
ADDIS ABABA UNIVERSITY 
SCHOOL OF GRADUATE STUDIES 

~SJIMA-'FING HOUSEHOLD ENERGY DEMA ND OF RURAL 
~HIOPIA USING AN ALMOST IDEAL DEMA N D SYSTEM 

,<,IDS) 

BY 
DAWIT DIRIBA GUTA .• ' 

r 
'S'- J 

A thesis submitted to the Krtfduate studies o/Addis Ababa 
University in partial fulfillment of the requirementfor DeKree of 
Musters of Science in Economics (Natural Resource and 
Environmental Economic!'.) 

.J Illy 2008 



ADDIS ABABA UNIVERSITY 
SCHOOL OF GRADUATE STUDIES 

"Estimating household energy demand for rural 
Ethiopia using an almost ideal demand system." 

By 
Dawit Driba Guta 

Approved by the Board of Examiners: 

Advisor Signature 

Signature 

Examiner Signature 



TABLE OF CONTENTS 

ACKNOWLEDG EM ENT ......... .......... .............. .. . .................. i 

LIST OF TABLES .. . ..... ....................................... . .............. ii 

ABSTRACT ........ .............................................................. iii 

1. INTRODUCTION ..................................................... .... ....... 1 

1.1 Background. . ......................... ..... ..... .. . ... ... .. .... . ............... 1 

I. 2 Statement 0[' the problem ................ . . .. 2 

1. 3 Objective ol' the study .. ..7 

1.4 Il ypothesis ol'the study ..................................................... . ......... 7 

1.5 Limitation and Signi Ileanec of the study .......................................... 8 

1.6 Methodology .................................... '" .. ' ............ . .. . . .. ....... . ..... 9 

1.7 Organ i7.ation of thc study .......... .. ............ ...... ...... . . . ........... .......... 11 

2. LITERATURE REVIEW ........................................... 12 

') I. Theoretical Survey .... ..12 

2.1. 1. Ccncral ovcrview of EJlergy consumption of the wol'ld ....... ... .... . .. 12 

2.1.2 Overview oj' energy consumption in Ethiopia . . ................ ........... 15 

2. 1.3 Household econom ic frame work and energy demand (fuel choice) .... I 7 

2.1.4. Factors afJ'ccting energy demand of household (fuel choice)..... 20 

2. 1.5 . The lenergy Ladder I lypothcsis and ruel stack ing by households.. .23 

2.2. Lmpirical Literature .. . .... .. .... .31 

2.2. 1. Detcrillinams ol'household energy demand ..... . ..32 

2.2. 1.1. Household Size ..................... .. . .. .. .. .. ..... .. ... .. .. ...... .... .. .. . 32 

2 ? I ? () .' fr" ~ ~ ._ .. _. wn pllce c ecl. ............................................................ ,),) 

2.2. 1.3. Cross price effect. 

2.2. 1.4 . Incoille elTeet .... 

........ . ................... .. .... ...... . .... 36 

2.2. 1. 5. Ii ousehoid labour allocation . ........ . 



3.1 Economic model framework for estimating energy demand of agricultural 
househo ld ....... ........ ............... .......... ......... .... .. ..... ........................................................ .4 1 
3.2 Definition of va riables .. . .54 

4. EMPERICAL SPECIFICATION OF THE MODEL. .... ... 58 
4.1. The Almost Ideal Demand system (AIDS) for estimating price elasticities of 

energy demand .......................... . . .... 58 
4.2. Effect of Price Normalization on the AIJ)S and LAAIDS Models ............ 63 
4.3. The multinomiallogit model for estimation of household energy ehoiee ... 66 

5. EMPERICAL ANALYSIS .......................................... 71 
5.1. Description of data survey ........... ...... ............................... ......... 71 
5.2. Descriptive statistics of variables used in ana lys is ............ ... .... ......... 73 
5.3. Discussion of regression results ......... ......... ............ ...... .. .... ...... 80 

5.3.1. Elasticities of energy demand ..... ..... .......................... .... ......... 80 
5.3.2. Multinomiallogit estimate to analyze household fuel stacking 

(Multiple fuel usc) .. ... 91 

6 .CONCLUSION AND POLICY IMPLICATION ...... . ..... 106 

J 

" t 1.,-, II 51 

~ :: 
:.~~ 
< {'I 
~ 
;=,; 

BIBLIOGRAPHY ....................................................... 117 --.......... __ . 

APPENDIXES ................ . . ....... ................................ 125 
!\ppendix I: Fi xed and Random effect estimates for inferior i"ucl s ............ . 
!\ppendix 1. 1: Fixed elree t estimates I()r inferior fuel s ........ , ......... . ..... .. 

125 

. 125 
!\ppendix 1.2: Random elTect est imates for inferior fuel s ... .... .. .......... ...... 126 
!\ppendix 1.3: J-1aussmann test for inferior fuels ...... ........ ....................... 127 
!\ppendix 2: Fixed and Random effect est imates for advanced fue ls., .... ,., .. . 128 
Appendix 2.1: l'ixed effect estimates advanced fue ls ................... , ... .. ...... 128 
!\ppendix 2.2: Random effect estimates advanccd fue ls ............ . . .. 129 
!\ppendix 2.3: Ilallssm<lnn lc:Sl ad va nced i"ucls .. . 130 



Acknowledgement 

First of all praise and glo ry 10 my lord almighty God for his day and night long intimacy 

and gu idancc. What ever ha ppened is according to his perfect timing and nothing is in 

incidence. Then my deep heartily grat itude is accredited to my adviser. Dr. Mahmud 

Yesuf Il)r his thoroughly concrelC advice and constructive comments. Moreover. 1 \-\ould 

also li ke 10 thank those who in one way or another cOlllr ibuted to successful completion 

of thi s study. Especia ll y, my thank goes to Ato Liko Tolessa and Ato Challa Amdissa for 

their encouragement. friendl y advise and moral support throughout my study. 

Lastl y but not leas!. I am indebtcd to my Dad and Mom who arc always at my side and 

inspiring me in all aspects. 



LIST OF TABLES 

TABLE I. Descriptive statistics of variab les ..... .. .. . .. ... ......... . ......... .. 79 

TABLE 2. Expenditure or income elasticities of inferior 

and advanced fue ls . .......... ...... ......................... . .... .. ...... 87 

TABLE 3. Multinomial logit estimates of the choice of household 

between inferior, advanced and mi x of inferior and 

ad vanced fuel s ..... .. . ..... . ......... .. .. ...... .. .. .............. .. .. ............... .. 93 

--~. 

II 



ABSTRACT 

lhe paper ollempl.\· 10 eSlil11ale household enerKY demand (filel choice) using panel dala 
jiJr di/ferenl sources oj'energy consumpliol1. the study contributes to Ihe contemporary 
literalure 0 coherenl view oj'enerKY demand (filel choice) in rural setup. The result ol the 
jinding sllf!,f!,ests Ihal as hOllsehold's total expenditure rises . .fi./el option widens and .fi./el 
lIIix may chanf!,e. 7hey respond hy increasing the nllmher offi./els they use eThihiling.filel 
stacking (mlilliple jilel use) hehavior bllt lraditional/ inj'erior .lilels are rarely enlirely 
excluded .fimn huuseho!d enerKY mix. II also sllf!,f!,ests Ihat households do not simply 
substitute one jilel .liN' another due only 10 income or expendilure increases. ralher 
diversify Iheir jilel consumplion in a process olfilel slacking. To envisage Ih is issue 
deeply. Ihe sludy used economelric 1001 o/Ihe linear approximation olmosl ideal demand 
syslem (LAAIDS,) with normalized prices 10 compute expenditure elaslicilies and Ihe 
1I11111inol1liaiiogit model olhouseholdfilel choice hehavior. 

lhefi.lel Slacking (energy mix) model is hased on the/clcl that in any point in time. rural 
households use multiple sources of energy. Households make inlerjilel swilch and inter 

.file! substilulion in optimizing Iheir enerKY mix by adopling multiple filel use (fuel 
Slacking) slrateg)' in response to expendilure change: ralher than completely lransiling 10 
consumplion olnell' .lilels as Ihe energy ladder hypotheSis suggests. To prove this. Ive 
computed the expenditure or income elasticilies oj' demand /i)r inj'erior jilets and 
IIIlvanced/ilels. the resull o(lhe study. that demand is expendilw e elaslic ji)r advanced 
.filels and expenditure inelastic ji)r traditional/ inferior.file!s provides solid and consislent 
argul71enl/evidence to the economic literalure Ihal despile Ihe income conslrainls. 
households prefer Ihe normal good (advanced/ilels) 10 the Iradilional (inferiorfuels). 

I,'urthermo)'e, Ihe sllld)! used mullinomiallogil eslimale otlhe delerminal1ls o(household 
choice belween inkrio)'jill;ls. adl'onced lilels (/nd mix oj'lhe tll'l! luels 10 scntlini:e Ihe 

.11.11'1 .\·wcking (/I1 uliiple .file! use) hehavior of households in Ihe energy mix model. Our 
res/til indicales Ihal household 's IOral expenditure. Ihe .filct Ihol the household is female 
headed IOwl land owned by household (land holding size). lolal number of IiveSlOck 
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owned by household and JilnTil)' si:e sqllare as prediuor have posilive coel/icienls or 
parameler eslimale, this implies Ihal Ihe likelihood 0/ household 's choosing in/erial' 
Jilels or mix 0/ inferior and advanced/ilels (excepl/or lola! number 0/ lives lock owned) 
away/i-om advanced/ue!s increases wilh incre111enl in Ihese prediclors, However, jamily 
size, education 0/ household head. age 0/ household head. lime ,Ipenl on Jilel colleclion 
lind expendilure on advancedJilels I"n'e negCilil'e purllmeler eSlimales, this indicale,l' [/UII 

il is less likely Ilnll households choose in/i!riorfilel or mix o/'in/erior ami udvancedJileis 
compared 10 advanced Juel wilh increase in Ihese variables as prediclors, Our reSuil 
indicale,l' Ihalfuel stacking or mulliple/ileluse is a more applicahle hYPOlhesisjiJr rural 
households oj'Dhiopia Ihanlhe simplislic energy ladder hYPolhesis, 

/n rural areas, however, enelKY choice of household is conslrained by luck of access /{) 
commercial fuels, energy using eiju ipmenls and appliances, energy supply dependency 
and a/fordahililY as well as consumer prejerences and laSles, 'lhere/ore , rurul 
households have less pOlenliul[!Jr/ilel ,I' lvilching due 10 the a/oremenlionedjiJclOrs and 
Ihe exislence oj/ilel ,,'ood which is gCilhered wilhoul anyfinaneia! paymenl. 
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I. INTRODUCTION 

1.1 Background 

Pove rt y is a multiface ted and complicated chal lenge for most Ali-iean countries. In these 

countries population growth is shoot ing at an alarm ing rate: pu tting a great pressure on 

the natural envi ronment and ultimately on people 's life as they olkn depend directly on a 

wide range o f natural resources and ecosystem services fo r thei r li ve lihood. hea lth. and 

sense or empowerment [Bruce el ai , 2000., Arnold el al. 2003 ,2006]. 

With enormous rate of popu lation g ro,,~h. energ) dcmand per capi ta grcl\\s rap id ly. Thi,s 

creates a sc ri ous problem in countries like Ethiopia with population si/.e of about 80 

million. out 01 ' which about 85% is dwelling in rural areas with lillie or no access i() 
} , 

modern energy. The country is the second most populous in sub-Saharan next to Nige ri 'ih 

Access to adva nced fuels sue h as I.iquidilics Petroleum Gas (LPG) and electricity arc 

totall y lacking. Almost all ruel consumption of the rural poor is obtaineclmainly lI'om the 

trad itional biomass. This results in deforestation and di sruption or the ecosystem. 

This paper anal yzes household energy demand (fuel choice) in a fuel stack ing or mult iple 

ruel use contcxt for rural households of Ethiopia . It focuses exc lusive ly on energy use 

and household energy consump ti on pallern lo r household purposes (i.e. ItJr ligh ting. 

cooking. heati ng. etc). More specificall y, it aim s at est imati ng household cnergy demand 

using panel data for different sources of energy. Very few Studies ex ist on energy use 

optimi zation (rucl choice) and fuel stacking (multiple fuel usc) behavior of household of 
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Sub-Saharan African counlries. I iouseholds consumc a ponfolio of energies Imix of 

differen t energy sorts) ra ther than ascending from infe ri or fuels like fuel wood to mode rn 

encrgy sons, which lays in the sprite of Ihe energy ladder hypothesis. The issue of fuel 

slacking or mulli ple fuel use behav ior by household for rural Ethiopia is scrulinized in 

th is study using econometri c model of panel data . 

The econometr ic 1001 uscd l'o r thi s sludy is the almost idea l demand system (A ID S) of 

compul ing income or expenditure elasticiti es and the mult inomial log it modcl of 

houschold fuel choice dec ision. The paper estimates the income effect in an energy 

demand (fuel choice) system with household level panel data. It explores further the issue 

by providing a morc in -dcpth analys is of the wea lth or income effec ts of household 

energy consumption. I.'u rt he rm ore. it foc uscs on househo ld fu el usc palle rns and assesses 

the potential and the constraints l'o r wc llilre enhancement through po li cies to promote 

inter-fuel substit ution. Thc study gave special considerati on on the factors that guide 

households to opti mize thei r I'uel mi x by switc hi ng between the difre rent energy sources. 

1. 2 Statement of the problem 

The lack of adequale energy services in rural areas of developing countries has social and 

cconomic di mcnsions as we ll as se rious environmental and health effects. Energy in rural 

areas. fue l wood co llec ti on as we ll as it s usc has strong implication lor household labour 

allocation. Whcn the environmcnt is degraded l'orest recedes. So. spcndi ng more timc and 

cn'o n in coll ec ting fuel wood becomes a tiring and arduous acti vit y. Different studies 

conducted on na tu ral resou rce degradati on ha ve foc used on the impact of def'orestat ion on 
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household increasing time spcnt on fucl gathering [e.g. I-Ieltberge ct al. ,2000: [SMA P, 

2003). On the other hand. fuel wood collection has st rong implication for child labor 

where the problcm hurts the econom ic and social we lfare children in less de veloped 

countrie s. In this linc. Dasgupta (1995) argucd that Child ren arc signilicantly involvcd 

in collcc ting lire\\ood. so Ic)rcs t degradation ma) induce lower levels o/" sc hooling and 

chi ld health. Moreover. various empirica l works noted that cutting of trees. use of animal 

dung and agri cultu ral crop res idue for fuel and other purposes (bu ilding residential house, 

timber and so on). aggravate so il erosion. and thus affect agricultural produc ti vi ty 

ad versdy [I)anl"cman and Davidson, 1989: Duraiappah. 1998: Shibru. 1996: Sinkhanc. 

