile 5. 

lor households using liomass or mixed fhiel, (h oniass a;illd kerosene), a 

central range 1toni 7 to 9 GJ,/person per yea,, isobserved. 'lhc annnal 
mean for households in all (lisrict s, 8.8 for biontass users and I1.9 for 

mixed fuel nsers, is intluenccd ui)ward by high utse in Baudlung district 

associated wit h higher per capita village iticoelie and larger niitiiiter of 
households in modern and tralnsit ional villages ((haptcr 3). 

For whoiii are these diagnostic nullbers ulsefl? The procedures 

demnonstrated in Chhoprak suggest that, in the first instance, they should 

be Used in a participatory process ofliagnosis aind planning with local 
residents. 'Ihe kg/kg ratio may evier serve this disi,'nssion than (;,1, but 

not without relference to heat va'utes oldi lferent fuels and to the concept 

of standard '+units" for measuring hcat. l)ift'freit terminology liiay be 

necessary inl the diflerent coilieXts. Thc (olllplexity of faictors iinvolved ili 

the types and (lat iiics of cooking fiel consuined per peirson itteach 

local area make this process indispensable for valild assessments anud 

effective pilaniing. ()pen discussion nong contliuiitv nileiners olten 
can reveal the structure of'weights and linkages among these Factors. 

In examining such interactive factors, we present sit nat ions and
 

numbers in a mtanner intended to be useftl to rural residents and to
 

researchers fro" local as well as regional assessments.
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TABLE 5.
 
Annual Cooking Fuel Consumption by Source, West Java Villages
 

Biomass and
 
District Biomass Kerosene Kerosene
 

(GJ/Person) 

Bandung i2.7 15.3 4.6
 
Ciamis 9.3 9.3 3.6
 
Garut 8.4 7.1 3.9
 
Serang 7.4 7.0 5.5
 
Cirebon 4.9 7.0 5.2
 

All households 8.8 11.9 4.6
 

Source: Chapter 3, Tables 12-14.
 

TABLE 6.
 
Ownership of Fuel-Producing Assets Per Family, Ulipur
 

Hindu Muslims
 
Fishermen Landless Poor Medium Rich
 

Number of Families 8 14 11 8 8
 

LAND (decimels)
 
Median 0 8.5 66 127 242
 
Mean 0.7 9.5 65 135 296
 

TREES
 
Median 0 6 8 16 182
 
Mean 2 11 12 18 209
 

CATTLE
 
Median 0 0 0 1 4
 
Mean 0 0.3 1.3 1.3 2.6
 

Source: Briscoe 1979.
 

*Une decimel = .01 acre = .004 hectare
 

Land Distribution and Cropping System. Lliptir illBaigladesh ,iid 
Ilazipm"iiiUttar Pradsch, IIdia (two of the villages with low average 
cooking fiel use il 'hIble .1), have extremely low fTirewood constltljl)tionl 
a(d are heavily dcpet(ledet on crop residues (tlil)lzr) .nod other vegetation 
(Ilaziptir). Falil)r has much lower cooking fuel consuimptio than two 
ot her villages illthe samie agroclilliatic z()ll,Patilarhat anod Hlariharpur. 
Al exallillatio, of'land, tree, aid cattle distribut ioll togethcr with 
cropping patterns arnd use oftcrop, ailimal, and tree products can provide 
al aIelquate explaii;tioi ofsuch diversitV. 
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resource factor. Higher ntumibers of trees per person in Pat harl:t and 
Hariharpur permit higher firewood use. Competition among crops, 
animals, and trees fbr land and water use is critical in f'arm families' 

decisions about these resource factors (see below). 
Only a few sttdies have attenipted to assess, for it partictilar area, the 

pressure of fuelwood collection on land quality b comparing estimates of' 

wood consumption and net forest growth. Bajracharva (1980) places this 

issue in the context of food needs by sorting out diflerent settlement and 

land use patterns in a Nepal hill village panchayat. le maps proximity of 

residences and fIarniland to ditfterent forest areas to begin to analyze food 

and fuel deniand and supply in each area. In this maliner, Ile is able to 

identify hotsehold groups and locat ions wit h severe food proble s and 

to examine their associated fhel regimes. le coIcl Ides that for the 

patichayat as a whole, the most pressing need is food, not fuel. Scattered 

wooded areas (distinct from forests) are under slight ftielwood st:ess, and 
demand for fuelwood in the poorest sect ions of the village is likely to 
heighten the deforestation process. The detailed textture of geographic 

and land use analysis needed to establish such patterns is evident. Also 

evident isthe need for systematic compiling and analysis of diagnostic 

indicators, as detmonstrated below, to perit a start on generalizing the 

findings of particular studies. 
In Pura (Table 3), where cooking isdone almost entirely with firewood, 

average two-way distance walked to collect the 10 kg of wood used per 
flin ilylper day is .. 8 ki. Ftelwood collecting hereloes not appear to 
contribute to deforestation. 'le real problem isthe enormous time spent 
collecting (RaN indraiiath and others 1978). 

Preferences, Income, and Fuel Availability 

"Smnoke from these babml twigs and branches bothers me. I f we had 
2 or 3 bighas, I'd be happy.'* 

- Babuti, mother of landless fiamily 

of eight members, Garhi Klierwa, 
Uttar Pradesh, India. March 1982. 
(Vartin Vidyart hi, pers. comm., 1982) 

The cynicism in Babuti's voice sail, "I fwe had land, what couldn't we 

have?" . . . including better fuel. Attentively and cutulat ivelN ,ecorded 

from many people, statements such as hers add up to patterns of need 

and preference. 

*Babool:Acacia ndoltca. Bigha: ap)roximately 850 11-2. 
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The degree ofdisutility or penahly experienced by families or groups 

who are lforced to use in terior fiels is not easily indexed.Use of low

quality fuels by landless and small farm holders was reported in Chapter 2 

('Tables -1and 5). lhat use indicates stl)presSed (lemalild lor fuClwood, 

which however is not readily estimable without an indicator of strength 

of p)refcrences. Compilation of local quality att riltes of fuels would be 

worthwhile. From these, a lexicon could be prepared and also a scale of 

user preferences in diflerent areas, as a hasis ftr more informative 
1983).consumer assessments (s.c )avid Brokensha and Bernard Riles 

West Java villages are thc only areas covered in these 1icrost dlies that 

use subst ait ial qutin ies of kerosene for cooking. C;hapter 3 ( lbles 8 

and 12) shows kerosen e use hir coolkiing in West Java increasing with per 

capita income. Substant ial iicreases in per capita firewood consutmption 

in West Java with incieases in ,licoie were also re(orded. 

Such dait on the efi'ect of per capita iicome on per capitia consuilp

tion of different fuels are linmiited. This is partly lecause researchers often 

taloilate fuel consum t)tion bv household iiicomne classes. This obscures 

per capita iclitioll ilps.' Ihe iluimiber of imily members is often posi

tively associated with atLimily income as shown in several .studies(Agrawal 

1981 ,lames Dioiuh s 1982). i'.conoiies of'scale, iswe have sen, may tend 

to redice per ci ita cooking fuel use illlarger [nililis.. Inuconme efl.ects 

illight teid to putill) uler ,II)ilacolsullilil) ofit' pref'Ci'rd Fuel or )ull 

dowli aii illfiollr fil's pier capita colustilli ion.lhese ftlors tre imp)os

sible to sort ont when iiliiil(,ls of kilmily members are hidden inl hoLIse

hold income classes, .ultire st tidi s should cross-talitilite per calpita use of 

cooking Ftuels by iiuim er of famil\ iicihers, oil ine halid, andIby house

hold per capita illcolle.on the oilicr. ,\n iinderlyiig essemi ial step in dlata 

hanidling is to preser'e each .et of(laa illits origillal units, so t hat follow

ip analiysis of aiionilies or Interest Ing relat im1is Can be dlone. 

Subsistence, Transition, and Commercial Areas. I ocation and degree 

of comiercialization also lltfect tvl)es iil aiioiits ofcookitig fuel con

sulied.This is brought out tmost clearly il tile West Java dltidiscussed 

inllChapter ),. nt~le remote, forested, aild less deisti lylilulitt'dlII 

kabupall'ux (in (iaimlii:,, (l-i,, and Srang districts) milost liosilmlflds use 

o1Nly firewood hot cooking. Significantly lower aitiiil; oflkeroscti'c atre
 

used, and by lower lropiortions o[ hotiseholds. Ciop residlci ini these
 

areas lenld to substitute f(r or isup)lelenit irewood an 1ie tised mitlre
 
vinoid Atie aind
ofiell in households tIhat (10 not cook with kerosete (R, 

james arianl 19(i). 
'Thcgreater use of'kerosene in leiisely I)OIlulated dist ricts with good 

roads and closer access to cities (Cirehon, Banduing) is ass( wiated witit 
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with these regional filcto's, creating subpatterIs with in regions Ihat are 

analogs- but recqui ! specific identif'ication - of these broad subsistence/ 

commercial cotr its between regions (Bruce Koppel 1980). 

Energy (letisitles of bionuss fuels are low, though valving. Proximity 

to supply is therelore im l (ailt. Iran',l)iort cos: is high relative to eniergy 

\alue. Within a rural area, availability and allocation of'work time of 

family members to collect these ftuels can he a limt mlg flacor ill their use. 

Values Placed by limillmeml)ers on work tlnc are parl oftthe value built 

into dilfl'ent quantities ,nd orims of l)imlss. whetier collected fr ownl 

uise oi fi exchange lhough l(onplice or price ineca'hmislns. lxperieiices 

of'scarcity and associated perceptiolls of value lead to the (itestioin, "In a 

l)articular )lace or seasol, which fuel 01 l)iOtiss resource sets the oppor-

Itllity cost against wich a new or substit hi_ el oi tecliology IIst 

C'titpCe to he v iaI)l?" 

WOMEN'S AND MEN'S VALUATION AND 
ALLOCATION OF TIME 

We womeit have this kind of work -collect fiuelwood, (h0 wage labor, 

return late in afiernoon (one o'clock), then cook food, clean utensils, 

go for wage labor again, returnIy evening. Water has to be pulled 

up. This is v'ery troublesome. Water is very deep in the well. It lulls 

ot otir heart.... We get up at fourinllthe morning and start 

grinding. 
- Ko.dya, latndless agricult ital 

V1)rker; Garhi Kherva, t'llar 

Pradcsh, India. L)ecember 1982. 

Varuin Vidyarthi, in quoting Kod'a and her neighhor Nlena, observes: 

Pulling water from a well is a back breakingiob as iherc is to) proper 

method for lifting water. A log is put over the well and wotitett 

literally risk their lives standing on it and pulling the Imcket by a 

rope directly. It is interesting to note that pulling water for domestic 

uirposes is a task lperl'rmed by woment'xusivCci ly. I) luot' a miale 
villager. "Men will die ofthirst but shall not pull water" I'lhis may not 

be entirely correct. But it (foes indicate the irend. (VidyartIi, pers. 

cottm., 1982). 

Cooking and fuel gathering, though central, are only part ofthe wider 

set of essential fooul preparation activities, including )rocessing, storage, 

and water gathering. Food preparation tasks are largely outside ofthe 

formal economic sphere and are usually done by women. I its, these vital 
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activities aiid their nrticlaltioll wit hiI (lie famllily pirodlicion 1ill haive 
recei'ed inadqeallte llil lion relative to Iheir ilportanne iIiI it' survivlI 
ofl'miion1s of'rlral poor. 

'16 btet ,r 'derstaIIdn'aI energy' s'sle Iis aIi)d oppo'l I I i tcs forII III 
improved riitla energy telhologics, obtaining improved knoleWd g 1F 
tlhe food r)ieparat ion sphere is o'iu(iil. IProldetis o)'cooking I'ul ivlllbil
ity aId iIIIpicit iolls foi ile nutrition (f rural l)coplc and forit lcir tiuii. 
lnl work allocation art,often c(mpi)elliu " thheilnselryes. Im prveld stowves, 
villige forestryv, a ibiogiis sstici.s have beei'ii ('xcilliiied h| this (l'lit ext.
 
Buit cookiiig is oil 
 (ocpart oftlit'ceitirc tuol pro((liuctioln (agric.uhiurail)
 
and Hod plreparation (doiiest ic) hian ofalivities thfat foirm the'back
l)olit o hli r uralccolloill,. s\such, ana-lsis of ookinga nhie is icoim
llte ani IiiaN be IlisIsleahg uniless (lilicate( withli IIlie more t'iicoiii

passilig f'r-aiiit'work Of ile foiod pr0laa shere.
To 

Widelnig t lit frille of' irft'r ic, 
 beond(cooking an(I Ile1' Oolt'ICt ion
 

illllinalteIs 
 raills thflat soie case's, 
lor, limitingl it(hit' ust'r conicernt'l. ll food pr(tc'Ssiiig aild storage, 1t(1 

CxaiIlllIIt' (()iistrallilts ou' nit', vcal hr; aild CiC'igv tan tast' fiod losses, 
a sig ific'lt lhi/ar(lot susist .eit' adll(l lrginlal FtIilies. The tiic amld 
CII.Irgy xlcc ssal.\'v ( l ce twaterI have< iml)ica;tionls lotl.salllti(ll anld( 

lIlii (()lils ire. ill ilore iliportanit and 

sl)r.al (ft(iseast' through f d(lI.IllIlli\ focalillills, lh' tit's)i'll gitgalt-

Ilg wl r ()verslhaldlws lillet' spt:lit glt helil,g t'. liaiially, Ils. acti ite's
 
aid their ta()lunsll ise .1time Cxl)llili)Cll sYCeulSCwCtllC W\ailhl iliil)li
(ill ( for ie availability ofnI Inc's Inut'1C for thdill c;ire (Siu' Schofield 
1979,,.C. Waitt'rlow 1982), 1(1l alteiilaIirt' pIuchlttioInIll(ti\iilit's, lotr 

cdItclI ion, aIti for possible labor allocallll t t'xprilent wilh iI'w 
ltItoClclgit's. l'lt' lll (ll'iiatds and exist ing ttllhgies it lies,(, 
sibsisteiice atc ivilies ie )rilcipal (cl('l'lllinso["loetiiale prl liivity. 
Because this labor is usd'(f ill essential survival altti'ities, tile sotcill stilt
i ell'ts ye(w)rk (o))ortunitie,sfior woin,lniitiig the. aalilabilitv ofltcrill c 

are rein oirced. 
'ime is the m(1st 'impolrii t't1( inrc,avi'ilae to+)1(o peopl, accorl

ing to)Julie D;a \';Illt la DIn)ziill Lye Pol lee (1978). lherefore, nalii
rally, a positive VliliI~it)I shoulld It' aiscr'i ll work l)tilSi(lt' ofi lic forual 
miarket sectIr. \Wt' hiav' sizggesiel(, ill;abas( sst's, that know edgt is inl(++C%'111 I* lll{l';tan .are, cons] :i(,lmport s(t l(., Importan()lt ('(l ii(ns il;l 

;ai;lsis of ll()ltlloit.t ie(I or partly iIzci.'ed ctoilonlics, eit her ol tlc 
scale oft lie village ()r h lie hosehold. R cogiii non1 formal mariketig 
activity as "product ie"ain( worti olecollolllic exalilinat ioll Ihas becoi e 
mlore iccel)titl)le illrecent yea's, but metl hds ofdelerlillng values (o' 
work remaini elusive. lhejoilit )r(Itncti()l (of hunlntlicll)itill (chillbear
illg rtea( iohousehol(l or aigrictil iii';il )r(l(htct i()tlleirilng) with o)tscures
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TABLE 7.
 