1995[. 

Furthermore. shortagc of energy supply can harm the environment. There is a strong 

trade-off bctween thc objective of tackling energy poverty and the objecti ve of improving 

the cnvironmental problems linkcd to encrgy conversi on and usc. Poor rural households 

usuall) have fClVcr energy options. That is households 1\ it h low level s o/" income 1\ ill be 

unable to afford cos tl y fuel s. In th is aspcct. Bhagavan and Kapckcz (1992) argued that 

rural cnergy crisis is rooted in poverty, under development and resultant eco logical 

destruct ion. Il urst and Barnet (1990) also stated that deforestation can ha ve scvcre 

envi ronmental implication because o /" catastrophic destruction o /" natural fores ts with 

consequent elwir0nmental dcca). l lencc. rural households haw less poten ti al ICJr fuel 

switching and energy transition. 

Th is ncxus between encrgy povcrty and environment is sensible to our intuit ion in case of 

Ethiopia. Most lura l households of Ethiopia have low and sporadic income. which 

inlluences their cho ice among dii"lcren t fuels. Unava ilability of bctter energl option itsdf 
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al so hampers household encrgy switch in rural I·:thiopia. The problem or supplying the 

rural poor with modern fuels thus appears daunting. I lowever. the main focus or thi s 

study rests up on the demand side of rura l household energy and how different energy 

typcs substitute each other or how households choose between different energies. 

Poor rural households spcnd much time on incomc generating acti vities to securc othcr 

necessities l'or their li ve lihood. Thus. they tend to reduce time allolled to energy search. 

sll' itch to traditi onal fuel altcrnatives. reducc Ici sure timc or switch to the relat ively casy 

to cook foods. Gut thi s reduces household nutrition status and accord ing to Kgaithi et aI. , 

(1997). Illel switching result s in 10 food switching. 

In the cx isting eellnom ic litcrature. though household cnergy demand (fuel choicc) might 

ari se intuitive enough. neither it s theoretical nor its cmpi ri ca l underpinnings have been 

deep l) cxp lored. Moreovc r. it is fair to say that in the Ile ld, the re arc controversies on 

ma ny important issues. For examp le. different conclusions have been reached about the 

1~lctors that drive inter fue l substitution and the income switching points at which of 

consumcrs ' transition to hi gher grade fucl s. There is also a debatc in the enLTg) literature 

about the impact of' energy prices on low-income rural cnergy consumers. and the 

eClicacy of dilTerent policies targeted at encourag ing inter- fuel subst itution. Part of the 

reason behind thi s lack or consensus is the fact that conclus ions in the literature have 

generally ari sen from ex trapolating the resu lt s rrom indi vidual studies of single city. 

vi llagc or region. or rew cities. villages. regions II 'or example. Alam et al.. I9X S: Barnes. 

1990: Dcwees. 1995: Foley. 1987: Leach. 1987: Masera et al .. 2000: Mages. 2006: 

Alcmu. 1999: Faye. 2002 1. In the Ilcld there are very few rigorous micro-econometri c 
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studies on the determinants of energy demand (fuel choice) at the micro household level. 

with a ICw recent excepti ons le.g. Cha udhuri and P I ~IIT. 2004: Foster and Rosen/.weig, 

20031. Moreove r. some of the determinan ts of house hold ene rgy demand (I'uel choice) 

appeared to ha ve ambiguous effect on fuel stacking behavior of households in di I'[erent 

literatures. 

To th is effect. household ene rgy demand (fuel choice) in I:thiopia was examined by a 

number ol'c mpirical studies ICI ·:SI:N, 19X6: !\smcrom. 1991: !\lcmu. 19l)() : Ilc reket ct ,. 
al., 200 I: I:aye. 2002 1. But. there are several shortcom ings in thi s stud ies that invite 

further sludies in orde r to enrich the literature. None of these studies provide energy mix 

model capturing all energy so rt s and some of them exhibited methodological problems. 

I:or instancc, CI ,S EN (1986) provides estimation or energy end-usc demand functi ons, 

thus the result cannot be used as direct policy inputs. !\smerom (199 I) results arc not 

• I: • • f ... 
~ . 

:'j: .oC • 41· .. ~ tI,., 
-

consistent and harmonious with the contemporary literature as it is based on the 

inhere ntly Ilawed estimation technique. Bereket et al. (200 I), Alemu ( \ 999) and ['aye 

(2002) are relative ly better in terms of coverage of the various types of energy sources 

and thc fun ctiona l forms used IClI' model specilicati on of cmpirical study. 11 0\\Clcr. the 

fo rmer 1\\ 0 stud ics Illcrekct et al .. 2001 : Alemu, 19991 used thc Tobit model whose 

reliability is highl y dependent on absence or heteroskedasti eity and non-no rmality, both 

or which arc almos t always ex istent. The later used cross-sec tional data, whic h sufrers 

from the li mitations of unobserved indi vidual heterogeneity: which thi s study tries to 

cO nlrol using panel data. Therelo re. the central locus of thi s study is to bridge the 

llbse rl'cd ga p by cx ploring the issues of multiple fuel usc (fue l stacki ng) 01' household and 

10 dctcrminc hOI.1 diiTercnt faclo rs interplay to gea r households lowards sllch behavior. 
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Estimat ion of energy demand (fuel choice) in the context of fuel stacking (multip le ['ucl 

usc) is nonexisten t for the country in general and rural households in particu lar. 

Moreove r. the use or panel data in estimati ng household energy demand in rura l I·: thiop ia 

is the lirst attempt. The advantage or the longi tudinal st ruc ture of the survey in this study 

is to control lor unobserved indiv idual heterogcneity using household random effects. 

This paper makes new contr ibution with respect to several important issues dea ling with 

estima tion of the household demand funct ion lo r all sorts or energy consumption. It 

provides an almost ideal but complete and I'ully-s pecilied energy demand system. 

including el'['eetively all household expenditure on all energy types. The contribution of 

this study is to prov ide a coherent view or rura l household energy demand (fuel choice) 

and energy transi tions (fue l switch). and the associated policy op ti ons lor inte rven ing in 

the rural energy SC lLlp. 

In general. the attempt of this study hinges on estab li shing causal relationship between 

micro-level consumption determin ing factors and energy demand (fuel choice) or 

household lo r ru ral Ethiopia in a fuel stack ing (multiple fuel use) contex t. No study used 

an almost ideal demand system (A IDS) and multinomi al logit model in estimat ing the 

energy demand (ruel choice) or rural households or J-:thillpia in the context oj' I·uel 

stack ing (mul ti ple ruel usc). 

The centra l questi ons that this paper engages arc: how changes in ladder variables play 

role in shaping demand conditions 01· ho usehold energy?; what are the dete rministic 

1~lcto rs or deri ving fo rce lor households to choose one 1(>rIll or energy to the other in the 
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ruel stacking process'). ho\\ households optimize their energy demand (rucl choice) in the 

energy mix model when income or expenditure changes? 

1.3 Objective of the study 

The principal objective or the study is to estimate ho usehold cnerg) demand (ruel choice) 

in the context of fuc l stack ing (m ulti ple fue l use). In thi s study, thc concepts or income 

response. the intcr ruel substitutability in thc energy mix model are used in estimating 

energy dc mand or household . In pa rti cular. it examines household 's energy demand 

response to their income progression. It speeiliea ll y foc uses on: 

r i-:stimating the ho usehold demand (cho ice) 1'01' dilTcrent sorts or cnergy. 

r Determining and assessi ng ro les of different facto rs that innuence household energy 

de mand (fu cl choice). 

r Computing the expendi ture elasticities of dilTerent energIes consumed by 

hmlseholds: and cxamining "hether demand is expenditurc clastic or inelastic and 

IVhether the rue ls arc inferio r or normal goods. 

1.4 Hypothesis of the study 

The study conducts a number of hypothes is tes ts. Some of the null hypotheses arc: 

• The demand or househo ld I()I' spccilie cnerg\ or energ ics on the same ,iuncture 01' 

thc energv ladder increases as ineomc or expendi ture of the fam il y increases 

(horizonta l energy/fue l divers i fi cation). 
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• Rise in income or household give ri sc to poss ibility of substi tuti ng more efficient 

(modern Cuel) IClI" the traditi onal or inle ri or Cucl (vertical energy/ fuel 

d i vcrsi liea! ion). 

1.5 Limitation and Significance of the study 

The study utilizes panel data co ll ectcd by Addis Ababa Uni ve rsity in collaboration with 

ccntcr for study of Ali-ican Economies_ Oxford University. It was co ll ected fe)r last timc 

in 2004. But the 2004 data is not made acccssible l'o r rc search use and this study uscdthe 

1994 and 2000 survcys. Therefore, it may fail to di sc lose the present situati on. Desp ite all 

the benc rit s of panel data, it suffe rs from limitations such as attrition and panel 

imbalances. To collect primary data it is ve ry cost ly and difficult to obtain sample from 

overa ll the countr\'. 

Almos t nOlle o t' the studies conducted on household energy demand explicitly deal t with 

the rural residents using panel data econometric model. This st ud y contri butes to the 

existing literature and lays an important benchmark for future researches to be conducted 

in thc subjcet area. It s distinction from thosc of pioneer studies is that it al1cmpts to use 

panel data and focu s on encrgy demand of rural households in the eon tcxt of fuel stacking 

(m ultipl e fuel use) behavior. Bhagavan and Kapekez (1992) noted that assessment of 

present energy !low and energy requirement of rural areas is needed to incorporate rural 

populati on in 10 over all nationa l ene rgy development and in order to identify strategies 

and opt ions. 

rhe li nding 01' the study is inl"<tiuable input lor policy intervention that is intended to 

reducc the health impact of indoor air pollution rcsult ing li'om use of inferior fuels and to 
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rehabi litate the natural environment and the resu lting eco logical decay. Policy 

interventions in the energy sec tor especially rura l household will encourage an effo rt of 

alleviating poverty. Therelore. despite all the limitations, the importancc of thi s study is 

bv no means ruled out. 

1.6 Methodology 

The aim of thi s paper is to model the relat ionship between energy demand (fuel choice) 

and thc under!) ing 111etors lor rural households of I:thiopia. In part icu lar. we investigate 

thc ro le or income/cxpendi ture as a major determini stic forcc lor energy transi ti on and or.' 

fue l stacki ng. 

I iousehoid fuel choice has often been conceptualized using the energy ladder model and. 

ruel stacking (multiple fue l usc) behav ior of households. Th is study places heavy 

emphasis on income or expendi ture in explaini ng fu el choice and fue l switching practices 

or households . 1·0 do this. lie adopt a simpic model llr economic behal ior ca ll ed the 

linear approximat ion almost idea l demand system (U\AIDS) and then show ho" energy 

demand lor each fue l types rc late to the var ious variables in the mode l. Wc then 

spee ilica ll y discuss the relati onship between expenditure and energy dem and in the 

economic model con tro lling lor other factors. The ladde r vari ables that arc used lo r 

estimat ion 01' household energy demand (fuel choiec) include: houschold tota l 

expendi ture. asse ts suc h as Land. livestock. and household characteristics likc fa mil y 

sil.c. education 01· house hold hcad, gende r of household head and tota l time spent on fuel 

co ll ection ... etc. 
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This paper aims dt estima ti ng e"penditure elastici ties or energy consumpti on using the 

standard demand concept. which includes income or tota l expendi ture factors as major 

explanatory var iable. The rramework of the linear approximation Almos t Idea l Demand 

System (LAAIDS) with normali zed price is used in th is study {or modeling the energy 

consumption in rural house hold of Ethiopia. 

The model is typically a kind 01" the agricultural household model. Th is is because in the 

model. households arc thought to deri ve income li'om sa le of agr icul tural produce. labor 

wage. non-labor (t ransfer) incomes and non- farm bus iness act ivities. More specifically. 

the model is applied to anal yze how changes in household income or ex penditure allect s 

househo ld energy demand (fuel choice) in a rue l stacking or mu ltiplc ruel s usc context. 

Thc non existence or monetized market lor rural energy (tradi ti ona l ruels) necessitates 

modeling 01' household labour time allocation between fuel wood and other tasks. Given 

the absence or markets for traditional fuels. and the importance of se lf-employment in 

these settings. household decision concerning labor suppl y. consumption and I'uel 

colkction arc made jointly. This study will make an attempt to model household labor 

allocation decision and its ef'lect on household energy demand. Then. est imate the 

shadow prices ol't raditiona lli nfer ior fuel s co ll ectable free or financial cost. 

The study segregates thc dirferen t household energies in to two: the traditional or inrcrior 

fuels (lI'hich in thi s study include ruel wood and charcoa l). modern or adva nced ruel 

sources (wh ich mainly include kc rosene. match. batteries and candle ). Then Li\A IDS 

model will be estimated separately lor each or thc two energy types. Ivloreover, {or 

empi rical investigation. the two panel data models. fixed effect and random effect 
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estimatcs arc conducted using pooled OI.S and GI.S estimations respcc ti vely. I-Iaussmann 

test is employed to make distinction and compari son be twcen the two parametcr 

eS llm ates . 

Us ing a mult i-stage budgeting app roach, the share of energy in total household 

expend iture and the share of inferior fuel and advanced fuel in the total energy 

ex penditure o r ru ral households arc es timated. !'inally. the multinomial logit model is 

used tll model the ruel choice deci sion or household among the aroremen tioned energy 

categor ies and mix o f' traditional and advanced fuels as a third alternati ve to examine the 

ruel stacking (mu ltiple fuel use) behavior of households. Moreover, us ing the model 

resu lts the study carries out si mulations to show how the policy interven ti on handles to 

rcduce the dema 'lci ICl r lirewood and to mitigate environmental degradation. Demand 

equations fCl r inferior I'ue l and advanced r'uel types are econometr ica lly es timated and the 

elast ici ti es arc used to examine the income effects. 

1. 7 Organization of the study 

The remaining part of the study is organ ized as Ii.) II 0\-\'5. The immediate up com ing 

chapter provides a lite rature review where theoreti cal as we ll as em pirica l works are 

prec ise ly presented. Thc third chapter discusses mcthodology and mode l spec ilication 

issues . Il erc, economct ri c model for energy demand of household is devel oped. The forth 

chapter briefly discusses the em pirical mode ls emp loyed 1'01' the study, Chapter li ve 

presents data desc ript ion and the result s or li ndings. Finally, the study is winded up by 

drawing conclus ion and recom mendation 1'0 1' po li cy implicati on in thc sixt h chapter. 
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2. LITERATURE REVIEW 

2.1. Theoretical Survey 

2.1.1. Gcnera l overvicw of Encl'gy consumption of the world 

I, conomie devel opment and energy demand interac t and co-evolve together over time. 

There is grea t di spari ty between energy demands across countries. This gap is widening 

rather than narrowing. Chi pman (1999) observed that di sparities in household energy usc 

ex ist between ru ral and urban populati ons. betwecn hi gh and 10\, income groups within a 

country. and among countries. Deve loped and developing countries shared similarity in 

that i"or both i"uel woods played a dominant role until the mid 19 century. But with 

economi c develoJlment. the fOrlner shifted to more efficient and conveni ent sources of 

energies such as electricit y. I.PG. 

Thi s created huge gap as the ri cher is continuing to usc more and more adva nced energy 

,,,hile the poor is stacked at consuming inefficient fuel as source of cnergy. A body of 

li terature has been written on thi s issue. For example, a recent wo rk by Douglas et al. 

(2007) supported thi s aspect arguing that the poorer hal f of the world 's people have long 

reli ed i"o r their cnerg) needs on " ood i"ucl s. I:uel wood has there i"o re remained I'i tal part 

o i" lill: in many developi ng countries [Arnold et al.. 2003 1. A study on trends in 

consumption and production of household energy by Chipman (1999) also showed that 

since el il price shoc ks of the 1970s. pressure on i"o res t resources has increased and the 

cos ts u i" traditi onal usc el i" fuel wood ha ve been growing-to the householder. in cash or 
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collection time. and to society in inel'lieient energy usc. dcli.lresta tion. and local and 

global harm to hea lth and the environment. 

Simi lar observation by [ cholm et al. ( 1984) sta ted that while the richer ha ll' of human 

kind ponders the vagaries or oil price and thc dilem mas or nuclear power. the p<)or ha ll ' 

still rely on the most ineflicien l ruel. To meet the basic energy need s (ll' pOllr rural 

households become scarce: and hundreds 01' mil li ons o r third world res idents race crisis 

or their own. Hy add ing to the drudgery and expense or da ily surv iva l, the energy cri sis 

rurther deg rades the we ll bei ng of the already desperately poor. 

I:cholm et al. (In4) also argued that unti l thc 1970, the rucl \\ood crisis \\as largcl' 

igllllred by thc third world governments and il1lcrnational aid agcney alike, 1I (l,,·c,cr, 

1l10rc recent ly, lire wood scarcity has become major topic of concern, Same study 

indicated that in these countries heavy reliance on wood fo r energy is or course. nothing 

new, /\s recently as 1850. the US used wood 1'01' 90% or its ruel. The same line o r 

reasoning indicated that lire \\ood scarc ity and resuiting hardship lin the poor is not a 

new thing, iCuropcan countries also experienced acute shortage or ruel wood, These 1~,Cl S 

according I;ehol m et al. ( 1984) in an indirect way may have had cpoc hal histori ca l 

sign i licancc . 

On the ot her hand at micro counterpart level a huge gap re mains bctween household 

energy usc in dcvcl oped and de vc loping countries, /\\'crage per capita household encrgy 

usc in dcvcl opcd count ries is about nine times higher than in deve loping countries. and in 

developing coul1lries a large share or household energy is non-commercial fuel s 

IChipman, 19991 . The dilTcrenec in per capita energy consumpt ion is also inevitable 

13 



with in a particular country between the re lative ly rich household and thc poor. With 

rL'iatil ell' littl e pain the better olT can purchase 1,1 hat lI'ood tiKI need, obtain it I'rom their 

Cl lln la nd or Sll iteh to al ternative I'uel s, Something scldom changed, As in thc Marx's 

time, today's firewood cr isis reflects the dispari ti es in income and power be tween rich 

and poor 1 Echolm et a I. , 19841, 

Furthermore, Eeholm et al. (1984) also indica ted that techno logical change and economic 

development in advanccd count ries or the wor ld like UK and Lurope could so lve the rue l 

Hood problem by perm itt ing large scale sh ili to new I'uels, In con tras t, in the th ird wo rl d 

countries houschold fue l wood crisis is re inrorced by poverty and technologica l 

backwardness , In add it ion, in these countries unaided market force will not re li eve thc 

rue l wood problem soon cnough to avert wide spread human surti:r ings and ecological 

disruption, f'hus market lor rural energ) demand is di sto rted and cannot rclkct thc true 

demand fu r energy. Mo reover. in Sub-Saharan Ali'jean countri es huge popu lati on growth, 

meager income or househo ld and the high cost or alternative rue ls providc no hope that 

the demand ror ruelwood wi ll sh rink dramaticall y, 

Thus households in the ru ral areas or de ve lo ping countrics will "ICC aeutc shortage ol' l'uel 

wood anc! be able to cook their food only at the tragic costs lo r themselves and the 

environment. In addition ror huge number or people, fuel wood wi ll be increasingly 

scarce and ex pensive, Thi s problem will be exacerbated by litt le efro rt by households to 

diversify their ruel choice or energy demand in to alternative fuels that can relieve the 

deepening crisis, In line II ith this argument. Kga ithi, et al. (I ')97) I()(md that ruel 

SH itching is one or the strategies which household resort to in a situation of fuel wood 

scarcity, 
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Saddayoa (1985) noted that the demand for traditional fuel s is heaviest in the ru ral areas 

and it is dominated by household usc. Poverty and lack or human capital ha ve len large 

segment or the population particularly the rural poor \I ith no other recourse than 

extracting thcir li\ elihoods rrom the natural resource base around them. Thus poverty 

remains the driving Ic) rce beh ind environmental degrada tion and ecological imbalances. 

Delorestation is an important issue in the discussion of I'uel consumption or rural 

households. Various litcratures fc)cused on this malleI'. I:irewood gathered I'rom commons 

rorcst is the major sourcc or domestic cnergy in rural areas or many poor countries 

[Cecelski. Dunkerley and Ramsay. 1979: I-Ieltberg et al .. 2000J. Demand for I'uel wood 

by subsistence agricultural househo lds may be the leading cause of world deforestation 

lAmaeher ct al.. 1993; 1996]. In rccent dccades. deforestation has comc to be percci ved 

as a global problem. because ol' the perception that thc ea rt h's resources arc reaching thc 

limits I()r supporting the \lmld 's popula tion and economic systems [Schmink. 1994[. I'he 

receml) grcl\\ ing empir ical literature on lirewood consumption and forest degradation 

roc used mostly on India. Nepal. and china [Adhikari el al.. 2004, Amacher el aI., 1993. 

1996: Ilcltberg el al .. 2000: Chen el al.. 2006[ and curiously. to our knowledge . on ly two 

paper dea lt with this iss ue in a rural region or J:thiopia [A1cmu .1999: Mogcs. 2006[. 

2.1.2 General Overview of energy consumption In Ethiopia 

The energy sector of' I:t hi opia is one of the least developed in the world despite the 

presence of an cnormous energy resource endowment. This is reOected by the low per 

capitH energy consumption u J" households. ].' urthcrlllorc. IlL'a\': rdiancc l)11 traditional 

energ) or ru ral households o r Lthiopian has bcen lac used by a number or studies. For 
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example. Jargstorl' (2004) stated that Ethiopia is the third largest use r in the world of 

traditional fue ls lor house hold cnergy use, with 96% of the popu lation dependent on 

traditional biomass (e.g., fuel wood and dung) to meet their energy needs. This is in 

comparison to 90% for Sub-Saharan Africa and approximately 60% for the Afi'i ean 

con tinent. The excessive (lcl(lresta tilln . which led to the depicti on or tree stock. caused 

what is known as the household energy crisis in Ethi opia. For the grea t majority o r the 

popula tion wood and other biomass fuel s are the only source of energy whi ch has 

negati ve environm cntal. ecologica l. and econom ic as well as health impacts on the life o r 

the rura I poor. 

The cos t or firewood increased. thus . challenging the already stagger ing li vi ng condition 

in the cconomy. Th is crisis led to consumption shift towards animal dung and crop 

residue as household fuels. These fue ls are usually collccted fi'cely from farms. Hence, 

agri cultural and crop residues ha ve become important sourcc of fuel for the rural mass. as 

ruel w",xl is becoming scarce . In this aspect. World Ilank (1984) note, that althllLlgh 

there is strong cultura l prelCrencc in Ethiopia to usc lire wood and charcoal for cook ing, 

this preference had been affected by the scarcity of wood and hence , people started using 

dung and crop residue whi ch accounted for over half of the total households' energy usc. 

Increased burning of dung and crop residue. however. depri ves the soil of important 

nutrients and hence reduces so il li:rtility. Thi s adve rse ly affect s the agricultural sector 

which is the mainstay or the economy. and result in repercuss ion health problem and 

ecological imbalances. 
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Similar observat ion by Bhagavan and Kapekez (1999 ). on page 83 table 6.6. gives rural 

household energ) usc paltern of I·:thi opia which is composed mai nl y of traditional fuels 

(98%). In addition. under the execu ti ve sum mary o f repo rt organ ized by Sand T 

profess ional association (2002) on energy in Ethiopia; status, chal lenges and prospec ts; 

no ted that overal l energy profil e 0 [' Ethiopia is charac teri zed by heavy depe ndence on 

biomass with limited IClrln of modern energy and general ly low level of per capita energy 

consumption. Thc same summary also notes that in I:t hi opia 96% of energy suppl) is 

from trad itional energy, whi ch is biomass and such consumption palte rn created 

unba lanced ecosys tem. It also Slated that household is the major consumer of energy and 

almost el1l ire energy demand of the sub sector is met from biomass sources and the ever 

increasing need existing lor biomass energ) is among the liletors that constitute top 

ca uses or degradation. These stud ies and other complementary literatures sugges t that 

f: thiopian households arc stacked at consuming low grade energy types with all its 

repercussion ellee ts. 

2. 1.3. Hou sehold economic frame work and energy demand (fuel choice) 

I':eonomics has traditionallv taken the household to be the atomic unit of,)bsenation. So 

analysis or the consumpt ion behav ior and exam inati on of decision-making within 

househo ld un it requ ires its own li eld of inquiry. The household or ag ri cultural sec tor is 

the predominant rural energy consume r. ll ousehold energy demand and energy choice in 

the past has onen been understood th rough the lens or energy ladder. 

I:nergy usc of rural househo ld is described by using economic li·amework. i\ study 

conducted by "SMAP (2003) argued in this line that the ho usehold economics 

I'ramework clarilies tha t, in addition to income and market prices. the opportuniry costs of 
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lirewood col lcct ion also need to be takcn in to account in shap ing demand for al l fuel s. 

The oppo rtunit y costs to household of firewood col lecti on arc dctcrmined by factors such 

as houschold wealth . la bor. and ava ilability of wood rcsources . 

Fuel di ve rsilication and inter-fuel substitution can help to di scourage the use o i" 

traditiona l i"ue ls and to optimize fue l mix (choice) in the energy portfoli o . Since fuel 

\vood is uscd mainly at household Ic ve l. modeling household demand behav ior IS a 

critical issue. A study by lEA (2005) argued that the maj or goal of fue l di ve rsification is 

to reduce dependence on traditional I'uel and switch to modcrn i"uel throu gh increased I'uci 

ertic icncy. as an alte rnati ve or complem entary in end usc. It is also notee! that cncrgy 

c rti ciency improve ments enhance both energy security and environmental protection. In 

add ition to energy sec urit y .. environmental issues may provide a large part of impetus for 

in trod uction of alternati vc fuel s in the rural household. I' uel choices thcrclore nced to bc 

understood in terms or relati ve ho useho ld re source sc arcilies. 

The household econom ics li'amework al so makes it clear that it may be pcrfectly rational 

lo r households to use a portlo lio of di fferent energy sources (energy mi x) at any poi nt in 

time. This is often fac ilitated through poli cies to promote inter- fuel subs tit ution and use 

oi" improve ci stoves. Most papcrs that compare li rewood consump ti oll with other ellergy 

sources emphasil.e th~ subs ti tuti on pattcrns bctw~en I'uel wood and lower subst itutes, 

such as animal dung or crop residues. Although the use or suc h substitutes may be less 

dct rimental to rorests. there is a trade-o i"r between using them as agric ultura l inputs and 

burning thcm for i"ucl [Heltberg et al.. 2000j . 
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Iiouschoid I'uels arc deli ned as energy sourccs used ror domcstic cooking. space hcating. 

and lighting and exc lude ruels used lor transportat ion or commercial purposes. However. 

bulk or the energy consumption in the household is directed towards cook ing. The 

tradi ti onal view on rue l switc hing in the househo ld sector or developing countries has 

been that households gradually ascend energy ladder and that there is a si mple linear 

::;':::::i::,,:'"::,:::::::::,. i:::,~::::,.':::, ::':'::~:~"::':':::':::'::::::~:':i':::: 'I '~I. '. ; II .each. J 992: 1991 and Redd y, J 994J. However, recent literatures on household cnergy : r J: 
usc in developing countries show that the energy ladder thcory is too simplistic and that ..c. · .... -: ",. 
there arc many other !>Ictors other than income that determine ruel choice l) I' household • , 'j 
I Davis. J 998 and Vlasera ct al.. 20001. 

The study by I-Iosier and Dowd (1987) tests the energy ladder hypot hesis empirically lor 

household ruel choice in 7 imhabwe using a multinomial logit model and also shows that 

although economic 1 ~lctors do arrect I'uel choice. a large number or othe r lilctors are also 

important in determ ining household ruel choice. In add ition, much or the litcrature bears 

out that ruc l swi tching is ort en not complete and it is a gradual process with many 

households often using multiple rucl s. The reasons for multiple fue l usc are varied and 

not dependent merely on economic factors. alt hough the affordabi lity or cost of the 

~n~rg) service also has an important bearing on the hOllscholcfs choice . 

Iiouseho id sec tor is thc major consumer or rural energy. In rural areas . energy choices or 

households arc constrained by lack or acccss to morc com mercial rucls and markets ror 

~ nerg) using cquipmcnts and appl ianccs. Often. the choicc of fuel is determined morc b) 
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local availabil it \' . transaction and opportunity cos ts involvcd in ga thcring thc rucl (mostl y 

wood. dung and ot her bio I'ucls) rathcr than by houschold budge t constrai nt s. prices and 

cos ts. In con trast to rural houscholds, urban houscholds ha ve a widcr choicc and greatcr 

acccssibi lity to modcrn commerc ial fucl s, electrieity, and encrgy end-use equipmcnt and 

appl ianees, Thcrefore. thcy ha vc grcatcr potcnt ial innucncc on ruel switching I,:SMAI' 

(2003 ) 

2.1.4. Factors affecting energy demand of household (fuel choice) 

No houschold wa nts energy for itself, It is necded lo r the purposc that it can do, 

Approaching development impacts li'om a demand side perspccti ve. one wants to keep in 

mind. howe\er. tha t what is specilically in demand is not ruels or acccss to cncrg) 

sources. It is rathcr thc services that thc encrgy may provide, such as light ing. cooki ng, 

spacc hcating, or pumped watc r [Mulcguetla, Dunnet , Khennas, and Rai , 2006]. 'rhi s 

mcans that it is a "dcri ved dcmand ", In thi s light. it is im portant to assess the ractors that 

inlluence cnergy dcmand or household, especially in tcrm s or dcmand managemcnt and 

end-usc considcrations. 