Women's Time Allocation for Food Preparation Activities (Hours/Day)
 

Food
 

Village or Cooking and Fuelwood
 
Region ooking Processing Processing Collection Water Source
 

W. Sumatra,
 
Indonesia 2.69 
 n.a. n.a. n.a. n.a. Wulfe, 1982
 

Pakistan 1.75 3.5 
 5.25 	 n.a. 0.50 Anwar ano Bilquees, 1976
 

(in Dixon 1q78)
 

Bangladesh 4.0 4.85 
 8.85 	 0.25 0.50 von Harder 1977
 

(in Whyte and Whyte 1978)
 

Nepal 2.05 0.97 3.02 0.38 0.67 Acharya and Bennett 1981
 
(in Tinker 1981)
 

Pura, South
 
India 3.0 n.a. n.a. 1.2 1.2 
 Ravindranath et al. 1978
 

South India 	 1.82* 3.65 .66 1.24 Reddy et al. 1980
 

Uttar Pradesh,
 
India
 
Patharhat 
 1.5 1.2 Agrawal 1981
 
Hariharpur 4.3 5.2 "
 
Hazipur 5.1 1.0 "
 
Pindari 6.4 3.8 "
 
Naraich 3.3 3.9 "
 

N.A. = information not available
 
*Includes carrying food to fields, adjusted to remove other chores.
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Together, cooking and food processing constime from about 3 to 6 
hours ofa vomalns day in most of the villages cited in the table. 'ib these 
we add the collection time for water and FIuel, which gives us a range from 

4.5 to more than 9 hours per day oit food preparation activities. Signi'i
cantly, fIod-)processing tie rivals cooking time in the studies cited, and 
tile collection of water outweighs the collect ion tine for fuel. This implies 
ai need to al(Iress the labor requirements of"f(1oprocessing ant of'water 

supplies iinaddition to those of cooking and fuel gathering. 
A wide range oftilnc expend(iture in di fl'rent fbod preparation 

activities can be seen in Taible 7. 'Ibward t lie higher end of'his range, 
the opp)ort unity cost of labor probably increases. As Iorelttime isspent in 
food prejl ration, less itme isavailable for alternate )r)(luctiive activities. 
In an Andean connunity in Peru, ;a uipper limit apparently exists to 
the tittle available fbi"food preparation activities asa whole. As the time 

allot ted to one ofthese activities, nately, firewood collection, increased, 
Itinhe available fbir coukitig diecreasedi. This al)eareCl Itohave olbservable 

negat ive_efk'-ct s on nutrition (Sarh,I uil Skat; Nclida Ai-ias Samanez, 
iid(SatI ul'io (GarlciaI Ctarl'lia 19.82). 

Long working hours in foo(<(d prel)rat iol not oinl' limit the alternative 
prolductive activities that votilel may benefit froil but could limit eflcc
tive participat ion in tasks p)ossibly prerequisite to m:tich iniovations as 
biogas, Social lorestrv, high-1ield grain varieties, education, and others. 

lhese innotvations aill require labor ilipuits not possibl1C for alreaidy 
overl)urdened w ouii, or may simply add to their work day. Thus, it 

is vi 'ifllyiinl ortant that Ile time ttse requliremients oflinnovations be 
unterstood atnd coordinated with the exist ing time use constraiits of 

people whose inpI)uts tihey require. Innovat ions that 'ecy[altely aldress 
the ttiie-intensike labor of wol en, including perhaps the fbod freflara
tion activitiesjust dfiscussed, caii potetnially reducedrudgery and free 
ltte for other act ivi ties. l is "iici'ated" timue could be tise( productively 

in iml)roved child Care; in livestock management, agricult ral produc

tion, fish rearing, and gardening to augment tile family's f od and 
nutrition supply; or in home industry or cralft prduiction, trading, and 

wage labor opportunities to improve the faimily cash income. For these 
potential increases in prod uctivitv to be realized, women must be permit
ted access to resources and orgainizational as well as inl rmational inputs. 

Technological advances that address some ol'these labor-intensive 
activities are citel frequently as having had adverse effects on the earn
ings of village women who pounded rice or pressed oil for sale to their 
neighbors (Dixon 1978; Kathleen Cloud and Catherine Overholt 1982). 
Notabl)', these women are often among the very poor. Ruth )ixon stig
gests that these grain-processing technologies i)e under tile coItrtol Of' 
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three crops - aus rice, amanI I-ice, aid jute -coincide ill May aidl June as 
ascertained in a recent Bangladesh rural energy study (A. K. M.A. Quader 
and K. I. Omar 1982). leak labor requirements- f'or mien and women 
(to not exceed available person-days of fiar fiamily and hired labor fbi 
iny inhdi dual crop. But the sum of' person-days re(quired foir Ihc entire 
crop lix exceeds availablc labor by more thian 30 percent il May aid by 
15 percent in.June. Work allocation data for one crop I lone woul d not 
reveal this issue. ()nly in the context ofthe cropping s'stem that actually 
obtains in tIie village is ilhis stress rvevaled. 

Womien in landless or marginal farm households most probably have 
work and earning regimes sharply (ilerenl from t hose oftwomen in far'm 
faiiilies on small and viablc landholdings. More diverse, )roduct ive 
earning o0)1)ortulities are a ceIit ial cocern flr it friwler group. The 
time ,llocatiou window is ilus likely to cii some central iesource allo
cation aidl acces issues. Neai'-subsisteice rfiliesL who firi part
time and seek 0tht,rearning Cliliort tuities palrl-tilme would be j)inlit
larlkl motivatedf to discuss thwsc issues. Stich examilinat ion of'work ill the 
iifnt',iiil sector call lead ((o cf'Cvtic dialogte in which the knowledge 
and exl)ressedl liceds of'tlural w~olneln help in ideitli fing d heveloplment 
ah 'erlliltires. 

IDENTIFYING FARMING SYSTEM ENERGY 
OPPORTUNITIES AND CONSTRAINTS 

I lusband, cull ivat ing tomltoes: "We use much iniitire on these
 
beds near t lie house, but n1t0 ntich itl lie wheat and paddy fields
 
outside the v'illage."
 

Wif'e, lifting water fir plot with rol)e bucket: "We have two bullocks 
anda biu ffhlo, but burn almost half' theirldung for cooking, even 
though we get wood chips ft'rom the carpenters neial'by." 

Researcher-: I tow many cycle rickshaw loads of' vegetables do you
 
send to tlie mlarket each week?"
 

Grower: -Usually a cotiple a week." 

Reseaircher: "What do vou use t lie waste leaves for?" 

(;rower: "Most Iy we )tit tihemi the con post pile for later ,.,e on
 
the v'egetable plots."
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Decision questions: Would adding the waste lea'es ohtile 1ng 
provide enough inputs for a faily-size biogas plaii r? \Voul dung 
and vegetable wastes fromn tbe 20 growers learl)y be ellotighl for a 
neighborhood digester? 

- l1atlbarhat, UIttar lradesh, India. 
April 1981. 
k'ch ard Morse (field notes). 

Diagnostic indicators from which such local resource isrs land deci

sion makers can gain new in format ion and perspectives make up the 

focus of this sect ion. An important in put to these decisions is better 

knowledge of )oteiitijal stirl)l s elemieiit s inIIhcl I.e5( Ilrrces anti of critical 

limiting factors. Energy as a key linit ing fctor may block increased farmn 

output if(a) its quantity is illale(pulle: (b) its form 01 qtialitN' is inappro

priate, requiring a lechnical tralsfOrilatli not )ossif)l t' lilizing local 

knowledge and resotce's: (c) it is not available on a tinielv basis; or (d) it is 

held by certain faiiilies or grotps but could beI used u irel)rodlt tively 1 
others. Potential energy surl)huses exist when (a) little or Iit)1)1i\'ate o 

social cost is eltailed in collecting olr procssing ,biilantlv available 

blioniass resources, (b) energy use is inefficient, tll Fltigh cit her manage
meit or technical faictors, (c) eulergv isconstmed wastefully, 01 (d) it is 

usedl for l)LII)Oses that a significant iiliif)C'r of hoca! Yesidents regard as 

having low priority. Stimulated 1 new ill fOrIuiat i1(1, iilt inductioln of new 
ways of thinking about these eld-tise, resource, otgaiz:itioiial, and 

allocative aspects c:ani help local groll)S est;blish )riorities and evalriate 

new resource anid teclinologv strategies. 

Local Systems Assessment: Indicators of Scarcity and Potential 

A resource assessment tool inist be in a foirm usable by, and with data 

relevant to, the decision makers directly conccrned - here, irlural Iesi

dents. Ifthe tool and resulting data also are to h1\e wider utilit., they 

must be adaptable to situations at least somewhat differeint froui the local 

one. This implies as well that the tool should1po'ssess tile collicut needed 

to define the condiitions of'such diffemces. Borroiwirg from tle business 

world, "ratios of manthict tiring" are an examplc. "Ret ini oh sales" and 
ii small or large ililust rial coililily tosales turnover" can ie itsel b' 

analyze its own iiarketing and distriblt ion policies; t hey also ctan be 

compared wit Itthose of firns iin the same or ditlerent pertIriliance ranks 

in the speci fied line of industrY to see what factors may be responsible for 

better or worse performance. 
To illustrate development and rise ofsuch diagnostic indicators, fuel 



TABLE 8.
 
Patterns of Domestic Energy Consumption, By Fuel Type,
 
Five Uttar Pradesh Villages
 

Domestic Energy Consumption by Type of Fuel (percentage)
 
Population Consumption per
 

Village (sample) Person, Monthly Crop Spring Leaves
 
(Kcal x 103) Dung Cakes Residues Firewood Plants and Twigs
 

Pattern 1: Dung Cakes, Crop Residues
 

Naraich 289 267 46 29 19 6 1
 
Pindari 863 174 56 35 1 7 0
 

Pattern 2: Firewood, Dung Cakes
 

Patharhat 1,394 166 26 3 57 10 3
 

Pattern 3; Dung Cakes, Firewood
 

Hariharpur 648 165 50 8 38 3 0
 

Pattern 4: Dung Cakes, Spring plants, Firewood
 

Hazipur 332 113 49 0 22 25 4
 

Source: Agrawal (1981).
 



lndialuse and farnIllilig system laracrteistics iII live mml Ir villages are 
) illIhI iIel Iletosliregolls WIhIese v'illages are 

IociltCed are Irev'alc'd bv'Iherl1)1l'ile's ()Idof ies Ijol onstIpliol (lable 

8). l e Iwo villages Naraci;h ali(I'llirilaI are iII Ihe Iillsr alihIliLagrocli

1atiC /oile chmarctetrize(d ds ";alltividl wneer, \%,ilh hill 0utcl-O)pings and 

ravines. Siglii llcl use (odriop lesi(ldtis isa (IistiI .live feat'Iur' lIhe.ii 

high (()(kil.g-l'til (()fShiil)i()il. I'Ie 011hcr 11h1ce villagcs artc intIle 

alluvial (aIga-(lh agari agroliiiiatII eio e.IlC.(h1oI he t hrc exhIilbits a 

assSSe(d. (('III't sI)le 'I t I 

.', 


ilI a i fuetl usedi, i ,.ing its own(listilcliv e latterll bothl .l t ;tit([ t es oIf 

mix of du'.igakes, firevood, mi(I gire'II phIIIts (Agraw'll 198I). 

Villag-sCae IC11dic; Ito Ir' Ised ti aimIIl " (O tiI oitS I)elvcI IIIhese 

l laiiiing sv-steill ('lle 9). L'IdiItOrtnIIl -atelv,i'el use l),ilc-s alll tl lo 

(la I t I Ih. cdist li tIoI odla d iIItd a ; I Is reveal';avi'I I l ,le. I lmo,,v I.r, 

Iltd (ifIlentII occ IIplllihalI iiI( I coine giolIps moIIhii eI tiiiiin1g aild 

ftel rIsoiuis(liill.nitl,.,c iII each vilage. 
.cm ilt b liv iIdedMlediIn iri-ewiomId Iohigh (Ig cake IsIII)ti a 

coIm niIImIv, I laIIlII;i r,, .11'CreI ;I 1,xk ,11 lk)lifv use ofIlagItIosiic 

inlicators I(1 )l.lnning aidl poliN iiT;Il\sis. Fveil Ihllgli, Ii\w()ol 

1)viides 38 Ipei-cit of illage (oOking IFil, s(ca(hi\ Of this fuel is shown 

b\ scriminv of village imlicaiors. Ilhe wealk lir o suIl)yl p osition is 
(1.2) andI per htltre (0.1).evidclim ill iltilolhirs oft ices oviied per fimil 

l6 ideitiv th llll rel:of I ssilii (ii firewooI 111( Otlhe rcsril-res, 
's of lhiflOlii g ailIuse niustlvvwevl. (listrihlivet Ii ggndapl aphiciaslc 

)e examindC. 

.,ird (listribull ii l ,neu.ial. Sixty lperc( oII lalilmll is highly 
flv ;s thm 2 ham.fallii laimilies l 119 pelct o.i' lie ldull in holdings

Tlhirtee'tn pe<rcenm<t lLvinrs holId 50()C'rCVI',:n f 1;11 lm in hO)dIigbS Of' 

5 ha and la;rg'er. IAIIdless Lahor makeiu ).Ipe(cent of tihe Occulptional 

(list rilut ion (..\ g awal 1981 ). 
S ilitin st .ali be.,ds iiiiihIl)i sustdaile litil Ilaai igeliill ill s(c.tions 

of tlmc villaig land. I r(op)ing iiltlisitv (in(lex (.99 ill laeh 9)a.d a 

small irrigattl ,i, (Ospelrcent I i restihting feat tites. Iligh whe;it and 

)td(y yields are C\idimtlv ass((iated w,.vitlh igh liili/r ;n(l IlliaIit' 

use )itcropped laini, blt the lo ,(Imlo)ilIg iHmti.m;itv Md irlI;i\Iv small 

1 li1 .l"of falmmilie.,s ill ,gri.lth iir' in I laril IV)p r (0 Ilv 31 I)(Lr,.nt ) resul 

in \ery low grain 0 joltl per person per year (133 kg) ;mid tcorrespondl

(f gainmarketed (II 1pelrcent ).
IIIle high nmtibiiers of attlc ill I lairlia ur per Iiiinm family (5.1) and

iniglv low shm ,c 

per landless familv (2. I) ;itor eqtr(ii1llV (lisItile)HId tham land, however. 