In thc houschold sector. thc kcy dctcrminants of cncrgy demand or rucl choicc arc: (a) the 

rclat ive pricc of thc cnergy form and the appliance , (b) the di sposable incomc of the 

houschold , (c) the availability of' thc alternative fucls and related app liancc(s) in the 

market. (d) part icula r rcquircmcnts rclatcd to eac h energy cnd-usc. and (e) cultural 

prcJ'erences and the likc, 
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In addition. hou,ehold fuel consumption general ly [o llows the "energy ladder"; the 

household moves from consuming less cost ly and less convenient [ue ls (wood, other 

biomass) to energy or intermedia te price and qualit) (charcoal. kerosene ) til more 

expcnsi ve. highl ) conven ien t types or energy (IYC). electric ity), as their incomes ri se 

and/or habits change over tim e. For example, World Bank (1993) poi nt out that sharp 

increase in conventional energy prices and the need to de ve lop substitutes for fuel wood 

have aroused considerabl e interests in renewable energy resources in de ve loping 

countri es. 

13hagavan and Kapekez ( 1992) found the foll owing factors as reasons lor variati on or 

hOLisehold cnergy consumption overtime: 

• Fuel availability is innuenced by seasonal variation (for exam ple, during rainy 

SeaSlll1 it is diJ"licult to obtain ruel wood). 

• Temperature va riation alTects amount of I'uel consumed by household: since space 

heating may be required du ring cold day. 

• Seasonal dietary change and festi val that req UIre more cook ing may take place 

du ring ce rtain pe riod of the yea r. 

An import ant consequence or the dynamics 01' the energy ladder is the shin in ruels used 

by rural household (and thei r re lated env ironm ental prob lems) notably recogni zed in 

rceent years. The consumption of energy and appliances by households, and the service 

industry has changed signifi cant ly. Growth in household incomcs and urbaniza tion has 

been accLl mpanieci bl' a change in the I'uel mix to energIes that can be llsed more 
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efliciently. As incomes and urbani/.ation contin ue, the share or traditional ruels used in 

cities will dimini sh while sha re or modern fue l consum ption wil l increase . 

Chipman (1999) identified the key determinants or energy demand in the household 

sector. These include: prices or ruels and appliances: disposable incomc 01" houscholds: 

ava ilability ot' ruels and appliances: partic ular requircments related to cach: and cul tural 

preferences. With inc reasing disposab le income and changes in lifestyles. households 

tcnd to move rrom the cheapest and least eonven icnt fuels (b iomass) to more convenient 

and norma ll y more expensivc ones. 

According to Chipman (1999). there is a strong positive relationship bet"ecn growth in 

per capita income and growth in household demand lor com mcrcial fuels. Iiousehoid 

energy transitions arc onen discussed in the litcrature as smoothly sequenced evolution 

rro m firewood, to charcoal and kerosene , and ultimately to LPG and elec tricity 

consumption. llut according to Douglas. L. (2007). thc conversc is tnle. l'he energy 

transitions arc in I~l ct quite varied. in term s or the timing or the transition period. and the 

transition fue ls consumed. In urban households of most deve loping count ries, demand for 

commercial ruel s has risen more rapidly than per cap ita incomes sincc 1970. This reflects 

the increasing desirc lor eoml()rt and discretionary energy consumption Douglas. J, . 

(2007). 

Energ) demand in rura l houschold se t up is quit dirferent from that of urban because or 

the existcnce or fuel wood which is gat hered without any financial payment. Barnell 

(2000) underlined th is point and made dist inction between different forms of energy 

types in hi s statement: 
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Clearly all/llOdernlilel.\' and sOllie lradilionaililels are lraded (lI'oodlilel is increasingly 

Iraded Ii))' llIon<')'. and charcoal is 011110.1'1 alll'o)'s lrailed) and ure Ihere/ill'e knOlI'l7 us 

"callllllercial .lilels" 10 dislinguish Ihelll FOIII "Ilon-collllllercial jilels ", While non 

CII/Illue!'ciaijileis are nol I)'[nled for cash, Ihey are nOI 'Ji'ee P, 7'l7is is because non-

cO/l/luercial lilels uSllally require considerable expendilUre oj'lime jor Iheir colleclion 

and processing (and Ihis time can have a high opportunity cos I in lerl1lS o(other Ihings 

Ihal Ihe collecilln 1I,I'IIalil ' II 'Ollleu and childrel/ could he doin,~, il/cludiug going 10 

school, iF Ihey lI 'ere nOI collecting jlle/) , In addilion. bOlh non-colllmerciol and 

cOl1llllercialjllels 1110), inclII' COSI,,' (alien called "externalilies ") on society that is nol 

necessarily rellecled in their price (.\'IIch as enl'ironlll enial damage) , SOl1le jim})s of' 

ellerg." frolll "Irwiilionol hiollloss " wn he conl'erleil il7lo llIore use(ilijimus ({lid are Ihen 

knoll'n as "({{odem hio/lwss (ilels" (jill' il7.\'IOnCe hio/lwss can he cOl1\'erled il7/{) 1i<llIid or 

gaslilels). 

I:or households to switch to alternative fuels: avai labi lity of the fuel is a constraint. 

Access to elec tricity has ofte n been lound to be another important determinant or the 

energy transitinn [Campbdl et at.. 20D3: Davi s. 199X: Oucdraogn, 200(,[, Ilo"eler. 

hnuseholds in the rural area have no priv il eged to get e lectri city, Rather. they opt imize 

thei r energy demand (fuel cho ice) which is most ly inle ri m' form, 

2, 1.5. The Ene rgy Ladder Hypothesis and fu e l stacking by house holds 

The general pallern of fuel usc for cooking in devel oping co untri es dictates that with 

im:reas ing incomc people move up the energy ladcler li'om firewood to charcoal or 

kerosene and then to I.PG . natural gas. or electricity, Analysts use a simple model , the 
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'energy ladder' 1 Leach and Mearns. 1988: Leach. 1992: Masera et aI. , 2000 1. to describe a 

hierarchv 01" household energy options characterized by attributes such as cost. energy 

el·li e iency. cleanness. and convenience. The energy ladder model has been ShOll n to be 

strong in its cmphas is on the role or income in determining I"uel choices. The energy 

laclder states that households switch their I"uel use I"rom biomass to modern energy 

sources as a count ry develops and incomes increase. implying that fire wood is an inferior 

good IArnold ef al., 2006]. 

II00vcI cr. in rur:d arcas inlCrior I"uels such as lirellood. du ng and crop rcsidue which are 

relatively dirti er and less convenient to use are available lor li'ee or at least cost. Thus, 

ru ral households havc little incentive to shin to advanced energy forms. Even though the , 
~, 

relatively ri chcr house holds do so. they will not entirely give up lhe biomass fuel. But. ' 

r:""' . ... 

i ~ .. "' 
I f;; .. , 
I <. 

! ;;.t;"i 
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Kammen & Lew (2005) showcd lhal fuel wood. IIhich is ncar the bottom of the cook ing 

cnergy ladde r. due 10 inconvenicnce and smoke emiss ion, is not necessari ly the cheapest 

or cnergy options. Cleaner and more convenient fuels tend to transfer heat more 

el'lic ienlly. are easily controlled over a range of heat output s. and are much costl ier. They 

may requi re large lump paymcnts for the fuel as with LPG, or large up-front expenditure 

Iclt" the stOl'e, as II ilh gas and electric cookers. 

iVlunasghc and Meier (1993) conceptualized the energy ladde r hypothes is where they put 

array 01' the different energy sources in terms of increasing efficiency wh ich they called a 

typ ical " .l lIbslillll i oll lodder' '. At thc bottom of the ladder they identi lied low quality 

biomass I"uel such as dung and crop residual s. This is I(l iioll ed as household s move up 

the ladder by high quality ruc l such as lIood and charcoal: Keros~nc: LPG and linally 
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natural gas and electricity, respectively in that orde r. The core issue in this regard lor 

policy makers is the threshold level of income at whic h transitions occ ur, This 

replacement of "/mc/ilionai sO llrces" of energy with "col1l1l1ercialisecr' I'uel s of increasing 

erlie ieney is knm,ln as "Ihe energy Irunsiliow' lllarnet t. 20001 

Si milarly, as cited in ESMA!' (2003), Leach ( 1992) envis ions the energy ladder model at 

three-stage fue l switching process, The lirst stage is marked by uni ve rsal reli ance on 

biomass, In the second stage, households move to "Iransilion" or intermediate fuels such 

as kerosene, coal. and charcoal in response to higher incomes and factors such as 

dclc)rcstation and urbani/,ation , In thc third phasc, houscholds Sll itch to I I'(i and 

cleet ri cit) once their ineomc is su fiici cnt. 

Problems with the energy ladder mode l arise from the simplilied way that the model is 

applied to policy-making and the mistaken conclusion that rue l cho ice is determined by 

purel) economic lactors, I lowcl'er. as in the mOl'emcnt on a ladder. it appears to imply 

that a move up to a nel-\ I'ucl is simultaneously a move away I'rom prel'iously uscd I'uels 

Illeltbcrg, :?0051 , Moreover. ESMA r (2000) and Foley ( 1995) suggest the idea of the 

cnergy de mand ladder, where it is argued that as income ri ses household's demand for 

fu el wil l be guided by the nature of appliances used and that fuel choice/demand depends 

on the purpose, An increase in household income II ill not neecssarih be spent on 

cooking St(lVCS or fuel. Complete and exclusive switching, where one fuel total ly 

substituted for another is rare, It must be noted, however, that the tra nsi ti on may not be 

neat in the sense that at higher income, households may tend to usc one or more of a 

particular traditi onal energy sou rce together with the modern energy sources, The rcaso n 



may be due to non- replaceablc use of somc of thcse energy sources and cu ltural 

prelcrences. This Illay cause a household to retain a particular fuel/stove combinat ion to 

cook certain loods or to use on special occas ions. 

h , idences li'OIn a gro\I ing numbcr 01' coun tri es suggests that modc rn fuel adoption ortcn 

resu lt s in mUltiple fucl usc. whcre househo lds consume a portfo lio of cnergy sources at 

di rleren t poin ts o rthe energy ladder Isee for example Barnes and Qian , 1992: Hosier and 

Kipondya. 1993 : Davis. 1998 J. Ease of access and consistent availabi lity of fuels are 

important factors that de term ine the ex tent and/or pennanenee of fue l switchi ng in any 

household. Curren tl y emcrging literatures argucd that households in devclllPing clllilltries 

do not switch to modcrn energy sources. but instead tend to consume a combinati on or 

fuels. Th is phenomenon has becn term cd fuel stack ing IMasera et aI. , 2000; I-Iel tberg. 

20051· 

MmcO\·cr. comlllon observation indicates that household 's energy demand (fuel choice) 

is end usc spec ilic undcr ecrta in circumstances. For example, lor rural households 

kerosenc is main ly used for Ii ghtcning while animal and plant res id ues largely used for 

baki ng bread. Th is rac t gives ri se to households reta ining certain proportion of di ffe rent 

kinds o f energy in their ene rgy mix (energy po rt fo lio). Supporti ng argumen t was given by 

Harncll (2000) in his stud) indicating thc energ\ trans ition is al so driwn h) the fact that 

each end use needs to be matc hed by a particular energy source. Energy end uses range 

li'om subs istence needs like cook ing, spaee heating, and lighting to income generating 

activi ties and entcrtainment. I loweve r. the relative importancc of fuel stacki ng (mult iple 
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IllCl usc) and ruel switching has not becn well established In the literature Ill eltberg. 

~()051 

The mix of sources and quantity of energy that househo lds use can change depend ing on 

domestic and international ruel markcts, nuctuating household incomcs. and seasonal 

condilions thai alfect labor markcts and ruel ,l\ai lability. II gi\ 'cs Ihc ratiunal ror the 

argumenl thai households will not make complete transil illn I'rom cxclusi\ e use or onc 

form or cnergy to exclusive use or another. In Ih is aspect, LSMA P (2003) noted that fuel 

interrelationships take two (arms. On the one hand. individ ual cook ing fue ls compete in 

pl'lee, eonve l1l ence, and othe r parameters. Furthe rmore, fue ls arc oftcn consumed in 

conjunc ti on. 

I'<)or rural houschulds ulien rei) on a mix or traditional IlieiS such as animal dung and 

crop res idues. and fuel wood and to very minimal extent on commercial energy sourccs, 

including. kerosene. liquclieci petroleum gas (LPG) and electricity. Thcy usually have 

ICwer ene rgy options. [SMA!' (2003) in Ihe study or househo ld fuel usc and ruel 

swilching in (]ualcm ala obse]'\ 'ed Ihal as incomes grow peopk start to demand more 

diversilied energy sources. This is because they can an'ord 10 purchase varie li es or 

appliances each or which requires a specific energy source. 

In eonlrast. households in rural areas arc supposed 10 need onl y wood l'o r bas ic cook ing. 

Although uncioubledly true. the finding ur widesprcad usc 01' mu ltiple I'uels lor couking 

suggesls ge nuine ruel stacking j()r a gi\cn purpose Iscc al so Da vis . 19<)~1. The higher 

cos t 01'. and lack 01' aeccss 10 comme rcial Corms or energy. and the lower income 

charactcristic 01' rural populations compel them 10 rely more heavily on traditional ruel s. 
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and limit the di \c rsity of poss iblc end-uses. According to World Bank (1993). shortage of 

energy is a factor lor households to account lor small proportion of the total commcrcial 

clll:rgy used in dc\cloping countries. 

The energy ladder is a commonly used concept in models of domestic fue l ehoiccs in 

poor countr ies IAlam, Sathaye and Barnes. 1998: Campbell et aI., 2003: Davis, 1998: 

Il os ier and Dowd. 1987: I.each. 1992 1. The principal notion undcrlying thi s concept is 

that houselmlds litee a range of energy supply choices. \\'hich can be ordered li'om kast to 

most tcchnolog ical ly sophi sticated. A transit ion from biomass fuels to more sophisti catcd 

alternatives occurs as part of the process of economic growth [Macht , Axinn and 

CJhim irc , 20071 

More nuanced IlJnmrlations of encrgy transition theory suggest that thc sce nario of 

households s\\ itching I'rom c,c lusi\ c use of one type of I'uel 10 c.\clusil c usc 01' ano thcr is 

ove rl y si mpli sti c. For cxample. Barnes and Floor ( 1999) argued that thc si mple energy 

ladder mode l is sometimes extended with more elaborate intermediate steps. More 

accu ratcly. steps on the energy ladder inc ludc households using various combinati ons of 

fuel s. Although the use of biomass fuels may gradual ly decline li'om exclus ive use by 

many households towards less usc by ICwer households. the use of biomass I'uels may not 

bc entirely abandoned as households el imb the energy ladder 1 Campbell et a l.. 2003; 

I los ier and Dowd 19871. Moreove r. in hi s analysis of multiple fue l use patterns in South 

Ali·iea. Dav is ( 1998) noted that changes in fuel choice were not a smooth transition from 

biomass to commercial fuel s. but a continua l switching betwcen different e(\mhinations. 

I k Illlrnd that \\ hile high-incomc houscholds \\crc morc li~eI\ to rcll onll on ckclricil). 
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low-income households were more likely to rely on lour or more fuels e,'en if they were 

eleetrilied, Therefore. it is important to include non-wood fuels in households' fuel 

select ion, The literat ure makes clear that observed patterns of energy production and 

util ization re!leet a great deal of subt le optimizing behavior, given the const raints faced 

bv the eeonom ic ac tors Illarnes and 1:loor. 19961, 

I:rom the energy ladder hypothesis, we may inkr that shocks to the price of certai n type 

of energy may result in to bidirectional move of different households along the ladder, 

The richer households are likely to increase thc proportion of advanced energy in their 

energy mix while the rel ative ly poor go down to cons umption of inlcrior types, I:or 

example. the increase in price of fuel wood either in cash or in term s 01' time required to 

col lect fuel wood may encourage the richer to substitute Kerosene or any other advanced 

fuel. while the poor increase consumption of animal dung and crop residue which are 

perceived to be infe rior to fuel wood , A study by Toman and Jemelkova (2003) found in 

this aspect that. changes in relati ve opportunity costs as well as inc llmc can mO\'e 

households and other energy users up and down the ladder lo r diffe rent energy-related 

services. 

Howcver. in rural arcas. the decision of household to switch from one lorm of energy to 

the other is vcr) complicated, There appears to he no clear order of prelCrenee and 

progression in terms 01' the switc hing and substitution behavior of households in their 

choice of cooking fuel. Studies that have been done on the determinants of fuel 

transitions have linked factors such as incom e. access to electricity, and forest scarcity to 

fuel substitution l Alam . Sathaye and Barnes, 1998; Campbe ll et al..2003 ; Davis. 1998; 
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Il cltberg et al.. 2000: Madubansi and Shackleton. 2007: Ouedraogo. 20061. Although 

therc have been 1(:\\ studies o f changi ng household fue l choices. evidcnce of the energy 

transition is moun ting [Macht. Wi ll iam and Ghimi re. 2007J. 

I lowever. in the contex t of rural households, Madubansi and Shack leton (2007) noted 

that the introd ucti on of eicctrieity into a rural reg ion of South AI'rica had litt le impact on 

fuel lIood consumption. Other liletors associated \\' ith reduced cons umption of I'uel lIood 

and instead use o f a ltcrnati vc fuels arc forcst scarcity and incrcascd fuel wood co ll ec ti on 

time Illel tberg et al.. 20001 and household size IAlam. Sathaye and Barnes, 1998: 

Ouedraogo. 20061 . 

World l3ank (1990) in its report on household energy handbook poillled out that to cope 

II ith deepening cr isis of energy scarcity. households adopt two methods. I:irst household 
-!I'_o. 

energy should be made more efficient. Secondl y, fuel substituti on need to be encouraged. 

A stylized lilcl in the energy demand (fuel choice) and fuel use literature is the ex istence 

of a transition process whcrebv households gradually ascend energy laddcr as the 

di sposab le incomc' increases. rhis point is di scerned b) the model of encrg\ ladder II hich 

is a com pli ca ted process than simply ascendi ng from traditional energy sources to 

modcrn cnergy lorm. The ladder begins with biomass fuels (firewood and charcoal ). 

moves to modern commercial fuels (ke roscne and IJ)(J ). and culminates with clec tri e ity 

Isce World Bank. 20001. Thc principal notion underlying thi s concept is Ihat households 

lilcc a range of energy supph choices. II hich can be ordered I'rom least 10 mOSI 

lech nologically sophisl icaled. erticient and convenient energy lorms. 
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2.2. Empirical Literature 

[n energy economics. there are some st udies that h11\e [()eused on the energy demand of 

househo[d and how the economic unit responds to the changc in various determinalll s of 

i1. These papers gave specia l considera tion on the fitctors that guide households to 

op timi/.e their ['ue[ mix by swi tching between the different energy sources. Thi s study 

rev iews literature surveys considered to be eri ti ca[ for building cons istent and concrete 

kncl\\ [edge in the area or h(luseho[d energ) dem and . 

.lack (2004) uscd panel data on Peruvian household to compare point estimates of price 

and income e[astieities of demand for e[ean fuc[ s with pooled estimates, In the houscho[d 

['ue [ cho ice [iteraturc. the usc o r cross scc tion data suggcsts that error introduccd by 

unobserved hcterogene ity is likely to lead to overestimat ing the effects of price and 

incomc, Raja and Ilousquet (2003) also used panel dala of French industrial plants and 

estimated empir ical price elasticities o f cnergy demand from the model. Farsi et al. 

(2004) noted that in the literature there arc f'cw studies that have tried to investigate 

liletors affect ing ruel choice using di saggregate household data. Baker et al. ( 1989) 

c(lnductcd st ud y on an ideal demand sys tem and Gorman pu lar [(lrm I\\u stage to stud) 

household energy demand conditional on durab[es usi ng [il mi[y expenditu re survey. [n 

thi s wor k. the implied price and income elasti cities are emphasized and it was the fue[ 

category (gas and electricity that arc used for the study) that where found to be infe rior 

goods [(ll' oler halforlhe sample, 

31 



2.2.1. Determinants of ho!ill!hold energy demand 

2.2.1.1. Household Size 

I,arge lamil ics are an economic asset in the countryside, since child labor can be used Ill)' 

ruel wood colkction and labor-i nt cnsivc agricul tural production 1 Dasgupta, 19981, llut 

large ramilies becomc economically unsusta inable as in rural household fllmily members 

cannot generate income in rormal markets, While immigran ts to urban areas initially 

retain rural tradi ti ons, including largc f'amilies, the economic realitics or urban lirc 

graduall) reduce hnuseho ld si/.es, Correspondingl), the demand Ill)' traditional f'ucls " tll s, 

onth bccausc of' thc ri sing tim c opportunity costs fo r urban rcsidents working in formal 

markcts, and because orthe availability and economy o f'a lternati ve energy sources . 

i)cmurger and I:ournier (2006) idcntified that houschold size is an important explanato ry 

va riabl c in household energy demand and thcir cSlimated spcc iticalion shows a concave 

elTcel or household sitc on f'ucllVooci consumption. Thi s rcsult is consistent with cxpcctations 

give n thc fact thaI. as the numbcr or members in a household increases , cnergy dcmand 

also increascs (and eventually also the supply or labour ror co llection). Howevcr. the 

additional member bene fits from thc firewood consumption or other mcmbcrs (I'or both 

h~aling and cooking) re su lting in cconomi~s or scalL::. 

Douglas ct al. (2004) also observed that larger urban households tend to se lect traditional 

ruels to a grcat ex tent whereas smaller households tend to choose the relati ve ly more or 

mndern ruels. II also sh(l\\ed thal a lthough larger househo lds gcnerall) ehnose Iraditional 

(and olien less et'licie nt) fuels in greate r proponi'ln, and Ihey ge nerall ) cnnSllllll' less IOlal 
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~nerg)' per household member Ihan sm alkr househll lcls. Tav lor and Franc~ (19X9) also 

lrbseJ'l ed in Ihis regard Ihal 1~lmily sil.e inl1uences per-capi ta ruel requirements. Large 

1~lmil)' cooki ng bigger meals and can be more effi eicnt in their use of fuels. 1n assess ing 

household energy consumption. one does not onl y have 10 idenli fy the quanliti es o r 

energy rrom of d ifTerenl sources which arc al located to spec ill c end-usc, but accoun t for 

variati on in household sil.es and compos iti on to reach standa rd consumption ligure 

Ill owes, 19841. 

Ii ouseho id ramily size is ex pec ted to increase the fuel wood consumption because of 

inc reased energy demand and increased laborers ava ilabl e for fuel wood collection, The 

impact of household size on use or alternat ive ruc ls is ambiguous, because greater 

household size mea ns inereascd demand ror energy but also increased possibili ty 01' ruel 

substitution. The role of househo ld size as one of the 1~l etors behind the variati on in 

hlllischoid expenditu re is discerned by the usc of' per capita energy expenditure. We 

control lor household size wilh a measure of the numbe r or reside nts orthc ho use hold. 

2.2.1.2. Own price effect 

One or the impo rtant determinants of household energy demand and fuel mi x is the price 

of va rious fuels. Non cash payment consist most ly or time (e .g, fo r gathering f'uel wood) 

and hence are opportunity cosls. In general. po licies that keep energy prices low lead to 

gl'Owth in latent or potential household energy demand. According to report 0 1' World 

Bank (1990). traditional Ille ls arc either co ll ected or traded out side the monetary 
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cconomy, or bought and so ld in a multiplicity of smal l markets. In general , poli cies that 

keep energy prices low lead to growth in latent or potential household energy demand. 

I:ue l woocl I'rom the commons is collectcd without linancial cost. /-'oky and Mossa ( I ()X~) 

indicated that the question of 1·1 hcther peopk pay lor wood fucl or not is an important 

lilCtor determining their response to fuel wood scarcities . If prices go up those who 

already purchase fuel wood may be prepared to invest in an energy sav ing stove, 

alternative l\' they may switch to eommcrcially avai lable fuel s. Pricing is an essential 

instrument oj' cncrgy demand management not only because of it s direct c lTect on the 

level 01' energy consumption but also it indirectly affects consumption by inllueneing 

choice of energy using technology World Bank (1993), 

Chipm an (1999) also observed that commercial energy prices are often used as a social 

policy instrument in clevcloping coun tri es. Among the most common subsidi7ed energy 

sources I(lr houschold is electrieit), with the aim 01' making it accessible even to 10\\ 

income households. Moreover. I lurst and Barnet (1990) stated that no clear empirical 

evidence exist on thc magnitude of rural energy price e lastici ties. A comprehensive stud y 

on the elTeet of own pri ce on rural household energy demand for I'uel wood was 

conducted by Il yele ancl Kohlin (2000) who re viewed not less than ten empi ri ca l stucli es . 

These works indicated that demand lor fuel wood is inversely related to own price which 

demonstrate that I'ucl wood is price scnsitive . Moreove r. Teives (2006) made comparison 

oj' pri ces of avai lable Cuel s in the market and observed that the relati ve prices are less 

important than the absolute ones for households in Portuguese. 
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!vIoreO\er. economic theo ry olTers considerable guiclanee on ho\\ consumers ,·,ill respond 

to non linea r pri ces. The de mand behav ior of a ut ili ty- maxi mizi ng consumer th us 

depe nds not on the ave rage price, nor any single margi nal pri ce. but on the entire price 

schedu le. By do ing so, one can express demand under nonlinear pri cing in terms of the 

ordinary demand function of c lass ica l consum er theory, which assu mes a linea r budge t 

constraint. The dil'licultv that arises in empirical work is ho\\ tll incorporate a complex 

price schedule into a demand specilication in a way that is consistent wit h economic 

theo ry ye t tractab le empiri ca ll y 1 Reiss and White, 2002'1. 

Some stud ies rely on market prices It)r fue l wood . which is appropriate when an act ive 

market cx ists (as in the Indonesia. empirical study by Pi tt (1985»), but not when 

transac tions arc infrequent (as in case 01' Ethi opia), where most households collec t their 

own lirewood, prov ided sueh prices arc observable at all. 

Spec ificall y. casc study I'or Eth iopia in this regard was conduc ted by Alemu ( 1999). This 

study assesses \\hether I'uel \\ood and an ima l dung (including crop rcsidue) arc substi tute 

or eomp lemcnt and also madc an att empt to est imate income and pri ce elast icities. He 

cs tim atcd the non- separable agricultural household model, using data from a sample 

survey of" 4 19 rural households in Ethiopia . The gcneral Tobit mode l was uscd. In the 

modcl. since the price 01" I"uel woocl was endogcnous in thc de mand equation, as eapturcd 

by the marginal product of labou r (de rived from the !"uel wood collection) multip lied by 

the amount 01' tim c spent in co ll ect ion. instrumental va ri ab le es timat ion was empl oyed by 

this stud). The response of" I"ucl price as expressed by price elasticity is -0.4 indicati ng 

fuel consumption is scnsit ive to its own price vari ation. 
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2.2.1.3. Cross price elasticities 

Wc cxpect fucl substitution to bc a rational economi c agent's rcsponse to incrcased 

rcso urcc scarc ity and increased wood collec ti on time. Bhagavan and Kapekez (1992) 

argued that dcmand st ructurc should bc modifi ed to incorporatc thc determinants of 

household energ) consumrtion. I'he trad itional ce()nomd ri c l(lnlllilatilln "I' demand as a 

ru nction o r pricc and incomc li-cqucn tl y ignorcs quitc as idc fro m othcr assumpt ions cross 

price e lasticitie s. Concerning pri ce elastic ities. they showed that encrgy products are 

rather inclasti c in Spain. 

Ii ouscho lds arc induced to subst itute away rrom energ) onl) ir rri ces 01' energ) c"ceed a 

certa in threshold level and the)' reverse the technology only i I' cnergy pri ces arc loll' 

enough. This threshold price level at which consumers make transition to alternati ve 

substitutes is a crucial issue in energy economics. For instance. Sadayoa ( 1985) observed 

that subsidized kerosene and elec tricity would not have significant effect on firewood 

price becausc market I(lr lirewood and commercial Illcl s arc hi ghh segmented and 

clast ici t) o r su bstitution is probably quit e Im·, . 