L.andiless families (own h)aout 3-1 lerceit and small-scale fari.iers 30 per

(ceII olthl)e hovine animals. I ligh amnull lO(ldeli,illl )ovlneC 1 ,tiplt per 

http:I)(Lr,.nt
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TABLE 9.
 
Village Far-ing S)stem and Dooest.c Fol Consumption Indicators.
 
Fie Ottar Piadeus Citlages 

Population 

below Share of fam Cooking Cross Irrigated Crop 
sn. 2,400 anets, fasilirs fuel cropped to gross Multiple Grain residue 

Populatin annaI family helow 2 ha - nsumptin urea crnpped nropping prodution output) 

(samptt isoIe Land Ani0als pr peson per person area isdes per person per pers
 ha t I) ( g/y ) (k g /y )
 

si l a g e (2) (1 ) ( :) ( 1 0 ha /mo) 


Profile 1: Dung Cakes. CrpRosdue
 

Naraich, 289 22 8 32 2h7 .48 30 1.04 516 546
 

Piodari 863 21 12 31 174 .38 h5 1.08 33k 413
 

Cakes
Firewoe-d. n 
Profile 2: 


71 166 .20 100 1.64 263 1
Patharhat 1,394 27 41 


Frewood
Du- Cake:i,
Profile 3: 


Hariharpur 648 32 19 64 165 .15 38 .99 133 158 

. Spr s P lants . FPie o od D o e Cake FProfile 4: 


Hazipur 332 40 49 67 113 .17 93 1.79 241 218
 

Dung cake Crasrog area Latle Buffaloes Foddee Milk Dung recoery Share of dung r
Manure pee
;e per oted a: 

o n total nonsumptin:. output per 


pgr perso animal persor-n iesstnk probovine tuffalo anI person Manure Puel pod heere
 
Village 110 heat/not (ha) o.) () 1100 kg/yet 1ky(g/yet IIC kg/ye) ) (Z) (100 kg/yr)
 

fool one pr boviso 


Profile i: Dung Cakes. Trup Residues 

Naraich 122 .51 .53 21.2 14.4 208 10.0 5.3 24 75 2.8 
Psndari 98 .70 .31 20.2 20.8 218 16.9 5.2 29 71 4.0 

Profile 2: Firewood. Dn Cakes 

Patharkat 43 .02 .22 17.8 32.8 865 17.5 3.9 56 43 10.8 

rofile 3 Dune Cakes. Firewood 

Harifarpue 83 .07 .33 22.7 39.0 1,060 21.0 6.9 42 401 19.8 

Profile 4: Dune Cakes. SrIn Plant. Firewood 

Hasipur 56 .00 .34 30.0 44.8 1,465 23.3 7.9 29 282 13.4 



TABLE 9. continued.
 

Fuel Consumption
 

Per Person Fuelwood Tree. Owned Percentage of Families PriceR oa -

Crop Spring consumption Per Farm rer production marketed Dung Cakes purchasing dung cake/fuelwood
 

residues plants pe5 person family hec:are Grain Milk purchased fuelwod manure dung cake 
fig kcal/no) 110 kcal/nol (Na.) (Nn.) ) (pf/pd 

Profile 1: Dung Cakes, Crop Residues 

Naraich 70 16 48 2.5 0.5 42 0 17 3 1.33 1.69 
Fndai 61 12 2 1.8 0.4 39 45 3 0 1.50 1.79 

Profile 2: Fireood. Dun Cakes 

Patharhat 6 17 96 4.9 4.4 26 58 7 3 1.25 2.00 

Profile 3: Dung Cakes. Firewood 

Harharpur i 4 63 1.2 0.4 11 52 4 19 1.29 2.44 

Profile 4: Du-Z Cakes, Spring Plants. Firewood 

Hacipur C 29 24 5.4 4.0 19 75 18 2 1.10 2.00
 

Source: FRD basa c- Agraa 1 (1981).
 

Notr: At assumed efficiencies, technical rate of substitution fuelwoud for dung - 1.64. 

Nie percent used in biogas plan:, 7 percent sold as compost, 2 percent sold as dung cake.
 
2
 

Thirty-two percent sold as compost, 11 percent sold as dunf cake.
 

.
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animal (3,90) kg), dung recovery per anitnal (2,100 kg), and (lung 
recovery per person (690 kg) sustain the role of(ung cake as the nwost 
used cooking fiiel in I lariIiarlpur (50 percenl). Relatively high application 
of na'ttlre per gross cropped hectare (1 ,980 kg) stiggests how inlensely 
this resource is usedl by marginal anoI small-scale farmers. 

The shtres of dung cake conrsumed as fuel Iy poor and very poor 
families, however are far less that) their shares ofaui ials. (Conv\'ersely, 
shares colsiIuled h I Ipper income la in i lies exceed their sha re ofianials. 
l'he high 2. perent o tdung cakes pur hased is evidt lice of substantial 
dungcake sales bv landless families to ulpper income ftmilies. Collection 
of firewood frot open access sources is common (28 percent) and evi
dently helps small-scale farnrs retain significant arlotnts of (lung fui 
ise as lnlitne. 

l'hese actions Ih different re,)uirce holders ill I lariliairpir offer a basis 
fi rcexamining lhe firwood sit nation. Firew.ood's sulstantial share in 

ue1l contsumel b upper ilwltuie groups, its high market price (Rs. 22 per 
100 kg), and the high percntage of families purchasing firewood (19 
Ipercent) indicate demand Ipressur o t his limited resource. ()ine vale 
or scarcity indicator, the 2.1:1 Ifirewood/dung cake price ratio, is far 
above thei .6:1 appioxiilnc energy cquiialil value of I kg of firewood 
(om)parel to I kgol dung cake. lhat wood as a ftu'l is exticimely scate 
is clear. lhese figures may additionally reflect a prefercc of ul)per 
income groups fiI firewood, which in tuin reitlufrc's its overall scarcity. 

['his diagnosis has these imjplications: 

I1. lcssibilities for allbr'-stall>m on tinulcititili/cd and I loo-proine land 
should be assessed. An iuterulisciplillary teamti itiade up of forest, soil, 
water managemtl, social science, and aliin; hisbandry specialistss 
might work with the commtunit\y to find o:t ifsuch land could he utilized 

success fully. 
2. Ihrogh disctussion with landless -andsmall Farm families the tealt 

would need to uIleILrini-tu whet her such land is curreittlv used for grazing 
their nuterous anitmals. If so, land use rights wotld have to he confirmed 
or adapted to encotrnage selection anl managemient of foddr and 
futelwood species suited to these lands. 

3. 1 arihai puragricul uralists, especially t hose with small holdings, 

place high value on t ie use ofd ting as nIamutelu. 'lhev appearon have 
incentive, t herefore, to replace dung as fuel byg a )l)r)ol)riately 
sized biogas systems, using the residual slurry as Illanllre. 

4. Assessment if new means oforgani /ing energy technologies must 
take into account the large Unily sinc (12 to 16 tembets) ot)fpper 
income groups ill I lariliarpur. Like otlher groups, this seginent if the 



Orgaiizing intofr:atioo for Ru ralEnergy, )evelopmient Plannainog 509 

population evidently needs resource and employment development 

team should assist in their search for new activiticsopportunities. The 

that reduce, not widen, existing segmented structures in the villagc.
 

Valuing Agricultural and Animal Residues as Energy Resources 

uat ions described, cattle are held more equitably 

than land. In those cases, as \.S. Vyas (1981) has observed, (istribution 

of a mobile farm iesoiit'ce (livestock) tends to be more equal than that of' 

land. Mobile resotirces al)l)arently ofli'r d'.elopineit o)port unities that 

warrant special attention. 'l'hus energy input and outptt characteristics 

of livestock are paiticulairly ia11portaiit. 
nina ities to assign values to 

In several village ;it 

Increasing the ability o peol)le and coat 

bartered or it-kind cominiodities and services, as ,abasis fbir developing 

st rategies for coiping with market inecliaisnis, would be an important 

resource. 'Ihis is one l)urpose fb' developing \tlue indicaorganizationial 
tors. Also of obviots relevance is the uttility of'such indicators inconven

tional project appraisals. Inspite ofthlie importance of aniial (Iuing, crop 

residues, and even nat ural vegetation in rural energy systems, few formal 

markets exist for buying and selling these materials. 'I'heir v'aluation in 

ternis ofta mnarket pric:e is thus difficult to ascertalin. Oiherlmethods of' 

ascribing valtle to animal and vegetable residues atre necessary to under

stand the optiiial allocation otthese resotirccs within a rtiral ei rgy and 

agricltt tural systelt.
 
"l'hep robleis )f'
iderit it'viitg ,rod controlling the ['actors that form a 

valtiing dung tsed as ninaiuie have been addhessed by Elizabethbasis i'Or 
Foster (1983). In )lei' analysis, the average physical product of' manutre is 

the proxy ineastire most relevant to the f'arimer's acttual situation. Average 

physical product was estimated from the few crop experiments that 

have compared crop out pts over a period of sev'eral years on plots with 

specified applications of' nianuiire to control plot's without uallure. lhe 

difference in crop Nield was then valtUed at niarket price. \alue of mar

ginal physical product is the relevant measure for a fi'armer's decision, 

but marginal (fata fi'o the relevant rates of nanture application are 

not available. 
From experiments condticted over a 13-year period in West Bengal, 

India, where rice was grown on laterite sandy-loam alkalite soils, a proxy 

value for manure of approximately Rs. 20 per 100 kg (1980 prices) was 

estimated at an application rate of'6,500 kg/ha. This value cannot be 

strictly compared to manure prices (Agrawal 1981) used to derive tile 

ratios shown in Talle 9 because (a) the effect of' soil and rice varietal 

differences cannot be ascertained and (b) the experimental mnanure 
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application rate was more than three t ines tile average of the village 
(-arihi)ar1tir) with lite highest average manure ise per hectare. Nevert he
less, the proxy valtie at twicc the narket price of the lirimited proportilo 
of manure purchased indicates stroiniglv tha tIhis basic resource isbeing 
undervalued. On-far in research, while difficult to organize, appeals 
essential to obtaii a more reliabfle set of 'alues ffit dung ill its alternaltive 
Uises. 

Elstimation and valuation of'crop residues iI their competing uses as 
fodder; fuel, pulp, and building material ;t, liso very arca-specil'ic. 
Energy values f'or a ivariet' lhlilaidofthese materials were obtained in a 
stridy (Jlohn Arnold and Russell d l.ncia 1982). Assigiiing proxy values 
Wts iot attlljt.'tll, lowever. Zteo olipo't till t Ncsts ltI(rol) rtsitleies 
have been assumed in a nimbilr olslifes to illustrate nitlhods of 
resource and )oject a)l)raisal (MI ichiel I lalse 1979, Meta Systems 1980). 
-however; tinlcss these residues are indeed fbund to be surl hlis in a 

particular aiea or connnliritv, tile leasibility ofitheir lroposeld alternate 
fodd'r or energy Ise cainot be asstmed. l tthey are nt in sirllus, 
iet iods of field iSSe'SSIIICti inicorpotating Ihe jidgments of fattirers and 
wvorkers who prodrice and iansplt these materials and of ilmilies who 
consue thei will he recquired ill order U thci o"to l)titt Orali 
disllacemeunt c'osts. 

Il stun, itt oiloi ttstiltC t'asoilable vallues for atiuibil and (rop 
residues as lneigv resouirces, close intcracti ot is r'ojquired between 

specialisis ill the physical )ro t ics and mrtket potential oft hese 
materials, on otie hand, and their local rodutrs and users on the other. 

POLICY IMPLICATIONS OF SUBREGIONAL 
AND REGIONAL VARIATIONS 

What policy and planning issues are iffected by local and subregional 
vaiations in rural energy sources and ise? What levels of'variatioi are 
significant in connection with diiffereiit issues? At what points in the 
planning process isit necessary to take these variations into accotri it 
These questions are imlortalt in i themstelves anrl, alticip ting Clhaplicr 
12, ill atteinps I) design pioodluctive sequences n local and wider scale 
research. i exair ine tlilese questions, we revie.w asl wcts oftlhe tlerg 
stutdies reported iii the Bangladesh and lhatiland chapters. 

The Nabagrain st ul il Baiiglalesh (1980) c(oveted all households ill 
23 villages within acomplact, rlatively Iontogcieoris areca ol'9 square 
miles. \'ariutiois in biotnass futls consumiption aming these villages are 
indicaicod il lable 10 in asc endilig ordeltoIper capita 'coinsiumtiou. [lhe 
ordering provides c\ idenre of alplparent fucl deltit its ill several villages. 
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TABLE 10.
 
Annual Biomass Fuel Consumption, by Village, Nabagram
 

Village Fuel Use Village Fuel Use
 
Numbe. Consumption Number Consumption
 

(GJ/Person) (GJ/Person)
 

15 .9 11 4.6 
14 1.7 12 4.8
 
10 2.3 18 4.9
 
16 3.0 23 4.9
 

,

(2.3) 20 5.0
 

21 3.5 (4.7)
 
8 3.5 19
 
5 3.7 4 5.7
 

22 3.8 9 5.9
 
1 4.0 17 5.9
 

(3.8) 3 6.7 
2 4.4 (6.6)
 
7 4.5
 
6 4.5
 

Source: Calculated from Islam (1980), Tables 3.1.1 and 3.3.3.
 