Il olVel·Cr. ChambIVcra (2004) applied the alm ost ideal demand system to anal yze urban 

rucl (particularly lircwood) dcmand in Ilarare town in an energy mix conte,,!. Their study 

by using a mult i-stage budgc ting approach in thc modcl cs timatcd the sharc or cnerg) in 

total household expenditure and thc shares or lirewood. elect ricit y and kerosene in total 

cnerg) expcndit ure. It drew policy recommendation. that decreasing prices or alternative 
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fuels. notably kerosene could induce househo lds to shi Ii from lire wood to kerosene and 

case the problem of environmental degradation. 

hlel wood sold in market competes in price with petroleum for cooking fuels. It has 

therci'orc been suggestcd that the market price of the chcapest petroleum fue l imposes an 

upper limit on fuel wood prices. Price competition between fuel wood and petro leum is 

likely to be particularly intense wherc wood is relativcl v scarce or distant I'rom the ci ty 

LSM /\I' (1003) 

Khazzoom ( 1973) in his study on an econometric model of the demand for energy in 

Canada argued that because of the required past invcstment in appliances by household. 

overall response 01' total demand to price variations 1-\ ill be mueh m(Jre restrained than 

economic theory would lead one to believe. According tll him. this results in eonsumer's 

agi lity whic h in turn results in under expected response of demand to price change for 

such energy sources. lie distinguished betwecn two forms of demand: "free demand" and 

captive demand and noted that in measuring the impact of an econom ic stimulus on 

demand, onc nccessarily has to locus on the liTe demand. The study also indicated free 

demand depends on a price l ector whose clements generalil Cl)nsist llf thl' price ot' the 

comm od ity in question, as wcll as the price or it s substitutes. 

HOIvc I'er as for this study, unfortunately information regarding the prices of different 

energy lorms is not provided. In rural energy demand households do not kno\\ precisely 

hllll much it cost them to acquire fuel wood. dung and residue or charcoal as it is 
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obtained without any financial outlay. The only cost incurred is the opport unity cost of 

!(Jrcgonc time. 

2.2.1.4. Income effect 

Thc budget and income constrain t of' household is an important determinant of its overall 

pattcrn of' consumpt ion expenditure. In line with thi s argument. Campbc ll , Vermeu len, 

Mangono and Mabugu (2003) conducted a st udy on energy transition and indicated that 

households switch ['rom wood through kerosene to electricity occurred with a rising 

household income. According to Ilcam ont and Kcys ( I (82) observation. that Lngel curve 

ean be used to represent direct relationship between household income and expendi ture ; 

that is, in general as househol d income increases, expenditure on a particular commod it y 

docs not decreasc in absolutc terms. Household energy surveys have f'ound income to be 

a maj or determinant or the energy transition lAlam ct al.. 1 c)()S : Campbell ei al.. 200J: .-
Davis, 1998: Ouedraogo. 20061. For example. Campbell et at. (2003) observed that in the 

rour largest eit ics in Zimbabwc higher income households were less likely to usc wood as 

thcir primary cooking ['uet. witching to kerosene and elect ricity. Sim ilarly, Ouedraogo 

(2006) noted that households ' firewood utili zat ion rate decreased with increasing 

household incollle in the capital city 01' I\l\I'kina I:aso. MorcOl'C1'. I lurst and Ilarne t (1 990) 

indicated that as income increases therc is a natural shil't li'om wood to the so ca lled 

modern I'uels of' coke and kerosene. 

Taylor and I:rance (I (89) in thcir stud y titled energy issue and option in developing 

countries obsc t'l'ed that wOl)d crisis docs not alTect all equally. It is mainl) crisis or the 
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poor. Those II ith higher income can s\\ itch to other fuels. Furthermore. Kgait et al. 

( 1997) in the study of biomass in Africa observed that households tend to li nd it 

convenient to switch to advanced energy sources if income is not a constraint. Thus. we 

in ler that shocks such as increase in price of ke rosene result s in dive rgence in households 

move at a point on the energy ladde r. That is whi le the households with high ineo l11 e arc 

ex pec ted to swi tc h to advanced fuels the poor moves dOI.1 n the ladde r to the rela ti vely 

less e i'li eient fuels suc h as crop res idue and animal dung. Thus. the rampant loss o l' lo res t 

now occ urnng in the third world countries without any doubt. since most of the 

households can not arto rd for ad va nced energy sources. cause a serious treat on their 

econom ic development. But households will not abandon or complctelv give up 

consumption 01' one Illl'lll of I'uel and Sll itch to another. I{ather. thel exhibit sub tle 

opti mization decision II'here multit ude 01' energy sources consumed si mul taneously. 

The strong link between energy demand and income in the energy ladder f'ramework was 

also observed in study by LSMA I' (2003). It indicated that the major achicI'cment of the 

energy ladder model in it s sim plest form is the abil ity to capture the strong income 

depc ndeney of fuel ehoiccs. llames. Krutilla. and Hyde (2004) on the ot her hand po in ted 

ou t that the increase in incomes give rise to a decl ine in the percentage of consumers who 

choosc to consume traditi onal fuels. as we ll as the kerosene. and an increase in the 

percentage of consumers who consume LPG and elect ri city. Spec ilic to kerosene fo r 

instance. Dahl (1')'14) no tcs that the income elas ticit l' of kerose nc demand could be either 

posit ive or negat ivc. That is. lor thc very poo r. increase in income wo uld switch hi s 

consumption li'om trad iti onal fuel to ke rosene. i.e. the de mand is pos iti ve ly related with 
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income. Il owever, as income increases further, the demand may sh ift out of kerosene to 

electricity and ot her commerc ial I'uel s such as liquelied pet roleum gas (I.PG). 

I:oley (1995) made an interesting att empt or fo rmulating energy trans ition theory, 

suggest ing a laclder of energy demand rather than or fuel preferences. As income grows 

people start to demand more di versilied energy sources as they can alford to purchase a 

va rict y 01' app liances eac h or wh ich requires a spcc ilic energy so urcc. The ponr rural 

households, in con trast. arc supposed to need onl y wood lo r basic cooking. Although 

undoubted ly true . the linding of widespread usc or multiple fuels for cooking suggests 

gen uine fuel stacking to r a given purpose lsee also Dav is. 1998]. 

Khazzoom (1973) following Balestra and Nerlove ls model (1996) used total expend iture. 

rather than income. as the appropria te cunstrainl \ ariabk in stud) ing 1'1lL'rg: demand 

model for Canada. The reason is beca use over sho rt periods of time. consum ers have '. -
more control over thei r expendit ure than over thei r recei pts of income. The literature on 

the determinants or firewood consumption in rural areas usually L1ses three di ffere nt types 

or measures Ic)r the "income le\,el": households (net) income. househo lds total 

expenditures. ancl a measure o r househo lds' weal th . Heavy income dependence of 

household energy demand. however. was emphasized by many researchers [Dcmurger 

and I:o urnier. 2006[. 

In the case of Ethiopia. pove rt y appears to be the deri ving lo ree behincl the problem. cor 

instance. Ilcrekct et al. (200 I) indica ted that eicctricit) consumption is high" 

unarl(mlablc IClr urban householcls in Lthi opia. Thus. I'rom view point o r economic 
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theory. wi th no exception fo r Ethiopia high level of income is expected to induce 

increased consumpt ion in pCI' capita term and or switch towards morc advanced energy 

sources. Higher incomes induce houscholds to switch away from traditiona l fuels. such as 

co\\' dung and lirc\\oOlL to higher qualitv but morc cxpcnsi l'c suostitutcs IArnold ~I 01 . 

20031· 

Thc theorctical ass umpti on underlying the energy ladder model is tha t low li ving 

standards as the case in Ethi op ia induce grea ter dependence on [c)rest fircwood 0\\ ing to a 

com bination or in come and substitution elkcts. 1' 001' households rcly more on rorest 

li rclVood vis-I'-I'is modern ruel substitutes purchased rrom thc marke t becausc the impact 

or the lower shadow cost of their time (the chief cos t of collec ting fores t wood) 

dominates incomc effec ts (which may be pos itivc, as higher load ex penditures associated 

with higher income ra ise demand for cooking energy). The results or the study conducted 

bl 13a la nd et aL (2007) indi ca ted that le) r Ncpal thc incomc and the substitution cllccts 

ncutrali/c cach other. so that lirewood cu llections arc essen ti all y inelast ic I., ith re spect to 

improvemcnts in li ving standards. Some of literat ures do not include income or 

consumption ex penditures. and rely on prox ies such as landholdings ie.g.l lcltbcrg el a/. . 

20001 

2.2 .1.5. Household labour allocation 

Il cltberge et aL (2000) noted that imperfec tions in rura l labor markets-both seasonal and 

gender-bascd-make househol d labor supply and demand non-separable . The assumption 

of non-separability implies that household reso urce allocation. including cncrgy suppl ). 

cncrgl demand. and lill'lll and oil 1011'111 labor suppl) is dccided simulwncoustl. rathcr 
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than rccursively. This means acco rding to Sadoulet and de Jan vry (1995) caeh househo ld 

determines energy product ion and consumption by maximizing it s utility subjcct to a 

'\'irt ual" or "shadow" pr ice or energy which is unobserved and unknown, except to the 

household itselr, and which varies between households depcnding on household and 

\'illage charac teris ti cs. 

Some literaturc on household energy use in rural areas or developing countr ies discussed 

the issue or labour alloca ti on lo r dil'ferent energy search and other al ternat ive tasks. For 

cxample, Kumar and Il otchkiss (1988), using data li'om Ne pal. est im ate thc empirical 

link s betwcen dc lclre stati on. women's timc allocation . and the e l'rects on nutrition whcn 

women spend longer hours co ll ec ting ruel wood. Furthermore, lollowing the same stand 

point. 1 Amacher et aI. , 1992; 19931 studicd fuel wood supply and demand , and the 

decision to adopt improved stoves, re specti vel y, both based on separable household 

model s estimated on Nepa li data. 

,\llackcn/.i e (2007) conducted project study on ck velopment 01' energy Illr AI'ri ca which 

conceives that in the standard model. it is assumed that a house hold is endowed with 

lixed amounts 01' both agricult ural land and or time available lor labour . Bascd on notions 

lll' economic rationality and the prevailing prices ai' labour time, producti on inputs and 

linal produce. the household tim e is optimally allocated into the three aillrelllentioned 

activ ities . In thc simplest ve rsion or the Illodel it is rurtherlllorc ass ullled that the 

household can buv any alllount or labour I'rolll outside or sell as it desires (from its fixed 

endowment ) at a given \,vage rate. 



Threc papers come closer and put f'orward supporting argumcnts to the issues discussed 

in the above study. Thc first is Pitt (1985). Ilho quanti/ies the subs titu tion betwecn 

lircwolld and kel\lscnc (thc major commercial ruel ) by estimating expcnditure cquati ons 

1'01' a large Indoncsian sam pic. He finds that substitution bctween li rewood and keroscnc 

is vcry limited. and that thc subsidy on kcroscne thereforc is an ineffective way to address 

de forestat ion. and in fact benefi ts urban and wea lthicr households. The second paper is 

donc by HlulEtone (1995). who studics household labor allocation to rucl \lood 

col lec tion. agriculture and o[T-I~lrm wo rk. Simulation exerc iscs or the time-path or 

dcriJrestation. using parameter va lucs l'or a typi cal Nepa li hill vil lagc, demonst rate that 

the prescncc or on~I~lrm labor opportunities arc crucia l l'o r stabilizing l'orcst levels . Th is 

is bccause oil lilrm wagcs sct a downward limit on the opportuni ty cos t or timc. 

Thc third paper is by Amacher ct al. (1996). who l'o rm ulate and csti mate a non-separable 

household model l'or fuel wood supply and demand. also using a Nepali data set. Its 

cmphasis is on I'uel wood purchase versus own collect ion and on estimat ion of the 

unobserved shadow wage using a two-ste p procedure. In addi tion. Baland et al. (2007) in 

thc studl' or lirc \\'ClOd consum ption in Ncpal indieatcdthat most households collect thcir 

own lircwood. so we distinguish bctween the direct wealth effccts 0 1' increased assc ts 

owned rrom induced cffeets on shadow cost oftimc spe nt co ll ec ting firewood. 

Thc model prescnted by Ilcltbcrg ct al. (2000) eapturcs thc sit uation or a agricultural 

liu'lll household cngagcd in crop and livcstock production. on~I~\I'm work . and cncrgy 

collection. The main [CJCUS and novelty or this model is that the substituti on 01' fue ls I'rom 

dirfe rent sources is discusscd and tested. 13esides incomc. anothcr important el'fect to be 
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measured whcn cxploring lirewood consumption determinants is the price effect. And 

price of fuel wood in rural area depends on the time (opportunity cost of labor) to collect 

it. 

As in most developing countries in Ethiopia. com mercial fuels arc widcspread in urban 

arcas but less in rural areas. wherc many fuels for home use are co ll ec ted at zero financial 

cos t by thc household it se lf. The most important non-commercial domesti c fuels arc 

lirewood collected from forest s, common lands. roadsides . and private fie lds: crop 

res idues from the lim11: and dung gathered from domestic animals and charcoal. 

Ilowe, er. in many pa rts 01' I·:thiopia. markets lor domestic fuels arc e ithcr absent or ill ­

functioning . making it reasonable to model household energy supply and demand as non­

se parable. 

To this effect. Alcmu (1999) tried to mcasure thc shadow pri ce of fuel collection lor 

I:thiopia introducing firewood collection time (expressed in hours per kg) interacted with 

houschold wea lth categories. The opportunity cost of firewood collection. used as a proxy 

k)r fue l wood price, therefo re corresponds to the collection time multiplied by the 

opportunity (shadow) cos t of tim e. which we ass ume here proporti onal to househol d 

\\ealth. 
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3. THEORETICAL SPECIFICATION OFTHE MODEL 

3.1. Economic model framework for estimating energy 
demand of agricultural household 

In this sec tion. we present the model underlying household labour allocalion deci sion in 

modeling or estimating the energy demand oj" ru ral households. J\ recent and interesting 

model for household labour allocalion lo r lire wood collec ti on and the cxistence oj" 

substitutability between firewood and gas was modeled by 113aland et al.. 20071. 

Thi s study adopts the model in estim ating rura l household energy demand in the energy 

mix or fuel choice context. It ex tends the model by including charcoal as possible source 

oj" household energ) op ti on. lienee the J"unctional relationships aI',' mod i tied as 

households decide on labour allocated on collecting J"uel wood and preparing charcoal 

whic h arc the choice variables (used as substitute or complcment) as we move along the 

cnergy ladder. Instead oj" only two alternatives we now have three subst itutable energy 

sources. Then the model shows how households optimi/.e thei r energy dcmand (J"uel 

cho ice) in their encrgy portfo lio (fucimi x) model. 