"Figures in brackets denote means for the preceding group of villages.
 

l IIIit iOI OlrIIlc eliIire 23-6village,I)OI)latioI 

.9( J/perso,. ,andin t celtli lnmge of'9 villages was 1..to 5.) ( ./
 
)ersoII. Wt llighl iler iroli this ltll''ow C(ltral tI'tl tlhat villages ill
 
Iis range oil tihe whole ,eet their fuel rcqoirtillets, at their present 
levels of food collsllillpt loll. Sillce the report did not classil'y fuel c,
stllilltioll by ilicoille, howeve; i I nol possil)e to (leterillitic whether 
ilidividual households or groups o1 loischolds in this celltral ranlge o1 

NMeau iI II "Ilcol I() was 

villages experieniced deficits. 
Analyzing villages with auaml fuel Consumption below tile( assuilled 

tl,'eshold re(tuirell clt nitge of t..to 5.0 (d;/p)erson throws some light 
oil probable overall village Itlle1 (lelicits. 'lhose villages are grouped ill two 
classes ill lahble 10, 1lie first for11. havillg alpparcit severe ftuel slhorlages. 

the llext live With less acute conditioms. I [the 23-village mean isassullied 
as a basis for estillatitg deficits, tlie short kill ilthiese two groljs of 
villages is aboult 350 tolls ol'bioniass futcl per year.(Comparedto total 23
village comimpltiot f0[5,6)0)tolls, this is tfout a 6 percelnt dleficit. Fort lie 

area as a whole, this suggests that tIe aggregate Iuwl shottage is not111age. 

For the deficit 9 villages, however, Ilie requiredic(rea:se ill ltI lsupplv 
would ailloilt to 22 .ere of their l)estnt consuml)tion. l)ifficult lalld 
Ise all( resource Illolilizat ionl decisions woul, I b~e fIced iv ieociple in 
these 9 villages to achieve at increase of liotlass fuel pro(dlct ioll oft his 

magiit tide. 
This analysis, while serving as a guide ltr specific ])lllllting ill 
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TABLE 11.
 
Annual Biomass Fuel Purchase and Consumption, Nabagram
 

Number of Fuelwood Biomass Fuel 

Villages Purchased Consumption 
(Percentage) (GJ/person) 

5 0 - 10 3.3
 

10 20 - 29 4.7
 

8 40 - 100 5.7
 

Source: Calculated from Islam (1980).
 

>abagrani Lion, illhst rates a general issueC. lelwoo shortages ill rural 
SiII: a i()nsci'IlIS()I lI liIllsappal.l to)be IIIiIIiIna I whcIetxamined(o)l.ll 

areatwidle basis. Bill wilhInn I se.Salras tilrre iav lIe fockets of'extreIltle 

fuel sh(l)rlacs. The potential lfor la lil exatce )lti(n fothese "linicro'"fuel 

sholges iOwlite faclf aig popttlt i it'l )ilalt ItItessi'teS 

(O1 Li0! iurcese inwia' fIlM itit. 'Ihis is 'sj)yciallv lte case itt :ittas 
wvhe:re [Ih( "((l~ llil( n. llrv,;(Iv.be s()Ichll(-illt licil.le 'l lc(, an lll 

PattC,'s offuelfCltchIases itt Natlrai illagessiggest two 1101te 

fbt ties irlevutli t) )ltttttilig.higliret .ltiearsto lie a I'ltif o)liticriasitig 

vill ¢ge elrcapita Iilcl(ui)llititiOtt with giTet 1iet(etutges of fitcl 
ipurchaused((l'ablc I L I. co)\fwv,alsmil low '(lMnlliptlio)nand(h)v i1wlnt la

age of p)Ltc e h ,art w. n()1 icing in lile f irsl grup Ii V'illilt )povcrl .g)es 

it suppressel (emUandll for fu l (ile( to li)p\erl What ariethe itplicatoills 

wilh tegard to Ftuelwool platnltlliollsf Is I)itt('l;isillg alliniication of 

village fuel deIficit? If it is, the pis()Sl)Lt lot litewoo0d plaItlltions ill It 

lalltr grottp of villages uinay ihe good sincet Iw incenitive ise.ioletIt lv 
pliesetit.

"Ili' Natbafi lt sitatisti(s alt- ittstructi+e lot. ti(Idtsttlading sources of 

varittion. The(i ifficintitof'variation atning the 23 villages fir total 
Iiotiass fuel use p r m 56alpita is 37 percetnt. Firtewood, accotunting fiu 

percent of hiotniass fia.Is tv,weigIIht, haIs a coe fficieItI Iatit I oF. lI of I 

I).( : ;all I tw-t hio lie villageviI s consite Iro I )0 to 251 kg pervt s o 

iers(n pet ye'ar of f irt-wooI. (Coecietits of variationt hli twigs and leaves 

aln I rice striaw -22 p((ttt of hiotitass fitel by weigfi - t5er andol 69 

ietrcilt, vtslje( tivelv. Ifle temtlintig (i) I tih (tf wu)tnass fuel is uIle o ) 

itiw (liti , jine sicks, ticei hlusks, b),gatsse, andol othetr atgriiult ural 

resi(Itcs. (C(e(Icicietnls f \iIi;It ilt ItI I Isti )pru0Itliese ue.lc I ) ilrII)Ie.
IlI'ese itllitivillagc (iflirences ate tllllttpojints fotr crI flhcal 

i() tli(e 
IllenIts would test, ;ai)lng )1hter Ilaclols. \vhl h(lle llnuhll flie'lcon)lsumptl~ionl 
,tssesstiteit andtip lanningit with \ Milapoge rsiofents. Such :assess
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of abotut 5 Gj /person (in local fuel equilivaent) accords withh village 
perceptions of adequacy. A probe of such issues wiL h local residents by 
forestry, conllil1lity organization, Ia;ii( use, and smove design specialists is 
a logical next stelp. 

These (Iifferences among 23 villages in a relatively honiogeneois area 
are relevant tu) policy issues such as the incidence of ieed; allocation of' 
land and other resources to enhance fuel production; and cho ices Ibe
tweel homestead or village woodlots and comnmercially oriented planta
iions. Anticipating later discussion we concl ude: "No village is a region." 

The experience and data acquired in an in-depth study such as that ill 
Nabagrmn are a fLoundation not oily fr di ".oat use iII local planning but 
also for research ItrdiIing thaIt coild provide guidalce oil how to establish 
lese crucial ',ariat iols- as well as tIie observed regularities- hNy less 

tIiie-consuitiig met iods. L.earning how to make (Iualititive assessments 
of such factors iui dialogue with village residents and learning how to 
determine what specific data are needed to evaluate alternatives are 
prhapls ''ew' Nahagrani tasks in applied policy research. 

Intervillage differences ill Nabagran pose new questions hearing on 
the findilgs ofthe wood aid bmIiuboin consumption st udy (FAO I98la). 
)Datain tile latter st udv were not vel)orted by village, or even by ha, 

but as averages tou six niaior "regions" (Chapter , 'Lible6i). The lowest 
annual average fuel cotnsumption -2.95 (;j /persnii-was in weste rn 
Region 2. This is close to tlie level just assessed, among Nabagran villages, 
as severel' (cficit. lhe FA() report breaks down tlie Region 2 figure into 
below-average suppl.y of'both lagricult ural residues and Inelwlood (FA() 
1981 a). No policy co>nclumsion is Fp'esented, I oweve; on whelher this very 
low figure siglilies a serlolls (lel'ici, and whlet hler Region 2 should have 
high priority ill lIhelwood investinelt programs. 

Nabagram is in Region I. '[liT' IA() report compares tile Nabagran 23
village ieal, .1.9 G,1/l)ersoi, with the Region .I survey estimate, 3.8 (,1/ 
person, and finds the fbrniier "well within the error range" aboutl til 
latter (IlAO 1981a). Since the flrmer is tile mean 16r a unilverse o'all 
loumsellol s and tile latter fIr a sam)l., perhaps the phrasing should be 
rev'ersel. From a policy )ersl)ective, tlie qu estion to lie raised is whether 
the 3.8 GJ/person estimate is wilhin a dhcit range. 

With Ina !r llphasis onIt est imtlinig forest wood supiplv, the principal 
policy issue addressed bv tliel"AO) stuidy was the Blanglalcsh Sul)l)ly
(lemnanld bIlanc'r wood. The reportconcludes Iy assigning high!I 
priority to firewood i'vest iieits, regardling t ree fuel as "abasic ingredi
ent itl the nutritional cycle ot lie rural population, iil+'l finding that ill 
lie absence of' progratiis to increa;se traditional fuel supl)lies the conse
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(IleIces "'re most likely to impIaclt (iSp)ro)port ionately on the rural poor" 

(lAO 1981a). 
A more informative, disaggregatC presentation of regional variations 

for firewood and charcoal is provided in the 'lailand NiEA sitidy (1980) 
described in Chapter 5 (lables 19 to 21). lere the analysts of free and 
commercial sources, within ones own compndll , from nearby or distani 
forests, or from salespersons, are important guides to local planing. 

A reverse use has been made of NEVA regional data, "scaling down" 
aggregate data from lIhiland's Northeast Region to simulate a "mnodel" 
village (Ncta Sv'stems 1980). "'[his may he regarded as the analytic analog 
of'the "representative firm'"olan iitdustrv (Alfred Mlrshall 1890). The 
piurpose was to simulate parametets of village size, farimi size (small, me
dium, and large), and water requirements as a basis fir assessing alterna
tive irrigation scenarios. With silnl)lifyiig ,ssiilill)tions on crop mix, crop) 
residue availability, and other input and out put tLactors, t liese scenarios 
served as gtihles to technology design and ,a praisal. IFor project planning 
and evalitlioln, it wouhl ofoouiisc e necessary to replace these assunip
tions anod statistical conlstructs by collecting and analy/ing local data. 
Inverting oN earlier conclusion, "No region is a village." 

Experietices ill this chapter r'eveal mnyilV instalnces of synergy 
between rural peolple, knowing a particular llacc and lime, and "You, the 
researcher,' knowing the nationl,. [lie challenge is to bring tlese per
slpectives together iin ways that claril' and connect local and national 
policy choices, in terms Ihat will be iliost.,advantageols to those people 
who have greatest need. 
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12 
Converting Rural Energy Needs 
to Opportunities 

Richard Morse, Deepak Bajracharya, ('arolJ.Pierce Colfin; 
Barry Gills, and Martin Wulfe 

RESEARCH FINDINGS AND LIMITATIONS 

The i)revious chapters demonstrate ihat the new research community 
in energy for ru ral develolment has created and validated new research 
methods bringing attention to important issues and perspectives. 
These include 

*diversity of rural energy uses and needs, of biomass and
 
other sources, and of monetized, niomonetized, and partly
 
monetized forms;
 

"	cultural, social, political, and econoinic diversitv amiong
 
rural coimunit ies and areas aflecting rural energy patterns
 
and changes;
 

" importance of biomass ene-gy illt':ris of indigenous supply,
 
ue, familiarity, and potential fIr new productivity;
 

" village interactions needed to shape more piId uctive and
 
equitable energy systems;
 

"rural area needs for technology in filiuat ion, skills, and related
 
inputs to ficilitate local energy itovations;
 

"	action research potential through a rural facilitator working in 
individual villages to foster local organization of' iniovations and 
to provide linkages with external research and developument 
agencies; and 

" need for integrat ion of regional and national energy and develop
nient policies with rural energy planning and tanagellenll. 

The chapters also show important gaps in tlie knowledge and inder
standing required to transhrm rural energy systems to meet develop
unent needs. Principal limitations include 

* inadequate recognition of' rural cult res, infirmal institutions,
 
and community (ynamics and their efficts on energy needs and
 
development;
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"nonexistent or ruditmntary knowledge of'local variations in the 
efficiencv of biotnass and fo!;sil fuel enle g) use: 

"consequetl wide it II(I ItIICxI)lli I d tI ttions ill estilates of t-uralI 
energy (olstIII )t ion; 

" failure to link rural energy haseline (f.I collection with analysis 
of local Farm ing svstems and relate( dev'eh)lpnlent l)riorit ics: 

" iniiadeqiuate cconolic and en'iro)nmental ipll)act aSSeslent of' 

existing and )otential tioniass energy technologies; 
* need for more conkJ),artive st udies o'ruralelect rification in the
 

CoItext of local and regionaul tioresoutce systems.
 

The bo)k also demu()strates that iral residents (o succee( illldeltify
ing realisticallv their needs ,)]- energy and in organizing means to f'ulfill 
these needs. We bring togetherIin t his chapter integrate(d sets of research 
method)s to) constct Inew agenlda dealing wit h energy fll ruraldevelop
ment ianid finilded oln the )rincilples of lpo)le's lar-ticipation in coOltea
live resec . 

PEOPLE'S PARTICIPATION IN COOPERATIVE RESEARCH 

Confidence gained hy rural residents in agivcitug on t hit prioity 
tnoecls aitof organizing new resource cominbital ions anld technologies to 
meet those nee(fs was tcritical fat tire of the Nepal experietnce rel)orted 

in Chapter 7. "hc Kmilal comtnnunit' realizedlnew self-esteem in 
establishing the mill antl hiogas plants. Families in (hhoprak who ol)ted 
fI itml)roved stoves assertecl their inlivi(htal auitomin() but also hn iltnew 
paths ofc-onmntily ())cation Iy mofbilizing skills and inputs required 
to impletmett the l)t t. -\ided I the /ami\ ellectice interactions with 
external agencies (technology su)l)liers, tile d hevelopmntit hank, ando the 
land record Oflice), these village grotups also gained atne\, degree of' 
influence ()n their external cn'virolnmnct+t. h'lleir atiex\ement su)p)rts 
Samuel Pa;tul's l'ropositio(n II. : 

Program perforanmtce is facilitated whenlhbenleficiitu'y participation, 
negotiat iOll, and intetnal ailttotonvll ilpletlletitors varv' illpol)po
tion to the coml)lexity (uncertainty, diversity, and scope) of the 
progam and the envirotnment. (Patil 1982) 

Confidence Through Local Control 

Building on their own knowledge base, these various commntity 

grottps acquired detailed new knowledge on tlie scale factors and con



s 
workIngs oflfertetItat Ili )dd'I dratss,and on the tinin .iIld 
Struet ionItcldIII (ll lfbiogas digestrs an(d inproved (huo.s, on the 

SanI hinII 
orgaiii/.ation of work ill (IIt I Is. lIv allso1 CXliiexpaded Ilie ile derstal(IIIIg 

of thc iloti%'atil Is Mnd re sili.Iwe ofIIcigli os in egot iating benefits andI 
'osts, a id gre'w ini,ain c'itioi (ifthIsi ,(111. (lelicatiolI ot lI e la ii 

anid his faillni 1(dolileItlN tlie peoplc if(lio'ka te sect'i'(f the most 

enalbling knox\ 'leclg:oi reneowal as a()Iiltltiliti. II Ilie liogas clterprise, 
five ncihIl orfih 1 (5 uooplcailivlch discowrcl a new 'omimnity+reson'ce 

aid gaiiel a noe,' s;,ense of elf ic''CV. 
Ilhis ctoF,c,'atwcI~ri prcwc manifests 16111r princ++iples: 

I. Iscr pat ici pat lol ii .'ti\al\c assessinig frioi'itics, needs, andIcew 
resoui'ecoliillatiolis is acriticail inigi-c(lient to iiFIfelicleiti lig and 
suslaining new ciirg tc.liiofoghiCs.
 

2. In interact lion wit Ii a skilled licilitalor, coiiilitiiics cani ini(Iviate 

aod adapt Ilhir exist ing inst it itions to( lrovide for Lair sharing of new 
()o0l3 nttities. 1ii the biogais case, 65 lmilies were able to agree oi 
difl~creltiallv st ritri tirecd resour.ce (*omitllit 1meits and obligations r-Clire

seilling a fair (I ,ti'ilitoil f lefncits inid costs. 
3. Individual and grtup capabilities, c(il1ihiced IIIoligh exp~eriential 

learning m wC'l-focusedl toiraitiig.,cati be appliedn Ile manaigement 
and opelat toiof*newly cilerginig elilpv S\SteIiis. 

•I.Analogous acotm)lishmnt sare lossifble iII (t Icr 1i'ii! areas uising 

pattertis oflcolititiuiiig i(lit13 i' irif Ithsla tflt(01 ril)tie to flrt her cXf)eri

ettial tiaiil lig tcilitattors ard(hl(+,l r.'ese cl s.o[f i 

Making Research Relevant to Rural Reality 

'l'lcrcis a short limit Iii the steps in dedcti\'C reasoning that can be 
taken without (orrecting for, OtYcliecking with. the fltts. 

- I awrelccle. I lcnfderson ((hester Barnard 19-19) 

'Thispointer by a j hysiii-sociologist t(>he i(i ti\e ltse5 ofkiow.l

edge accords with OtI' ohbstr\at ions on tfe importance If' ktl(wledge ield 
by i'n'al users and f)rod(fl( crs (If e [l l( le. The pce Pt)l Ifthe actor or 

doer is essclitial in identilying lfitlIased ill a(tion. 111 til, deduectiv'es 
It;sollillg sUggests wider signifif "alceof ftis. If rIscasirh is to be eft'h'C
tively d(celhiliiclll, coo)elitiMe MeIo110ds arc essential in or1der to 
.li'otiaIge \'illige r'esiol'lts to)oill with researchers ill illtet'rt'eling llfl 

synthlesi/ing rcfl'utut [alcts and in testing piroposed t.w systemis. 

Otlier chapters ha\C estal)ished iabtdait ion f Iethods and iiifinia
tioni to enhance the skills ofrtiual residents in (tintilying and assessing 

http:resour.ce
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4. Sustain stimuli of new added value, employment, and income within 
the rural area to transform land, work, and earning relationships, thereby 
deepening the base for improved income (list ribut ion and productivity. 

I'hese elements oiler an organizing framework for assessments and 
planning by riral residents, cooperatively with interdisciplinary research 

teams, to identif yand meet local, regional, and national information 

needs bearing on these transformations. 

Research and Training Commitment 

A program to t ranslate the action research lessons exeml)lified at 

Chlhoprak into curricula developinent and field training has been initi

ated by Chulalongkorn University and the East-West (enter in consul
tation with institutions ill other countries. [his experiential learning 

prograii will prepare iien and women, inotivated to live in irural areas, 

to serve as facilitators and bridges between villages and the organized 
research systeni. "l strengthen two-way fhows of il foirmat ion, partici

pants' skills i'" ascertaiiiing local pretferences and building on the knowl

edge of' rural residents will be emphalsized. The prograii will assist in 

orienting technologists aid (list rict 1)lan ners to user-based energy 
systeiis dlevelopment. 

Paul's Proposition I1.2 is pertinent here: 

Piogramii pel rforiiaice is facilitated by tile prograli nianageilient's 

flexibility in staf'fselectioi, and a strolig eiii)hasis on training and 
coiniitnient creation. (Plaul1 1982) 

A New Development Policy Research Agenda 

The framework of' energy' research fori rural development starts wit Ii 
needs and prio'ities in countless village homes and Lariis. Development 

research grounded iinthe decision needs of' men and women iii these local 

centers is required.Research inuist lie set within this decision context, but 

it llust also move outward to tlhe decisiou ellVi'(ill'elits of' regional and 
national policyniakers who need iiiforuiai iou bearing on their pairticular 
planning and decision roles. Research priorities therefore are not neatly 

definal)le in liiear or sectoral erins: they must be wm)ei, together 
operationally in time and space (see Andirew Vayda, (aiol (olfei; and 
Mohatmad Brotokusunio 1980). For such a design, we draw on analysis 
and planning experience iii other domnains where local individuals and 

groups face thie need to organize a diversified range of social and iechno
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logical illiovalions and where nat ionlal poliices to toster t hese changes 
are sought. I 

w¢ arc at(I'ocatiiig 

eiicourages social, allocative, and teclitological learniling oil ,lineisioiis 
outlined in 'igr re I.I tile lext sect iols,we discuss each oft lese re

search eideavors, tie variables involved, the kinds of 'research methlhods 
suited to each aspect, anld how these can he coil nected. 

Thie n1ew.eiergy lot trrl (le velojmitiet agetila thai~t 

RURAL ENERGY AND FARMING SYSTEMS 
RESEARCH AND DEVELOPMENT (1.0) 

We see the necessity of liltlegratitlg rtIral energy research with )f*riii
ilig s.vstelis research anid developeit .ull recomineiil two criteria for 
C'onSidcI',Ia o In SlpISonoinlg IgcIies illselect ilig i'CaS fOF programi 
initial iol: (1)1 liecprcsc ola clearly recogilized llergy coistlraiiit or 
o))) lnl ity, lnd (2) existenlce or potelllill of cooperat i' Ierlatliols with 
local coitnltiiiit Ngropslls. In1applying lite lroblemisfirst ('I'llriol),energy 
illrelation to fti }lrolctioll, l' ailI iollpulationi iressuIre should, 

ftoexannple, Iprovide the suilject focus. Illaddressilig thlie secoild, ilstiltli
lions initiating tlie prograili would explore ways of achtieviig rel>reseita
tive villager lparticipatitm, reclgiiizitig tlie diverse ailld divergelt 

interests and capabilities of locl cottititiit ies ,ll iilividials. 

Identification of Energy Problems and Opportunities 
in Local Farming Systems (1.1) 

The plroblem idlntific;Iilm and researc'h plaulillg phase, inlcludinig all 

alert search for potefltial solut ions anld proinisinig ol)lportllities, is critical 
to tlie iprograii's effcttive frtiniulat iou and event utal success. \We illust rate 
its primary .eps illtile lext pai;ragr:plhs. 

Team Formation and Orientation to Scope of Problem (1.la). Ilirst. 
agrollotilst 

anlt lrol)ologist or rural soc'iolhgist, ;alirilltItt'ral clgineer or water 

Illallagllell specialist, an aigricilttral ecoloilliit lld 011C (I' I10'e r1ll' 
etnergy speciallists assemble to dcvclopl i ilitial stattclcttt olth icarea's 

piessilig problems. ,vided tcIl )cllrs live

acI' I'CSCore csarlgotl;colmpi)rising al itllliIIIli alln ,tll 

might iiclude a f'orcst"er aml 

stock sltp(ialist. 'lwo or more women team metmbers shouhl be sought. 

The teaial has or develol+s skills illitttegtated, probleiti-solving tuttr;l 
research and illst vles of part icipatorv research. Rlepreseutat ives oft lie 
research area are inviled t) orieit tlie team oil approach aid scope. lroiii 
existig secoiidary data, litteatit orgailizes relevalt (liagilost ic inilicators 
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RURAl. ENERGY AND I:ARN IN(; SYSIEMS RESEARChI AN!) I)EVEI.)PMENT(I.)) 

lentificaging(f Energv I'ilegs int ()p~xirlgits i Fariiig Sysleis (I.I)E.tc I 

[cdlii o I ' I)
tig-giijgnd ()rIilat ig IIo Scopte oI',lih'III (1.1 

l)gggljcg l)iaigi xgclgX v
, ;gdl () iuni,,Ihntifiatci1 (I.11)) 
()rgalli/ation of tht Work 1li11 ( I. I)
 

Telcl igy A.)pliaisalsa(ld ()l'ift ni/,iioni (1.2)
 
Instiltional indRe'ougi Adipru s (I
 

olhy h .,'+'ati) in[ i dgiFailing ,sgmtils (I.!)nes nit 
lE\ahltitill, htriation, and Gcit-rali.,alioI 0 I.5") 

IRE(,I()NAI.IZIN(; Ru'RAl. I.NI+.IZ(;Y t'R.ANSFORMATI)NS (2.0) 

hhent ificaloin of ;eoglaphit .\ eas fir Extending Rirall. nerpg Successes (2. 1) 
Maplping (: opaud Relattd Ilioisotli ('e Svstelis (2. 1t)I
Regional l'o) iti d n r l i' g (2.1 h)) 

CoggliVeing loca lntt'gi;itioo '(vlit's go .\S.et New EiiergyIintto] rlmio"hrouig 
Systengs (2.2) 

(:ollin)aratix A sssttlii ll ( ;li enili/itt ion of ReIet'wale eigvSNsivtlls (2.3) 

RISEARCII (ON N..\HiN)NAI ANI) INrI.RN:\lI()NAI. P()IC.Y ISS'I...S (:,.() 

l)gli )evelopiment (umidteiin s 0. I) 

nllo'i ltioiS ig l)etlopmite'it L.oans to Roiial Eltipt' S\vst is (3.2;) 
Nti'igiion I'oiic'y lggplicaiionsol Ioot gndi FIel lDelcil , allid Ilt'oed ics l)oglTh'il. 

(3.2h)l-lililill;atiClon 


Ilugmre Rt'esatih Issues (3.3) 

IllmggalTrm;ums l t lic\ gliN IiE ur' Le%l 'v )glnmei .ll llclglmligm(3.3a) 

(:gllmg ;g-lixe Regiona lm imd, ill .lih lil lli ll (it Renewable lot mh sedlt'e gl m-I 
ImI S(3.31))
 

(gggaritl i%t. legi t.l tI itlnt c Is "tRetu ahlc l'uic'g\ and lect tcitI (3.3t)
 

I"tUe 1. E) 'ry /Or R I )ve'/o/mit' tIl,.war/h ,Aglc'tda 

ol' lhe kinds (lelinei(l Ig mlter I I (Irl)IC 9). "lhrotg II aialysis of these 
in(licators, working I)pr),itions are foitgulatel as gtiides to inqtiry. 

Problem Diagnosis and Opportunity Identification (1.lb). By 
establishing resi(denice igl t le area or Ihrogh Ihe solnlel) (r ;a, .Sallal 

inethIiod exeml)lified in CIhaI)[er 7, thei team tiihertakes a com l)reIicsive 

al)l)raisal oft hc area's prohleis and )otenti al. The (Itgality lialoguetf 
between represeluat ie local groups aIlnd the researchers iscrgcial at this 

stage. FromI whose stand)oint are IIie severity of *)rolems to hejuldged 
an(I potenl ial solutiollS tested? It is vitalI Ihat nl oiilv the most vocal 
citizens )e heard. As tie COi l)holexit y(f is stges gnfohlds, people whose 
i)rol)leis are pressinIg gIay t heiselves voice I Ile crit eria Iiigliest on I heir 



526 Rural tie'vy' t- Mecet )ese hllntueiil Needs 

agendas -equity, food adequacy, resource access, cominiity cohesion, 
specific energy needs -and identify the problem categories to lie sttid

ied. Although it will by io ieais lie sil)leIto rank or reconcile tihe 
priorit its of'(iflfereint local groiu)s, their voices will bring to tlhe research 
i'ro ntiel"the niotivatIiolIs ald needs that req Iire soIIe ineastIre of 'Csolu

tioi, if'soltitiois are to he accept al)le. 
Interviews with indi\vidual fin lI' Nie]ntihers, aiIid wit II groups who 

arliClate particulir concerlisI"or knowledge ot reso Iuces, are Coiidicted. 

()peii-ended inquiriy ild dialogues are the prevalent modes. Three key 

techniquteS help Iii k perspctives: teaim iniinbers alternate ii pairs to 

share disciilinary outlook and skills and to avoid inwicldy nui 1hers in 

local interviews; each pail. wl'ites a daily assessllclt lnloe iiicltdiig 

significaiit statemet s, oliservat ions, and data: and, oilt coin)leting ihe 

diagitosis phase, the Icaii proiptly writes the o)l)ortunii aod l)rol)lei 

identil'ication report. Travel and work schedtiles are )lainied to eistre 

that tile repoit isjointly written while iii)ressions and flcts are v'ivilly 

ii inilnd. 

Organization of the Work Plan (1.1c). [During the iiitial appraisal, 

area residents adi researchers ident ift's F-ait1, holne, o(r coilitilit eiergy 

teclinohogies that aire of' iiiiniediae iiterest to fnamilies or groips eit her as 

trials or (e ntrat iImi 0r as opeional uills. An iil)leliieitalt ion plait 

is forinulated tiking into accouitit liec oigaiizatli i'equi'Cd t' iiltol)iliz
ill ilernal resouilices ;1il(, whel necessarN., For itegot iatling external 

iil)tits. 'his process tlematl' ii\'oth'es delicate iiegotiatiois milngll village 

resideiits atid i people.between v'illage r'sleii is aino Ioutside resorell 

(lear lilies of' r'es)onsibiiilitics shotid lie established. Realistic assessintl of 

internal aild extertial resoucl''s is inl)oilalit So that coimiiiitients inlide 
by village residents and extenial resource agcicies can ill fact be liIet. 
'lie identified lechniologies would hIe iitipleiniciiled prolliptly as agreed 
by thiose imkig ivespinsitilitl their costs, olrgaiiizaliil, (Ise, andt r 

itiainii an'e. CritCria alid plants fat'Iioniiolilig, evalatiol, iteatioll, 

mid exteilsion of successful tecliiilogies woll lhe adopled. 

Itthe Stesilli ll his first phase ai'c bypassed gi\'elt iiadecqualte'or 

iesotlliccs aili littel, ilie )lograiil's bencliis will -imost likely he sharpl\' 

i'edi'od" \Villis Sliicr:1id th 'esearchote'rs 1982). lFai'imilg systemlit 

slpecialIsts typically sciile afiotit il ol(tllllStor i'eseat'ch area 

selection aid lpioblelit idetliliticalioil. Wc consider our to six iliioills 

illoire realistic )lIasliig or eiet'ng prolblei idleiitificatioii aid researclh 

platillimig, siince itqciliries iito lie social aind techliicall coitiplexities of' 

rural eel'gy systets ale t 1a iii(lch younl"ger stage thall ailc similar 

t'l'lliimig Syste iIquliries. 