Considcr the total amount o j" cooki ng , lightening and heat ing energy used by household i 

in village v. I-Ii I'. I~ nergy is assumed to be obta ined from three sources: firewood, 

charcoal. and advanced energies (which stand herc lo r all cncrgy sources that are sold in 

the market) . I.e!l ing Gil stand Ic,,' the tota l amount o f gas consumed in the hl'useh,' ld. h ,. 

Ic,,' the amount oj" lircwood per cap it a. and Ri v. charcoal per capita, and ni l' lor the 

numbcr oj" members in the household. \\e have: 

Hi!, = OgGi!' + O;I1i! ,Fil' + O,.l1il'Ril' ---------------------------- - --------------- (I) 

45 



So that 0IOg. 01'10" rep resents the gas energy equiva lent of one unit of fire wood. and 

charcoal respectil cI). Similarly. lire lIood cquilalcnce or charcoal is rep rescnted 11) the 

ratio or OdOr These rati os stand I()t' the rate o r subst ituti ons be twcen respective sources 

uf energy fo rm s. 

The utility function or a representat ive member of household i in vi ll age l' is give n as 

l'oIIOlIS: 

Vii · = V (HiI', Cv, th·, SiI' (I1h,Fiv), ljIiI· (l1iv RiI.), av)) ----------------- (2) 

Whe re C,' denotes pe r cap ita ex penditures on a ll other goods consumed. iiv, per capita 

le isu re time (including time de voted to domesti c tasks), SII,(nivF,v) and Ij.!II.(n",R,,,) stand 

ror the total amo ul1l or smoke produced by the usc or lirewolld and charcoal. respectivel) 

in the household. and (I, ' sland s It)t' the re!cl'ant village cha racteristics. suc h as vi llage 

climatc all d infraslruclure. The inclusion of Ihe ta la I amounl of energy in thc ul ililY 

runction rcileets the 1 ~l ct that the energy used for heating and cook ing is to a large extent 

a public good within the houschold (and smokc health hazardous a public bad) II'hil e 

consump ti on expenditures or le isure arc no1. 

Iiousehoid ineomc is the sum of li xed income (pensions. sa laries or permanen tl y 

employed mcmbers and wage employment ea rnings), denoted by I'll', and (income li'om 

li vestoc k. se ll of crops and othcr produces); a ll summ arized as se lf employmelll income 

denoted by )'11 '. The laller is in turn de termi ned by thc value of househo ld prod uct ion. 

given by a Cobb·lll)Uglas production runction or houscilD ld labour ho ur,. i .II'. the 

productive assets owned by the household: land. ;/11 ', livestock. L.,w, seed. ICnili /.er and 
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other agricu lt ural inpu ts . .I "" . educat ion. E", and non-farm business assets. E",; and village 

level variables. b,.: 

I.et us define N", as the household labour stock ava il ab le far se lf-employment activi ties. It 

is obtained by mu lt iplying it by 16 hours per day the number of adults (plus an adu lt 

eq ui vaicnt scale of' 0.25 t()r children) that arc available t(l!' household activities. 

productive sci I'-employment and t() rest collec ti on and charcoal pre paration, We can then 

deline the household potential income. )';", as the self~employment income that thc 

household would earn if it were to fully util ize its labor stock. It is given by: 

'. - ,il"N <I>'J <I>'A <1> 3L - <1>4£ <1> ' 8 <I>" - L' <I>,y. 
j",,, - e h' h' ii, Siv it' il ' - I I' I V --------------- (4) 

N , <I> , 
II ' 

Ilv const ruction. it always exceeds the ac tual se lf~emp loyment income. Owing 10 data 

limitations we wi ll ignore the poss ibility of f'uel wood and charcoal markets within the 

village, Wc therct()re assume that li rewood and charcoal used is en tirely co ll ected and or 

prepared bv the household itsell', The cost ot' us ing lirewood and the alt erna ti, 'e 

(c harcoal ) corresponds to the opportunity cost of time invo lved in collecting it. Since 

ownership of dilTcre nt assets affect all oca tion 01' household time between differen t 

occu pati ons. some of which are complementary with firewood co ll ection and charcoal 

preparation. while others are substitutes. the time taken to co ll ect fire wood. 1'/ and time 

taken tn prepare charcoal I,," a lso depend on the assets o\\ned h' the hOllse h" ld , As 

hnusehnld's occupational choices are endogcnously (icte rm ined by labour allocation 
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deci sions VI ithin the household. We usc as prox ies. the correspondi ng assets owned by 

the household that influence their occ upationa l choices. 

Lctting I,.". represen t total time taken to collect firewood, and prepare charcoal for a 

housc hol d with no assets in I'illagc I ' . wc assume: 

Whcrc T, measures the degree of complemcntarily betwcen the acti vity associatcd with 

assc t i and lirclI'ood col lect ion and/or charcoal preparation. r or instance. it might be 

hypothcsizcd that graz ing li ves tock reduces the time taken to collect ruel (T,' 0) 1\ hil c 

running a non lill'lll business increases it (Ts > 0). 

Fina lly, the labour allocat ion constraint is given by: 

I r 6 Nil' = L iI , + 11 ;,l;,', F;" + 11 i"l;" + 11 i..ti" R;" ------------------------------( ) 

I.clling (<!r ; ,. represen tthe ave rage price or gas in region v. the budget constraint can be 

written as: 

l1i"Cil' + OJ(;" ,G ;" - Pi" + Yil'.--------------------------------------------(7) 

In thi s model. \I 'C incorporated the lilmil y si/.e as a determina nt 01' household encrgy 

dcmand. It appears in the eq uation with a linear and an inverse term. Identical result s are 

obta ined if a linear and quadrati c terms yield arc used instead. The use or an inve rse here 

a llows us a d irect comparison to the results obta ined for India in Baland el.a l (2007a) 



\lhere the spcci licati on is based on a linear ex penditure systcm whi eh yields an inverse 

term in household size , Th is transformed 1l)],]11 01' filmily sil.c is used as an inst rumcnt in 

estimat ion of household energy dcmand , 

So ta king equa tion (4 ), and incorporating household size, equation (7) becomes: 

11i1,Ci,' + 0)(,"" . Gil, = PiI' + 
<I) ) 

Liv )~ il' --------------------------------------(8) 
N

, <I») 
/I ' 

From (6) . ,·,e get budge t constrain t cquation givcn as: 

,/ , (.IF· /1'/ ' 11' (,1'1-" j')) ' , - I , IV IV IV - /v /11 - /1' /II ' I V A/v. ------ (9) 
Nil. 

The household maxi mi zcs utilit ), I'unetion gi' cn in (2) by choos ing gas. I'uel \lood, 

charcoal .lei su re and consumption expenditures under the budget constraint (9). taking 

asse ts. fi xed income. demogra phics and the time taken to collect fuel as givcn in the shon 

run, The Lagrange functi on is formulated as: 

L = U(HiI', C; .. , /; '" SiI{I1i"Fiv), !fA'" (l1i" Ri ,,), (t v)) + p( Pi" + 

{I - 11 i"t;/FiI' - 11 i"/;,' - 11 i,,(i,," Ri" /1i"Ci" + O)(,",vGiv j ,») } ,iI" ---------- (J 0) 
Nil' 

Substi tut ing J Iii' I'rom equation (I), and opt im izing the Lagrange with respec t to each of 

thc var iab les yields equilibri um outcomes, That mcans maxim il.ing the household utilit ), 

I'unction subjee l to the budge t const rain t stated abm e nes ts dem and equati on It)r I'uel 

'''ood. charcoal. leisure and other consumer goods in terms 01' household assets which is 
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embodied in time I(l r fucl co llection. litmil y si/.c. la bour stock. lixed and po tcntial 

ll1C OI11 L' . 

This vic Ids thc lal lowing li rst-orde r condi ti on for gas. whieh takes into account the non-

negativ ity constraint. Accordingly. lo r gas lirst order optimal condition is given as: 

iJ L = () ------------------------- ------------------------------------- (I Ill) 

iJG;" 

Gil' (U ';",gOI: - II WG. v) = O. ------------------------------------------(1 I b) 

For fucllVood collection the op timi za tion equa ti on is givc n by: 

iJ L = 0---------------------------------------------------------------- (12 a) 

() F;" 

= (), - - -------------- --------- -------- --------------------------- ( I 2 h) 

Th is can be expressed as: 

f I rI~)(p -Jr" F;" (U ';",j-DI + U 'iI',ZS';" - fI<I>J (N;" - /1i"n "F;"- /1i,, ;". 11;"1;,, "';v I t ;I'/\. /v 

Nil! 

=0, ------------------------------------------------------------------------------ (I 2. c) 

Simi larl v. Illr charcoal: 

iJL = 0, -------------------------------------------------------------- (12. a) 

DR;" 

50 



Ril'{ U 'il', /),.11 il'+ U 'h', JS 'iI'l1il.-,,(i> I (Niv -l1h·/~I , Fil>-- nil .l ill - 11;llli/ l~hl) lI> ,- I l1;v{i\l iv } 
Niv 

== 0, ------------------------------------------------------------------------------- (12.b) 

This can be rC-\\I"ittcn as: 

Ri,' (U 'iv, rO,. + U ';",JS ';" - 11(1) 1 (Ni" - m,/ ;v Fiv- mV/h' - /1;" fiv'" Riv) <I) I - I fiv'" A il') 

Niv 
== 0, ----------------------------------------------------------------------------- ( I 2. c ) 

The first order condit ion lor consumption expendi tures and fo r leisure (assumi ng 

in tcrior so lut ions) arc: 

U 'iv,e - fA == 0,-- - - - ----- -- - --------------------------------------- ------- -- --- ( I 3) 

And. 

Thc al (l rcmcnt ioned lo ur lirsl -o rder conditions. together \\ ith the budge t const raint (9) . 

impl icitly definc the de mand functio ns. wh ich can be written as functi on of potentia l 

incomc }UII. fixcd income P,,,, the cost of fi rewood (equa l to the ti me required to co llec t 

one bundle of li rewood (standa rdized by amoun t of fuel wood collec ted in a single trip) 

or the alternati ve multiplied by the shado\\' \ alue of time :::"'). house hold dcmographics 

(represen ted by lilm il y si/.c of household 11;1' in adult equivalent consllmptinn uni ts) and 

thc pri ce of gas (\.\hich is omitted in what follows as bc ing given at the vi ll age leve l. it is 

absorbed by the village level lixed effect). The shadow va llie of tim e, :::iv. corresponds to 
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the marg inal product ivity of lahour in sdf~em pl o)'ment occ upati ons (de termined in turn 

b\ the labour supph choice and household assets) and is equa l to: 

- I> (N I' Fir R ) <I> - I =..iv = ( I iv - nil! iv iv- nil' iv - l1ivtill iv I ni v)~iv.--------------- (15) 

Taking a Taylor expans ion. allowing lo r hi gher order terms in income and demographics . 

\\'e obw in the following cquation for lirewood per capita within the household , 

fh( 1//1 iV) +eWv+civ, ----------------------------------------------- (16) 

Where, f .. == Fi\' 

nil· 

Simi larly. per capita dcmand lor charcoal with in the househo ld is given by equati on: 

(1II1i') + nS('" + /:iv, ---------------------------------------------------- (17) 

Where. riv == Riv 

/1 il' 

We can a llow for censoring by estimati ng truncated version of equat ion (16) and (17) 

abo\e. hom ( i 5), per capi ta potcillial income is a majnr dete rminant of the shado\\ val ue 

of time. J'hereio re. we shal i use )LivIN" as a proxy fo r the shadow wage rate -'::' 11.) 



Recalling the lormulation of co ll ection time I~ ,' above as a function of household assets, 

the firewood clemancl equat ion can now be entirely writt en as a function of fixed 

household characteristics as le)l lows: 

jil' = max {O, ell + e I},it' + e 2Aio,2 + e 3Piv + e4},ivti./+ eS},iv(Kiv - tii) 

N il' N il' 

+ e6lliv + e7(1/l1io) + eXlIl' + Bivf ---------------------------------- (18.a) 

Similarly, pcr capita demand equation lelr charcoal can also be writt en entire ly as a 

functi on of li xed household characteristics as lo llows : 

2 I' r 
rio' = max 10, 7to +7tt},iv +7t2Aiv +7t3Piv +7t4Aivtiv + 7tS},iv(Kiv - til' ) 

Nil! Niv 

+ 7t(/lio' + 1t7(1/IJiI) + 7tsav + l:il'j . ----------------------------------- (19.a) 

i\doptillg this Illude I lor palle l data \1\(: h1n(: tu introduce the time sc rics component. 

which yields demand eq uation lor fuel wood by indi vidual i, from vi llage v, in period t is 

given by: 

/il'l = max 10, eo + e t),il'! + e 2},i) + e 3Pio'l + e4},ivtiil'! + eS},iv! 

Nil' Nil' 

(Kivt- 1M) + e(Jllil'! + e 7 (1/l1il'r) + eSlIvr + l:il'd. ----------- --------­
( 1 8, b) 

Simi larly, equati on for cha rcoa l consumption per-capita is given as: 

2 /' 1 
rio'! = max 10, 7tO +7t t},iv! +7t2},iv! +7t3P;.,!+7t4},il'ri iv! + 7tSAiv! 

N il'! N il'! 

(Kivt - liv!) + 7t(/lil'! + 7t7(1/1Jil'!) + 7tSlll'! + Bil'd. ------------ --------- (19,b) 
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I'hc subsl ilulion dlcCls arc now idcntilicd (scparalcly li'om the incomc clkc l) by lhc 

in teract ions bctween per capita pOlential income (),ill N;.,) or the house hold. averagc 

co llection timc in the village (proxicd by /,.') and assets owned by the houschold. 

3.2. Definition of varia bles 

Potential income 

POlenlial inco mc as dclincd above prov idcs a singlc mcasure of wca lth which valucs and 

aggrcgalcs lhc dilkrcnt asse ts owned by lhc houschold. The mai n bcnefit o r using 

potc ntial income is lhal il is indcpe ndenl o r shOrI run labo ur allocation choices madc b: 

lhe household. It aggrcgates lhc asscts or housc holds inlo a singlc measurc or wca lth. 

i':slimat ions bascd on rcportcd income rather than potential incomc arc subject to an 
r-' 

cndogenc il) bias. as labour used in se l f·employment is a deci sion variable . For instance. 

it is likely that more dynamic or beller skilled I~lrm e rs will simultancously choose lO ~: w'" , 
\\ork lTll)rc and to collecl morc lirewood and/ or charcoal. Our mcasure or pOlcnlial ~ , 
incomc is nol subj cc t lO lhi s lype or bias. Moreover. lhi s meas ure also rem ovcs sources o r 

' .it, i 

'.' ,\ 
transitory shocks andmcasurcmcnt error in reportcd se lr·employed income. 8 y contrast. j 

II ~ 

lixed incomc can be considcred exogenous in thc shorI run. given the low devel opmcnl of 

labou r markets in the rura l arca. We introducc lixed income separalcly rrom sell'· 

emplO\'lllCnl incomc as il represent s a much more regula r and cerIa in source or incomc. 