Technology Appraisals and Organization (1.2) 

Other prom ising technohlgies, :hore complex or uncertainl, require 
structured fetasibilit y assessmlents as a Iasis for investnent decisiois. 
The fit of a particular design or scale of tech noh)gy to local needs anld 
resources isthe central criterion. 'lhese projects in ight include 

1. Fam ily or coinmon ity bIiogas plants for cookiing and lighting,
 
or for neigholrhood-scAe 1l)loilinig, iiiilliig, or other
 
agroprocessiig.
 

2. 	 Biogas, producer gas, cocoluht , physic nut (jatrolha)or other
 
bioftlels fIM dtal-f nel diesel engines to bc"used in ir'igation
 
lmping, agrolj)ocessing, saw milling, or otier Staltionary 

shaft plower. 
3. 1hprovxed stoves for cooking. 
4. 	 llnprovled charcoal conversion Ior cook ing aid fbr local industiry. 
5. 	Solar kilis for t iinher and PJl'wood di ving. 
6. Solar refrigerition I fo(fd stor;ige nd preserlvalion. 
7. Crop and vood residue colill)actioln, dirlg, and pelletizing flb" 

thernmal powcr generation or indulstrial Iicat applic; Iions. 

8. 	Producer gas for electricity, generatlion. 

A common tiitire of such siigle-process technologies isIhat they 
convert nonuiniforni and often . ('iltti'ed ialeriails to a irelalively more 
stan(Lird and compact - tlouglh not ncessarily cleai - fuel. mAmong 
several Lictors thait inike on-site jinoject aplraisal essetiial is the need for 
close attention to the physical and iiaigenmeit chairacteristics of such 
nonhoinogeneois i1 puls. 

(Comunlnity or individual sponsors of such candidlate pro' jects would 
be equipped by rese;!rchers with standards of (lataind nmethods of data 
collection to (feterm ine local pro'iect viahilfit/. lhe research temn would 
organize ;lata on perfornmiance mid hienefi ': of the techlology elsewiere, 
to define key elements of necessary locil apprisal dita. Appraisal (Lita 
would be collected mostly h)y local people. (>1 )t:oi lhg ,iilf orglizing tile 
required (ata equip the sponsors forimost aspects of plroillctioli and cash 
flow management. Mirketiig and asset imagemiien are likely to he 
Miore comiplex. COlseliig i)V reseachlers oii tliese ;ispects would i i tuli'n 
provide dia and ca)alilities for generilizing the plict peifri'imiCe 
record alif for idaltiig it to other aieas. 

Such energy conveision technologies, like more co mplex proceses, 
increase the density and change the form, utility, and oltei the quality of' 
the original enier'gy source. The weight- and bulk-reduction of' inaterials 
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anl I lie t)ote IIiaI econI iei(if' S;Icale inIt Iese )rocesses require locatioI tl 
aIlvlysis 1)assess the cmnpet ItIve vi:ihili)y ooaf hc.ll, small-scale systems. 
Appaisals by local sponsors iist determine )lantsIIthe altratlivC'eess ofl 
olvIaryiI Ig scale, Illm/c,II)it Il IIIIsitI, and potdIuitI Iix oItel illage 
or Iteigh horhood I)eeds and f6" possible wider Imarkets.' lhese aimaIvscs 
will, ill turl, ottrihute to defining dla, catcgoie.- and levels of wcuracy 

IIccesSarv low tlI at ii a II I I I'liv ial.sis and exteIsiot, o',a erg\ SVsteIIIs 

(phases 2.1 and 2.3). 

Institutional and Resource Adaptations (1.3) 

CorC LseCMh 01)1)0'r uitiies tetlte to chlallges il Social ilistit tiiols Itat 
cai emIterge with CI'langCs ii use pract ices, bth tellpmial atd spatial, of 
land, water, and stiniglht. Researchcail facilitate tli;ilISitiomtS flioltt I)iesellt 
(perhaps Inipist) user rights to tights (possibly reIe tquihcl)to new 
addled valie. Also imiportti istle iosliti-of tlkillgaulvaitage of 
iitcgrited, ,l1.re efitieiit, and eiilanccdliutliuhlse of vtens esoiices. 

InstalCes if stichI t)(ttialti sfoMifiltt iilCltldCMItiS 


.hat'r~iil ll,ll'l do /n/nn/ ff, i N vIv i o vS. I.. LaI (1list- ;ssessllt lts, 
single or mltiltil)le species use, species alathliability lo thli cliviroillel, 
seasontal and miuthtiveal labor halanlcilig, loan teirils to fitltavest sclthd
tiles. and iiegotiatio of hefit rights lor lisauhv\alitagel paIricipalits 
make u> el.,titnis ofI iltermise evalutatim atnd creation (sec D.A. I loek
stlia 19 83a and I 9,3h). 

2. Cnm in'diin,,, Ilfold N '(t1if i -,'I'.1/itii In Ur , Ilcit- it;lcei 

detrlnitung stove efilicienicie., w\it hicnrrelt ftuel lits ol t,'l)ical itliSlt lre 

Conlttt (VITA.\ 1982, lAo 19F3a):hltitiing\\mnu'sc itriles and 
Concel)ts ()Ii caliate s\stenis froii1 IIel sOURIce to isi, including tiking 
l)ract ices and i-1lated fil'il\ k ctlue: Issessing fliiewood expalnsioli ,nd 
itil-r-ed aill dllitg of I fewoml: ail tealuiat Ing and tesl ing iiiprovetd 
hwul stove desiguis to hti iifireflerred wood Iliels. they aIls entalsil ea ltit
iiig smuoike lholluitilt hia,ards (Kirk Sititlt adI(l others 1983); valtiing 
poissilel, reldaCCd \ce la',t ,(is M'ive+lhuels altelil Iive Fowl. [lOddet;,fiber,,, 

)iilp ,uses,and fr so0il loss ;uvoidaice (William lockerel/, G. SIetier,land 
1). Kohl 198l, (;1,Gerahl .Maritii ml w hers 1981, NRC 1981 ): and devising 
local (ot'veliti<ins aild is[rtlliilelts Ialancing litnilh and colIlltillit\ 
il\+Cs s ali entief it s.tlllllt t 

3. ,\lixed fol-fl hA ]lith lfyd't tifi/nllltnl.t l/ltlll'und f/]'hf*', 'il/i an lil.' /Ii/ll
3tItldetd loe aie hld/et1 (Liiintities aiithqalit.v; (ollti ivitertol)piIig; 

animial Species and f.'ed ili pioemecilm: grazinig anid f'ed mviiana.gellilt; 



(~ii~i Vitg~NcvId i( )ppuuuiivsc 529.ugRuua 

d Iii iia IhI(lt( Iilc i%)IIIcV (chIwsIIg ,ItuIhlgi r I itll 1-i III.m I ri mm I I cIdc C- qu 11 


hlil ics1 S Itilct1982.iS.Iii i)C (S-tit ihis l (I l/i , idL.1)\ \'l uiiiiit 
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AitiltIva K.N. Reddy (I983) on I'lil ionsipiI s lbetweelI I'tielwood aiid otIer 

piodiitive coClii1)Olilts oiitaigrOCcosV.sltnllprovidcs i tiille work for 

as esingcol Ianil d cmI Inlllitllilait llV ilis.Ito aiioilg I lese (()ilIIoili 

llh ill llilv o iit. l l I10 Il IIOt.(.slejitt'I ic5ld iilhls.I tet allv i lI'1l-'as 

Maiiv oftllles' tights ie socially ani (lit atilllcstabl:slled , thigh nilt1 .' 


ntIcesCailv ilntlinulal)le. For ll uses and (lisco'etics thet alcr i itille.ab 

Ma jol la"bor tasks are requieId Io esta)lish these new s%.vstem. Rvltiiil 

.'alues frolllonie's own group lalorlnd traillistlliilig these ahlties ilto 

cdlaital iiI tile fOito of icilewaIhle eilneig make ill)I potenltial svsteil 

1-Iilfowilltioll, Iowlih lert'+lth niv ttltih)Iiteu. 

While lphrojet iilhli'lillatiliilll ljilpi5ril I.poltls ln itl(fiidtil l techI

liologies (plises 1.2 and 1.3) will ierit (lissetiilnlIl fi iilforterregioll aind 

ilitctrcolilV. aIal)tatiol, replrts Olli wiCeIsolce IIliXeS aid ills(itll ilial 

adaptatiolls will ailsohllae wider t hIlriit'al aiild i)oli'N ilterest. lle 

rinii auliilce low kcv iCrse.alch fiildings, hlowCer anti indeltd Ihil 

colutholis, are ilral olgaizers who iniliate new sstelils. 

Policy Innovations in Energy and Farming Systems (1.4) 

litlocal plannngiilg sitiatiliOlls, U)liiIlitis are origillalorsoflew 

policies. ollionS retlhed ill act jls takenIbl urlroups oil tile kinds 

of olgali/ait ollal ani1d resouritce alllttoll isstiespiust Coliisideled shal)e iew 

loliciels that can enulate beoindI isilg1e svstelll sohlitiol. lit(lorkilte, 

lie respect ive aihutles oit iillals ald gloupils to piovide resoulrces 

cattle (Ilit1g, lillata iSk as tllall, lId lail0l-'klht' rIlotugh iiegoti

atllil istile basis tll ili\eStliliilts iii ilec iliogas digestersaidld mill. With 

lile )roslct ofthlcleits ftr cch iteitii)er, l)ilitN' tl ia\,' evollt'ed as ihe 

guilingl citerion for ro ject illilltts. SuciCh instil lititonal adal)tatiols le 
' resolrce polity ill lieh makinig. 

Locil lolicx iliiliva OlilSiNiv extelld spatially through ilearbyel'v irOii

litlit.- lOt exhnilflle, witlhill relati'.el Sitililalr tlilting syslelliS- titil 
the li l elice or atc bllocked(<itdistotted byVprice ortdx I)ollicies lN

liaws shaped in regililal o lialioial (enters. At such intersect ions, interest

ing new )oli'.tesearcllh isslies lte revealed. 1)- ,hal. thlehilltost intetesting 

policy ilit itllivcs in.ol\iit ilew research chlillc Ige will he Itlose riaiseod by 

(isadvataled l iOutl)s who oftln litl\e ilolt suittccec ill comtliilutlcat ing 

collerelt j)oit. cmtiteliS iill,(.-1 t. Researcilh tlexihilii\ I(opick liptIhese 

IeIw issLes issolght.
 

(Cltain critic'al issues Ilfne idnitiliel iii the researhl 'we 1\ae
 

reportel here. iislantcs are
 

I1.Vulriliol, elnrpy, wnd work. O)jectives would include testing relation

ships betwee'n ioool and nutlrition deficiency anid tel deficits, estminalng 

http:relati'.el


(Comtt~irhg Ruri Fn *r N.ed oU( )pr oituniti.s 5:11 

41 

PIrlo/.y ' 3 k It' ,.% /iv';. crubb em d it i aiI m PII I/) aa,'d )woodI hi/,. . I 
,Solarlt'r~r1 l./it/ h/, (I.ml. (Kh4 I. .Smith) 

e I '~cIs of's ulstandard en, g imake'oil ini's an (I wounit i's work act I\I i I s Il~ 

an Irla I ct(I agliiIIt tIIr; 1 p)o(Ll(mtitI, anda;iSetss IitIg IllcIdi( tl' of t hiI'Sc 
effetcts anitonglJr Ia tle'ss tLa ii les a (S I I I, Il I 'dI hIIIoIde InS.()t IhI I of)j,ec't i\Cs 

quantities (f footl> needld tlo mrconi 

these tonditions: and, tIlioghI const Ib re)rite seI [at I Ic I;IItIlies ctII
enI ledt,Rk.eItithIiig lssible tovnicv altcrI+I IIes htw Iesont :hc lhIaioII. 

ill slIIt ti~lil a da;lat I~m , and p~roduc Ii l h li t- IIto I c . 

are estimating adde,tl ld kidtCl 

mF I] It~ cl 

th ts . il'tt s. 
2. /l/] ' u/u/'X/I,P ,lI.+'(111t (P11)% ,/p'P1 )1, , .lhand c/1(1//I. m .5' 

cliologi.s 
for einterprise. e xpansion ill stlhsisctl'P-.', mlall-s dal,anl niieditumi-scaufe 

flaims ill the lot al fItihig s\st,:. ,:A)[u1it wouldI be taktlI (f choices and 
uixes of(drllt aninuial andIll echiaicaf p;w? for irtigatm ion, field, and 

0l)jeCti\e would be, to dcItIlilrh suitidhC ctiig%soulrce stvl tead 

postharvest oer)eIltions, of potentill stubstittii o. nrtImixes of No(nels 

andlfossil flels, and of potetntial cont rib~utions oh ibotitass de',topiienu 
I'or l'uil (see R. Wijewardene 1982, R.DI. Bell and ... \ilcocks 1982). 
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3. l tnplovmt' nt-generating potentials (related(o nmdilion afl work). Wit I 
energy-related far in jug system changes, these include job creation 

through intensified croppinig systems, agroprocessing, small-scale 

industry, an( road transport d(veloplient, wit Iha research focus on 

retaining econolic multiplier eflects within the area. 

4. Imoativ'eum,/ trlallilioitlcommot propertv rights. As in (lhorkate, 
adaptat ions are sought to enhamce the usage of limited resources in ways 

that ensuire equitable and just (list ribut ion of costs and benefits. 

Particil atory research woiiuli establish priorities among these issues in 

the local ar,_a, refine the aims aid scope of work, and establish the basis 

for analyses to providle comiiarability wit h studies in other areas. 

Evaluation, Iteration, Generalization (1.5) 

Each oftlie plases of local research just ouitlinedlhas its own time scale 

and measures of elliecti,emiess aid benefits related to costs. Wide adoption 

of' ractices and techiologies isthe first evidence of success for phases 1.1 
to 1.4. Perhaps of greatest impiortanc is formation by area residents of 

their own criteria and evaluation procedures. 'lhese will guide research
ers in structuring more systemiic reviews, iII si uidylig uniiderlying success 
hwt".lors, and in as.sessing their implicationis for wider use and adaJ)talio,,. 

REGIONALIZING RURAL ENERGY TRANSFORMATIONS (2.0) 

We have proceeded in building a design based ,,, people's initiatives, 

tinder cond,-ions of scarcitv, fOr initegrated research centered on energy, 

food, and related resource organization. Rural coiiiimuinities' cal)cities to 

realize wider energy potential may be enhaniced b1 the steps outlined next 

to regiomalize research on renewable energy developiment. 

Identification of Geographic Areas for 
Extending Rural Energy Successes (2.1) 

Where can successful imi,..vatimis in stiply ing energy to increase 
farming system product vity be e lf ctivelv extended or adapted? I low 

can performance mea1tses oil imndivnidual )rojects anod diagniostic, need, 

or value indicators of ,irtictular resource configurations be used to guile 
such adaptations and locationl choice? 

In farminig systems research, several techniques are used to identi fy 

recommendation domains in which "roughly homogeneous" groups of 
farmers may he advised to use "more less" the same new practices, 
based on fiarmer-managed trials (Shianer and others 1982). Six compo



nents ina stratilication approach are emcrated by Shianer (I 983): 

agrclimatic zones, soil and land ltassificat ionl,biological and cropping 

IIl sotoctt utalenvlttirnetIt, ftritIIpract ices, ecototItic ctIdit iolts, it 
dhi g land Iit t -(-rt.Not ingt Ithi each inttcrnationalI ropcond itions hnclItI 

researchI iIIstitIIte ,a1n1it,/cs IItese factors sotIIewhtIit diliterlIly, SIitI Ir 

cautions againtst working wit Iitoo ianv cottbinations: "A l'utile exercise 
in orIderliness:, 

li6 estalish t lirect, cotil)ipnttie tppI)roach t4 idtitilying recotiitteii

diatiot hiltthkits lot rural etergy systetis, we suggest a ftzus oil owo prin
r
cipal dhnctisiois: (l) ih pit g svsel o; tl itsiiite<l ldist rilition o 

sociocuh ural,livestock, forests, atil iteevs: ;ilol (2) reghmitl l<poitl ioun, 

and i firast 11( I tire (chara-cteristics. 

Mapping Crop and Related Bioresource Systems (2.1a). 1he prevail

ing crop, livestock, andliresyt stltl sets the tnost itmitediate cottextt 

Ioa rural rgy l>oteit ial and coust rants,. tu'ndrlying tn(lowiVletlts oftit 

clitlitc, land,anod biology infltencing ctony)ing s'stetlis Ititv be coisid

ered secondary lactors n l)tuposes of te-giotial energy atssecssitie. A 

starting ptoint for tInapping etnergy and bi resource s sttcis, lot- evtil~le, 

is ill Ilie tcthtt d10,1 ilfiormition I,'ed to dl\elo) Ittaps oftrice-cropping 

regions, that is, shallow raitlfifd, wtt scasont riitgttel, intt ined(liattc 

rtiiln, dry upla t11d, yv ssoll iTriglatctl, atl dCClWintct ( RobItr IIlike 

1981, 1982). Ihiese Iiil5s, ptillisled by the Inteinatiotial Rice Reseatch 

instil scaled to idc'ltil\ aireas hiaiing 3 l(it)0 hia pa rt ice.'i jtiitular 

(o))ilg svmtei (see also NA\ ( ) 1980). Rltritl tltlv researtcleirs (otll 
it,:itt 


ail diagitostic itditatols lotr other pritcipal 

cilp sNste tlstland 1livestock, lorests, a td Irtee g o s to establish iiihica-

Iiclirttgandi ,lrtititg systeti dilaiils. Soil taixoiieoiis its itllized ill 

he tBetnichliark progrtain (Betcitathni k Soils Projcct 1982) and tlie Inter

natiotiitl Benchltatk Shts Nc work ho Agtnrhtclihdog 'hlraitsftr 

cotbile these wilh tililtps 

) ogimgtssikly stli)llttnit t lietese atialyses. Ihis proce
(uite whould perinit stibslatilial adlvlliets ini del'ilin slilip itittati s 

(IBSNAI (ot( d I)( 

t"o 

struturired slidies alild in gctirli/itig ihcir finditigs.
 
3
This rtecotintlitioni is cisisiilt whh Itli coicltsiotn itl (liapelr 

i'Il hli ss : npillllithlt t,cob( t 11;11i adilinist tat\c etat liil liteh lg 

hasis lotr rtoal elnlrgy si tidies. 1 lite crop-liestock-oretsi s stetii i t 

inati lestalionoltlhe cosvslt'ti tld is teasurabtle itn ctlg -rlevanlt 

tits. Bl( tit iirce systetti ttdai)5 iti(l iliagnositic indicitiors would e 

ulIvAtl to dist rict adthitiist rators ll plaiitrs, its well is to lialional 

vplicytniakers, since Ihc piovilde hlcaiion-shpeciltic g1tidlelites lot(li"llrent 

)ai-ls oh aI(ltnlin isti'+li c districts. 
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Regional Population and Infrastructure(2.1b). Energy recoinnmen
dation domains identified by st udying bioresource configurations are 

subject to revalidation on other dimensions: (1) geographic or spatial 
scale; (2) sociocultural characteristics; (3) pzpulation density and patterns 
of'settlenent; (.) proportions of stibsistence to commercial agriculture, 
and of'noinlconiercial to cotnineicial energy for sis;(5) toad density 
and related cOnllltications: and (6) types alld scale of inldustryiland 

comml erce. 
The geographic extent or diversity of ftrming systems in fluence the 

physical tllealis al d costs of t riansl)ort(,coI0 Illtill tialt iOlS, liquid fuel 
(list riblition, rttial elect ri ficat ion, mnar'keting, banking, and regulatory 
structures. l)ptula ilon si/e anld itncoiie (list 'il)Ot ion, market and other 
central place fin iolns, and size (list ribut ion of villages influence the size 
and location of regional deilan(s or local anil inported energy services. 

Road conlect ions to interior villages anld accessibility filctors such as 
transport dist ances alid costs fr(o villages to central places fr-t her 
influence sttpplv-denladilela ilons. Propoitions of nollnonetized and 
lonletized production anl iade in tod and etnergy m.aterials are at once 
a function and meastte ofthese ittet-acting ftctors and l principal 
determinant oftheir evolut ion. 

We stggest that subsistence to coinucitial )t'olot-t iois of agricultoal 
and energy p'odluctlOll be mapped an(1 cou)pulCed wihi crop-livestock
forest maps, forming a grid oil two atial tic ditiensionls to) ideltif 
recomlendllat ion domains ['I" energy-Iatrll iltg s'stciiinInovat ions. 

Consistent use olt hese two dimensions fotr coin"l)aralive analyses among 
di li'ent regiols atid countries would iefine these inst rulent s and 
expand their apl)licability. 

These two indicatoir sets together proi(le a framework for analyzing 
specific input, out ptit, and tira;isport factors ilffitle'!citlg the viability 
of'energy technologiesal il ixed etlc'gV' sNsteIS ill variots Farming 
systelns. InI this 'ratinework also, otlher selected variables could be used to 
strtct ire conpit'ative ataiabses ()It specified policy issties ard to .t tidy 
changes over ttle. Maps of'cult url variat ions would be ipill)ortint tr 
several issues. By those ticats, pt'ogress toward generalizing the under
standing of techtiology, tnageent, and policy aspccts of' renewable 

energy systeis could be advaniced. 

Converting Local Information Advantages to 
Asset Creatiori Through New Energy Systems (2.2) 

Close knowledge of' renewable energy linkages with fartiing systells 
should prove to be ati impor-tanit advantage of local comtutnities and 
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entrepreceurs in their discovery of tlv eniergv develoJ)lt Itppo hilt

ties. Iiir imatioI ad\vdiI Iages will Ihave accrued IhIIolgi eXlerience of 
seasonal and anilial fhct atons inlcrop aild fue'l ol )lt related to 
marketing, cash flow, andiia .set inietiiet. Adequacy of iew fodder 
supplies to sustain larger cattle popilaiions, for example, as a basis for 
dairy processing, reltrigerat io, aid (list ribuition chains, would have beei 
validiated lIhroi gh eXlerientces particuhlar to each ceiierg-ai'i'llIng S t'ei. 

linirlilation a(lvalltages on changes illeier dtensitv, quality, aiiid 
scale of'conversion (phase 1.2) are essential elemtients in enabling energy 
developers illrural areas Ioassume leadership illestalblishing viable iew 
Systesii. "lpicallv, ;aillitages of local inlfriimt iol, -I.,he expected to be 
greatest fir techiiology changesl irectIlNlinked to rural eniilises, f(r 
which local isers cal direct ly iiilfit'ince desilgn ilnovations. Changing 
Fuel production techliologies at i lolleplre titiic for rural locations. 
If conersioin to greater energy Ce SityiSiillplics les of' sctle aildconlmill 
materials reduction, Itlien, In illiiv inistallces, locatllion ftors may give 
advilages to installations ill central or evtll iietropolitan places. Ilo 
reverse such ;Itrend, rural areas will nied tCo iiiobilile their coitervailiig 
information a(valiltagesa;li ajiust sSteil Scile anid pelforilmlince to rural 
endowmnils andi ieeds. 

Eiid-Use cliaiges also imaiV hive meglt'ai local tffects, ofienlli iclrlici
lar groulps. Portable chaii saws aid d(iesel-I)owerchd boats ii iKalhniantain, 
liilotesia, have eaiiliiiic d lie e'ficieiicY' of incl's work, iaiikiig womn'sis 
work relatively less product ive (Coltfr I.983). lie lplosl ect oflisplacing 
sOlile letroletim-bi.se(_d iel wtlIi bioftills suii as jprodliucer gas reuiires 
assessment in such areas, inkI (I with )ossilell ollpo.rtunit ies tom tlhe 

planting and tenditng of biolnass seed iiigs C other tiiiplo)'lilentii to restore 
Status aind eatnings illfornis accel)ale tC woIeliein. Linksf tiis type 
betweeti riiralelnd-utse innovations and new uel coii'ersioi s\stetil 
)a.sed on local reso)urces (plhise 1.3) cLild otfletriiolilrtait locatiolial 

alvaitages to lrural areas. Rural etiergy orgalizers who lecei'e suchll 
advantages can coml)inie their ideas with thliose otresearchers intecliiinol
o)gy d hevelopeinnt to retain Ilhiese bencits inIhe local area. 

'l'he research aimihere is to bulill oi these adivantaiges Cf local System 
kniowledge to disco~ver nild develoCp ew eietgv systeIlliI )h)Cprt lilit ies. 
Soirces of added valie tllrotigh this lroCtss collf lie converted tIoasset 
ftration by aid f,0r local enterprises and conlniliities. 'lhlese include 
efficiency gaim" illeitid tse pi'actices a1i1l collersioi techniiologies. They 
include prodaceri surlus realized illscale ecoioi ies lr hiilier energy 
quality, if etained in the area. With il stit utiCtial innohvatios to ensure 
that l sers and prCiodicers share in t hese efficietlicNtien lents and ill 
transport or Iransfer savings, rural resideits' income and asset base could 
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be strengthened with multiplier benefits, enlarging local markets and 
still tilating lew eni h)loviilenl. 

Comparative Assessment and Generalization 
of Renewable Energy Systems (2.3) 

lb realize such )otentialS for riiral asset CicTaiohi Ol awide scale, 

briidges are niecessary between new cal)abilities in need and market 

assessment, oi tlie one hanid, and the Frograms oftechnology develop

menlt agencies, oil tile other."lchiiologybreakthroughs typically require 

conceiltratiol ofta high order of scientific and eilgiieeiiilg capal)bilities. 

This isso because each techlhmogy )ackage integrates a host of physical 

prO)perlies and design parameters. Allocationl of iesearcll an(Id develop

meiii funds and persolniel fosters specializat iol ilth around Inlajor 

eiiergy resources aild com)versioti systeiIis. (;i'en ieineed fi specializa

ion, this isa ilecessaivy stage in scieilt ic:ald techimlogical discove'. 

The'ageildfa we ;.avocate for bringing !lie perspecti%'es and ideas of 

rural residents iuto teclhiiology developite itwouild provide a strong 

comipleient to this technological iiifrasi rict ire. Ihis isessential i'tlie 

thrust of technology develop)iliclt is iMensure al))roplriate solutions fbi 

imiproviIng the q,,'hity of rural life. Design parameters based oil rural eild

use experience aici on research trials oftlocal energy applicat iols are 

requiiled. Coilpaat ive ;assessillits across larger reginls alc recotli

lieil(fe(f to valilate rural energy needs anId )rioritics iy taking into 

accolunt dlitfereit agricul nral, social, af cul tural factors. 

Such assessments can Ihe tilade with tle aid oif systcmic technloh)gy 

att ribules oil a grid that would iincluide 

I. 	Phy'ical chwraclcriqirs. Size, divisibility,suibstit utability, biologi

cal atnd eii'iromleilial interactionls, I)recision alid tolerances. 
Energy dellsil v, weighl 

volume chatracteristics, inl)Ut and outlpUtimobility, diffttse or 

cotlcent rated (fist til)Ltiou hiatterils. 

2. 	 LocatiotialaIl.%pafialcha ract'ri.sltic.. and 

3. TVmporal/achlr. Periodic, nnhiii, or peak supply and use 

patterns; daily and seasonal Vat'ialility: mat uration periodl life 
cycle ald drIllation. 

-1. hn/rastructhn(tI'rq uniri.. Serv'ice aiid repair indlist ties,
 

specialized skills, (list ribut ion.
 
5. 	Organizatinattributesand /if to u.sr romitin.s.MIanagement
 

complexity, maintenance, flexibility fbr change, pertormance
 

mon itoring, betefil (list riblit io, tIri and coilrol of asset
 
creation, reinvestitent of )proceeds.
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Using such an assessment grid, for exaliple, the capital intensity of' 
energy technologies wouldlbe assessed to determine tIe potential for 
high ca pacity tit ilization when the sste$IItI IIder considerat ion iIIvolves 
high fixed costs coMIIpared to va riable or operating costs. Renewable 
energy resources-wind, many bioIIass foiIIs, ;dlil solar eerIegy -woul(I 

be assessed for possible v'ariability that might iIIerr IIpI o sIarI)IN reduce 
facility operatiolI. The iIIplications of potelltiail Isupply iIterrupt ions 
when biomass resources in ; partictlar area are controlled by ;Itcw s,.llers 
or buyers would be assessed. Systemic sttldy of 'such regional influences 
can sign ificantly advance knowledge of how to f'it energy techIiologies 
and organization to loci'i need and resource conditions. Funds alloted by 
(leeloliell t agencies ,0such groutnd-based assessments call thereby 
be expected to yield high incremental ret ins to technology-specific 
research and (eveh)Iueit 

RESEARCH ON NArTONAL AND INTERNATIONAL 
POLICY ISSUES (3.0) 

hi tile context ofeinerging policy issues in each couit ry. experience 
of'st udies ()ii local policy ininovat ions (phase I.A) would help del'ine the 
I'ut iational energy and rural develolpmenture objectives anld scope of 
policy st udies. Throgigh better definition ol'aims and scope, I'tit ire 
research including compaative interniational st ilies caii find an1swers 
to specitfic policy issues illior'e cost-effect ive ways. 

Data Development Guidelines (3.1) 

The research experiences reviewed iii t his book furnish certain 
guidelines fbi devcloping rural energy dat;i and for determining the 
objectives ani(l scope of iinajor st tidies. 

1.The olbjectives ofenergy and rural feveloplnlit studies inivariably 
intIsbring toget her I lie perspectives of tlie social and policy sciences wit Ih 
the perspectives oft lie physical sciences and technology. II iuudreds of 
millions of people ill ruralareas are engaged iincomplex eft'orts to assure 
and advance t le ii ftlttire well-being. Energy, tliough central to these 
transforilat ions, is only part ol't helim. bility and readiness to build new 
knowledge consistent wit if tile actions, exl)erielice, and beliefs oftrural 
people isessential illresearch to( uiderstaiid, fOr example, tlie interactions 
of'energy wit hihigh-yieldl crop varieties or with widening rural tralisport 

s steiiis. 
2. lb iieet t lie plurposes of baseliiie datit collect ion, tile regular inclu

sion of rtiralenergy in ceiistises and sample sur'veys periodically sFl l
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sored I)y goerlIInllIt swouldIbe Imiore luSt rLnCt Vi'alid cost-Cfkcti\'e than 
si tI(IiCS ci (Ionltctcd iin isolation. ()lie ilIIst;IIce isthe Ihilippines' energy 
lee (ls survey planned as a reftine(I eflort ill co)peration with the Nationit 

CeIIsIs and S";t strtcat istics Office (Chapter -t). Standa'dized, carefull 
tured questions on energy are being introduhced into agricultural cell
suses, houselhold expeldit urIc stlnI..CvS, and so(cioe(oiiic slirves in 

ot lier coiiitl rios also. Suistained use of these standard stat ist ical systenis is 
IIecessar V lor consistent dlevelol)elnt ol' t en'ergy t illc series data. 

3. These standar(lized sulveys deal in a siguifticauitl liiited way, 
howeve; ,i Ilnot)1Iiiiiieii.I eiIergV SoLiceS ail use. Reliance ()i 
".standard"o coilsistelilly dflinll" eniergy (ata I)ised only oil iricedl 

transactions dlistorts the national pict ure an(1 is value-ladeln against more 
traditional parts ofllie society. In Iartlytoietiied areas, therefore, 
colIl)le, ientary st iies should fperiolicAly be uiidertakei to fill this 
iiai jor ga). Pari icijait obser\'ation is essen ial i I lese oi i)lcini ientary 
st udics to olbtaini uiderstaiiig of peol)le's bIhav'ior il isilig aild dehl)

inlg eiieigV reso is'cs, to uLii(fe'stauni[ iS)ecIS of'scarcity an(l vailutiion, and 
to deftlh cl;I'iaCeistCIcs fr .struict. uI(Cred questionnaires. Rural residents' 
j)ercej)tionis of colustriints tii(I opport tinities or energy devehl)opment 

sl oIld be soughtIo hel)p fOcus data collect ion. St udics oI his kind in I ie 

ioinfo-:Iula sector woudIliIi() senise substilt ic 1,01 the (lvloleiit and 

act ion resec; I¢]ouIit lined ear'lier. I IIdeed, gCogralihic Classit'icat ioIs aiId 

it€licatos es,,:!i~shd in pIha~s 2.1 wouldlihelp (leItie saiiple strata for 

periodlic stI uI(ies, ;and treby gI.adtali would port ray t Ieimore comlplete 

rural etnergv sceiie. 

Priority Issues (3.2) 

Il each count ry, niatiolil agicics face pressing policy issues that shape 

their research agendas aind )riorities. Ai iinl)ortant sotrce of'research 
priorities ise\'idelt ill this book: the policy initiatives of rural groups and 

coniiiiitiiiities who are fitlini new ways of laruoiingllg their interests iii 

order to choose, orgai/ic, aid beiiefit froim renewable etierg, alterna
tives. listitutiiial(1;adptatiios anld iifiioatiolis as exeiliplilied ill (hliho

I)rak ofIer rich new len iiig grounId hotr nat ional policy hoiiitioi. We 
recotmcIiiici(f that ta1 lioiual bodies seek way!,'.s oflheing alert to these rural 
policy initiatives and spolnsor st Liies actively itivohvintIlg rural grotps ill 

order to fitshion iiaiioiial policv iiniloViliouis. 

Two priority concerns tial imerit Carly ('oisi(leratioli are outlined nlext. 

Innovations in Development Loans for Rural Energy Systems (3.2a). 
Il deterllining allocation levels aild(coliit iotis ofd(evelo)jiiint loaiis fI6r 
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energy projects linked with crop, tbrest, and livestock systems, three 
aspects of financial structure should be recognized: (1)wide seasonal and 
annual variations in project maturity and yield, (2) wide variations in 
capital to operating ratios, and (3) consequent 1, -"for adaptahle equity 
and debt profiles and sharing of risk. The Chorkate community adapted 
traditional instittitions to structure obligations and benefits differentially, 
thereby evolving an acceptable schedule of benefits over the expected 
project life. Structuring of development loan terms to meet such adaptive 
capacities is critical to building local assets. l)evelopment finance assumes 
a crucial policy role in light of the Iocatioiial variability of rural energy 
systems. Whereas national price aiid tax policies may not reach their 
intended beneficiaries where regional barriers or contrasts are high, 
development loan managers can tailor financial packages to the stitict tre 
and development ol)jectives of particular project profiles. A systemic, 
comparative study of rtual energy pmjects in diflerent farming systems, 
then, would contribute to the evolution of loan policy guidelines to 
reinforce rural asset commitment and creation. 

Nutrition Policy Implications of Food and Fuel Deficits, and Proce
dures for their Elimination (3.2b). Assessments indicate that nutritional 
deficiency associated with inadequate food consumption reduces human 
energy for work, often with delayed time effects, and may also redlice 
eflbrts to find work (David Seckler 1978). Studies cited in this volume 
have identified instances where lack of access to fuel, usually associated 
with inadequate ftcd supply as well, has red uced cooking periods with 
sometimes inferred reduction in nutrition awl other potentially negative 
health effects. Research inspecific rural energy and fiarmiing systems (1.4) 
is designed to test these factors and provide evidence of their effects on 
men's and womeVs prodluctive work, health, and agricultural production 
activities especially in peak periods. Assessment of'efcots on food output 
and on system capacity for more ititensive production would reslt. 

Sustained residence in villages involved in this research will be 
required to establish voluntary cooperation by the families concerned, to 
observe representative food and fuel sit uations as the basis lot purposi%'e 
sampling, and to measuire and evaluate these sensitive ['actors (Elizabeth 
Cecelski 1982 and 1983, Stibachari l)asgupta ,ld(;oviida josh i 1983, 
Myra (;umawan antd others 1983). In turn, tle active paiticipation of 
rural families is expected to bring out ideas fif praCical shapilg of 
policies and progratiis to alleviate mlitritiott and energy deficits. Sponsor
ship of carefully conducted sttidies of this type in diIferent farm ing 
regions woul,! provide an estimation of the severity atid iiicide'Ice of fuel 
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Future Research Issues (3.3) 

.Hlrec othtIc 1Iih(xc.% ' o Ilij.l signiuittcaloI'M.th ,iii Live oflutcgN 
ill I-uiil cxclopiiiciit in. u11lhc u ill Id I i t 1iic il t JIll agcIilda. 

Rural Transport Policy and Energy Development Alternatives (3.3a). 
Ill Iuiamu Iegioni, lwu) iilc 1i-auIpout )liu%'s'~iicm;uc whl IlveItu;l 
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metropolitan centers. Transport of fuelwood to Dhaka and K hulna at low 

marginal cost in trucks otherwise returning empty from commercial 

deliveries (as portrayed in Chapter 2) exemplifies another eflect of road 

trans)ort policy. To what extent does this exacerbate rural fuelwood 

shortages? Could suitable transport pricing policies cou)led with rural 

development loans modify or reverse such effects? 
Biofuel potentials in local farining systems introduce an iinportant 

new variable in these calculations. System variables include the potential 

for new design of limited-distance, linited-volume trucks, tricycles, and 

other vehicles for use withiii the rming system (FAO 1983b); design 

criteria on road widt It, materials, capital/labor construction costs, and 

life expectancy; and environmental impacts fron alterniat ive road 

systems. Selectiv'e research on t hese rural traiisport issues merits slpport, 

especiallv in areas where st udies of regionlal characteristics (phase 2. I and 

2.2) reveal significant poteinltial for asset creation in rural energy sys ns 

by residents of the area. 

Comparative Regional Trends *,nSubstitution of Renewable for 

Petroleum-Derived Fuels (3.3a). ('ily wlie~i coniparati\e studies on 

energy choices fbr farins of difierent size in various falrming systems are 

well advanced (phase 1.4) can adequate analysis be made of the overall 

advantages of specific renewable energy systems relative to petrole alim

based fuels. Assessments of rtiral transport alternatives just inentioned 
will also significailtly shape such substitution potential. Iterative studies 

of tlese factors will I,- necessary to establish a foundat ion for conparative 

evaluation0S aiiilg regioil and cotlultlies. 

Comparative Regional Structures for Renewable Energy and Elec

tricity (3.3c). Analogously, sttdies on energy constraints experienced by 

different size frlls wit I varyiilg crop, livestock, aild forestry inixes beat* 

direct ly on the cost -effect iveness ;-id bIenefits of rural elect rification 

ogrl',ins. iThese sit tiatioiis in dii rent fmI'liiing areais also, of'ctltirSe, aie 

interclepeidleni with liquid andiraseotis Fuel develol)ineilts and with local 

potv,!";:il for el,.:: . power gen iration. F~airlv extensive ev'idence frol 

st'.cli sttidies ill diverse regiolns is probably iecessarv as a basis for coinpre

hieisive assessinllel of'struct ural rela iloS aniliOig relewables, electric 

pox -, , and electrical grid expan:;ion. 

POLICY EMPHASES 

The social and physical basis of the outlined agenda, clearly, is in the
 

innovative new efiorts to enable rural people, where they live, to engage
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with specialized pirofessio ials in assessing promising opportunities -as 

well as limiting factors- for using energy more productively, efficiently, 
and equitably oil farmns, iin cooking, and for conimuni tasks. Highest 
priority fbr resource mobilization and program scheduling is assigned to 
in fi-led dialogues for diagnosis of' problems and priorities ill energy 
and farm ing systems (I. I ); to local appraisal and organizing of'energy 
technology systems (1.2): to institutional and resource innovations for 
more intensive crop and biomass production, linking energy with culural 
practices to assure more effective protection of the environment (1.3); 
and to policy research with active )articipation of farm and labor families 
on urgent issues of nutit ional ,adequacy in relation to food and fuel access 
a-itl on energy requirememts to increase productivity on small and 
tramsitional farms (I.A). 

These development research fiunidations will strengthen rural people's 
ability to build on teir own knowledge advantages, to organ ize more 
pro)ductive and equitable ftrmilng and energy systems, and to retain the 
beniefits of'these institutional changes to improve rural well-being (2.2). 
Priority policy research oil development loans (3.2a) and on nutrition, 
energy, and work (3.2b) should be closely linked with these local 
system efforts. 

Research and developlent instit tt ions located wit hin farming 
regions, ill most instances, will require budget enhancement and 
flexibility to build local outreach and to meet life interdisciplinary 
requirements of such Iprograhn. Numerous fields of'specialization are 
involved, tile particular combinations vavuying aillnOg regions. Disciplines 
centrally imo lved iinclude t lie agricult ural, animal husbandry, and 
forestrN- sciences: social sciences, inchlding antthr lfoogy, home and farm 
economics, farm ,naiagerneit, nonfol iial educationi, womeni in develop
ment, and rural sociology: and mechanical, chemical, and electrical 
engineering, as well as agricult ural engineeri-ig and water resource 
management. 

Clearly, few instit utions located ill rural regions enjoy such arrays of 
talent. lnuerinst itut ion cooperation, especially ill forming core research 
teams, will usually require at least five-year commitments. Orgatizatic al 
flexibility in fielding and sulport ing development research teams will be 
at a premium. National policy support for generating these energies in 
rural development perhaps etnerges as a principal issue on the agenda. 
Developmental research undertaken where most rural people live, 
deriving insights [ront their beliefs and experiential heritage, and guided 
by tile severity ofcotistraints they express - tIis is tile policy challenge. 
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NOTE 

1. Tested research designs that have fostered local development 
initiatives by linking these with national lx)licy fbrmulation are fbund, as 
examples, in such diverse spheres as small industry (Nanjundan, Rohison, 
and Staley 1962, Staley and Morse 1965, I1O 1977, Anderson 1982); 

community health (Taylor 1978); fiarming systems (Shane; Philipp, and 

Schmehl 1982, Harwood 1979, Zandstra 1983, Mark and Lucas 1983); 

social education (Roughan, fbrthcoming, 1985); and development 
administration (Paul 1982, Korten 1980,Johnston and Clark 1982). 
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Rural Energy to Meet Developm'nt Aeds:
 
Asian Vi//age Approaches
 

edited by M. Nurul Islam, Richard Morse, 
and M. ladi Soesastro 

This book integrates policy, technology, and action research methods 
in providing new perspectives and tools for Asian village decision makers 
and planners who seek more effective uses of energy in important rural 
tasks. Thle cooperative research on which the book is based was motivated 
by two policy concerns: the supply instability and price uncertainty of 
petroleum-based fuels, fertili;,ers, and pesticides: and the environmental 
depletion associated with widespread dependency on firewood and farm 
residues for cooking fuel. The authors combine the voices and knowledge 
of women and men who plroduce and use rural energy with analyses and 
assessments by engineers, economists, agricultural scientists, and anthro
pologists to clarify these issues while filling serHous in formation gaps about 
the use and substitution of Fossil ad biomass fuels. 

The book focuses initially on cooking fuel required to meet folod and 
nutrition needs. It demonstrates research methods linking energy with 
farming systems to increase agricultural product ivit' and to support other 
income- and employmentl-genrating act ivit ies in rural areas. The anthors 
thereby establish a research agenda through which rural residents, in
teracting with specialists and policymakers, can build upon their own 
experience and values in organizing socially and environmentally appro
priate rural energy systems. 

M. Nunil Islam is associate professor of chemical engineering and 
director of the Institute of' Appropriate Technology at Bangladesh Uni
versity of Engineering and Technology, Dhaka. Richard Morse is research 
associate and coordinator, Energy f ir Rural Development, East-West Center 
Resource Systems Institute, Honolhu. M. Hadi Soesastro is head of the 
Department of Economic Affairs at the Center fir Strategic and Inter
national Studies (CSIS), JAarta. 