" hi ch may alkcl the dcmand lo r a SUbsl ilule such as LPG and eleclricilY. This is a more 

genc ral model than the onc in which onc paramctcr is estimatcd fo r incomc dc lined as lhe 

sum or the 1 \-\ 0 lypes o r income. 
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[n cqua tion ([ 6) and ([ 7). thc second and third terms on thc right-hand side rep rcscnt the 

"ea[th c[Tec t on ['uc[ lIood. and charcoal dcmand respeetive[y. Thi s wca[t h e[Tect can be 

positivc or negati vc, as it wi [[ inc[ude on thc onc hand ri sing dcmand [or household 

energy. and a ri sing concc rn with indoor smoke. Thc [ater may tend to reduce demand for 

traditi onal (Iircwood and charcoal ) by households and provoke to switch to available 

substitutcs. The fou rth tcrm is cs timatcd scpa ratc [y [i'om sc [f-cmp[ oymcnt incomc as 

[ixcd income represents a much morc rcgu [ar and ce rtain sou rce 0[' income. II hieh ma) 

artec t thc dcmand lor a substit ut e such as gas. This is a morc gene ra[ modc[ than thc onc 

in whic h one parameter is estimated for incomc defined as the sum of the two types of 

incomc. [[ owcver. thc paramctcr cstimatc turns out to be su rpri singly similar. Tha t is as 

lIea[th ofhouscho[d incrcase advanced I'uc[ will bc I~tvored to inlerior ones. 

Shadow va lue of time 

In rural areas . where fuel wood and charcoa l arc accessed by any houschold without any 

linancial cost from common forests the only payment incurred in acquiring fuel is the 

opportunit) cost (shadow price oj" timc) spcnt in collec ting it. This shadoll \ alue o j" time 

::::" increases wi th potcntial ineomc )Lil" becausc the margina l productiv it) oj" se lr-

employed labo ur is an inc reas ing !'unetion or the assets owned by the household that arc 

complementary to labour suppl y. Wealthie r households ha ve a higher va lue or time. and a 

higher shadow priec 0 [" us ing firewood or thc alterna tive (charcoal). Thi s implies that the 

subs titution e lTects also ri se wit h Ail'. To thc cxtent that the wea lth eflects are positive. 

and the subst itution elkcts arc ncga ti ve . a ri se in wealt h of the household will tcnd to 
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raise both at the same time. so the overall effect is theoretical ly indeterminate. Ilowever. 

in sub-Saharan /\I 'rican countries cheap labor availability tend to rcduce thc \\calth elTect 

and thc nct elTcct turns ou t more likely negative i.e. thc substitution crlect outwe ighs the 

\\calth cl'iCct. 

I I' labour markets were perfect. the val uation of household time would simply be the 

market wage rate . Here. however. the shadow value of time is the marginal productivity 

or household tim c. estimatcd using the househo ld production i'unCiion . On L' probkm \\ ith 

using thc measu red shadow wage as a determ ina nt 01' the shadow price of fuel wood or 

the alternative I'ucl is that it depends on endogenous labour supply decisions o f the 

household. One source of imperleetion is the existence of no pecuniary costs l'or family 

members. espec ially women and children. to work out side the home or own li\l'l" . 

Ano ther source or divcrgcllCl.; lx:twccll (measured) market wages and the valLie of time 

ari ses due to seasonal Iluctuations in the labor ma rket. Wage em ployme nt ari ses l'or a ICw 

months in the yea r (e.g .. during harvesting and sowing seasons). when market wage rates 

ri se above the va lue or tim e in household production. In rural area we observe that all 

households participating in \\age employment lI'erc al so in \'oh ed in homc produc ti on. 

I:or thi s reason reported market wage rat es (whi ch pertain to the high demand periods) 

turned out to be substantially above shadow wages (which pertain to year-round labour). 

li enee \\age emplovment earnings were intra marginal. and the margin of labour-lei sure 

choices operated sole ly with respect to home production. 
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Household family size 

Energy demand of household is expected to increase with household size. With 

al 'ail ability or more human power. labour IlliTe allottcd to secure ruel I",ood and or 

charcoal increases. Il owcver. with increasing lilmily size households exploit economics 

or scale in ruel utilization (i.e. thc same amoun t of fuel is used to cook or prepare meal 

lor large househo ld). Thus, even if large family consumes large amount of fuel in 

absolute term, they usc small amount of fue l in relative term. But various empirical works 

conducted on this issue have not exhaustively dealt in dcpth to come up with conclusive 

knowledge. 

Village level fixed effects 

Thi s includes such factors as inli'astructural filcilities, forest availability, climatic 

cond itions (heat required It)]' spacc heating depends Oil the village clilllate). 1'01' instance 

availability 01' abundant I()rest results in houscholds to dcpend on lire wood and charcoa l 

",hile a1a ilabili ty or inli'astructural lileility that link the household to the market will 

acculturate them to utilization or advanced energy lorms such as kerosene, And if the 

climatic condition is cold households need more energy to heat space. Thus, these 

various vi llagc level variables inllucnce household's energy demand dilTcrcntly and their 

ellect is indeterminate. 
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4. EMPERICAL SPECI FI CATION OF THE MODEL 

Under this sec tion. [lU I' emphas is lays on lo rmulal ion of econometri c models that are used 

lo r manipul ation or empirical lindings. The lirst part is devoted to specifi cation 01' the 

al most idea l demand sys tem used lo r estim ati ng the income elas ti cit y or household 

energy dc ma nd . For thi s purpose we usc aggregate houschold expend iture. houschold 

cxpcnd it ure on d ilTercn t sorts of energy and other eovariates or dete rminants of 

ho usehol d energy demand (fu el choice). Under the second secti on, the multinomial log it 

model is spec il ied lo r Illodeling household choice decision among dirferent energy 

categori es . In ract, lo r simp li city of our empirica l investigati on ene rgy used by 

households are class ilied in to three mal or groups. These arc : traditi onal /inleri or fuel. 

advanced or modern fuel and mix nl' the t\\ O I·uel s. 

4. 1. The A lmost Ideal Demand system (AIDS) for estimating price 

elas ti cities of en ergy dem and 

The Almost Idea l Demand System (AID S) was lirst int roduced by Dcaton and 

iVI ucllbaucr ( 1980) and it has become vcry pOJlula r in rccc nt econom ic lit erature [Ic)r 

example . Chambwera , 2004: Asc he and vV esscll s. 1997 : Green 1990; and Alston: Foster 

and Gree. 1994J. It s applicabilit y lo r household energy demand was demonstrated in the 

work by Chambwera (2004) on household survey data collected from Harare Town, 

li mbabwe. AIDS is one of the mos t wide ly used Ilcx ible and standard demand 

spec ilica tions. vl/hile th is modcl possesscs man)' desirable prope rt ics . it ma) be dirtic ult 

to estimate . A \'ariety of approaches to computing elast icities has been used, and some of 

the approaches ma) lead to signilieant errors. To simp li fy the estim ation problem. Deaton 
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and Muel lbauer (1980) (p. J 16) sugges ted using a linear approximation. The linear 

app rox imate almos t ideal demand system (LAA IDS) has been employed in the vast 

majorit) oj' empirical applications o j' the AIDS modcl. ",ith a \ ariet)' oj' formulas to 

computl! clasticitil.!s. 

This study develops the energy mix (fuel choice) modcl as the conceptua l framcwork. 

us ing the household encrgy dcmand or fuel choicc as a start ing point. The energy mix 

model is based on the lilet that in anyone period. rural households use mult iple sources 

oj' energv. Consumer theory is used to underpin thi s reality. and link it to the anah'sis that 

lo llo\\s. System or demand is used in the empi ri ca l anal ys is. In the appl ied work. the 

Al mos t Ideal Demand System (A IDS model ). in linear approximale lorm, as the 

empirica l mode l. incorporales the ef'f'ecls of other household characteristics in add ition to 

income and prices. !\ Illulti-stage budget ing process is used in the all~l1) sis. which 

assumes that hllLl scholds lirst decide on how much oj' their total expenditures to allocate 

to energy. among ot her househo ld goods. In the second stage. they dec ide how much of 

their total energy out la ys to allocate on a spec ili c ruels. 

The model 

The AIDS budge t sharc equations l'or estimation of household energy demand lor 

di i'l c rent energy types was first introduced in to economic literature by Deaton and 

Ivluellbaucr (1980) as mcntioned above . AID S Model in thi s context prov ides a clue on 

the sharc of a given energy in household energy demand in household budget out lay. The 

equation is specified as 
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Wi t = (Xi + .t Yij In Pjt + Pi In(xt/Pt ) + Uitl 
} - 1 --------- (20) 

"hcre. in timc I , INil = P,Qi/X is thc budgct sharc of good i. u" . is a ra ndom disturbance. 

p" is the price or com mociity j . x, is total ex pendi ture. and 1' , is a price index de li ncd by: 

n 

In P I = ll'o + L ll' k In P k l 

k = 1 

1 n n 

+ - L L Y j k In P j l In P k I 
2 j = l k = 1 

------------- -- - (2 I ) 

Us ually in the es timation or demand system us ing AIDS, wc approximate thi s pr ice index 

by the stonc' s index. which is givcn by: 

InP* = I w, ln Pk · 

k 
------------------------------------ (:2:2) 

When thi s Stoll e's index is uscd in mode ling houschold energy demand the model is 

cal led the "I inea r approximatc AI\) S" (LAA IDS). Th is is bccause we used linea r 

approx imation or the price levcl. Ir prices arc highl y co lli near. P may bc approx imately 

pro port iona l to 1' * i.e .. P =1:;1'*. Whcrc 1:; de notcs proporti onalitv constant. In the 

ex treme case II hen I' is exactly (linearly) proporti onal to P" thc LAA ID S model can bc 

used to cstimate thc paramcters or the AIDS model because. then, the LAA IDS can be 

\.\ rillen (in tcrm s or the AI\) S modcl pa ramcters) as: 

60 



} 

+ t3)n(~). 
p* ------------ (23) 

Il owe lw. the relationship between the parameters of the AIDS and it s corresponding 

linear approximati on paramcters is not known. In addition. it is not known whether the 

I.AA JJ)S has sa ti s lilClory theoretical properties. These iss ues notll ithstanci ing. and the 

I. AA ID S is ve ry popular lo r estimating household energy demand rGreen and Alston, 

19901· 

Estimation of Price 1~lasticities lIsing LAATDS 

i\ general definition or the uncompensated elasticities o l'demand from the AIDS and 

I. AAIDS T] ij according to Green and Alston given as : 

dlnQi dlnwi 
'l"Jij = - - 0 + 

dlnP} 'J dlnP} 

_ -Oij + {Yij - t3i dlnp}/w" 
d lnP} 

------------------------ (24) 

Where thcse elasticities rcfer to allocations wi thin the group holding constant total group 

expcnditures (X l and all other pri ces (p, k # j), 0'1 is the Kronecke r delta 

The above equation sa ti sfies a number 01' important properties: 

• Adding-up conditions arc Oij = I. LiY ij = 0 and Li~i= 0 

• The homogeneity condition is LiYii = 0 ; and 
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• Symmetry is relleeted by Yij = Y Ii 

The price index in (2 1) renders non linea r syslcm 01' equat ion Illr price elas ti cities 01' 

demand, Dirlerent literatures came up with diffe rent expressions lo r the elas ti ci ty of the 

group pr ice index wi th re spect to the /' price (i.e. , dlnP/dlnPj or dlnP */dln Pj ), These 

difrerences ca rryover directly into the computati on or compensated elast iciti es (ll ;j), 

wh ich is gi\ 'cn: 

* = (1 f3;) YJ ij YJij + W) + Wi ' 
I 

-------------------------- (2 5) 

:'0 1' instance, in the basic AID S modeL the correct expression Jelr the elastic it y or the 

group price with respect to the /' price is 

dlnP 

dlnP) 
cx) + 2: f'k)lnP k , 

k 
------------------------------- (26) 

Substit uting (26) into (24) yields the correc t elas ticities lor the AIDS model. The usc of 

result ing computing formula fo r AI DS elast ic ities with parameters from the LAA IDS 

helps to s impliJ~v the estimation problem. To obtain the correc t formula t~) r the LAA ID S, 

we dil '/C rentiate Stone's price index wit h res pect to the /' commod ity pri ce and get. 
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dlnP* /d lnPj 

k 

dlnwk 
Wk lnPk -­

dlnPj ,--------------- (27) 

From (5) we ha ve dln\l ,ld lnl' , = b'j + ll 'j . so that (4) may be wrillen as: 

dlnP*/dlnPj 

W k lnPi17kj + Ok;) 

------------ (28) 

The Stone pri ce index has recently becn shown by several authors to makc the parameter 

est im ates inconsistenl. Most au thors all ri bute thi s problem to the lilet that the Stone index 

introduccs a measuremcnt crror because priccs arc not perlCetly collinear. which must be 

lo r the Stone price index to equal the translog price index in (2 1). 

4.2. Effect of Price Norma lization on the A IDS and LAAIDS Models 

The elTec t or price no rm al izati on on the eSlimation 0 1" the pri ce elasticit ies 01" AIDS and 

LAA ID S was examined by Asche and Wesse lls (1997). Given the above model by 

Deaton and Muel lbauer (1980), it can be shown that when all the prices are normali zed to 

unity, the two representations. A IDS and LAAIDS . arc equal when eva luated at that po int 

"I"normalil.ation. The nonlincar Ic rsion "I" thc AIJ) S model. \lith all pricc's normalil.ed tll 

ll ne at some arbit rar" pll int in the data scI. reduces at poi nt o l"norma1 izat ion 10; 

Wi' U i + l3,ln X, - l3iU O' ------------------------ (29) 
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Il owe\cr. at all other data poin ts. the i\ 1J)S speeilica ti ll n remain s (2(l). II ' the subsistencc 

cxpenditure in the formulation of the demand sys tem (which incl udes agg rega te goods 

that cover mos t o r the consumer's bund le) is set eq ual to expendi ture in the base period. 

<.(0 eq uals the predicted budge t share at the po in t of normali zation. This is cl one in some 

empirical st udies at the point where the elasticities are computed. In a simila r lilshion. at 

the point o rnonmrl i/.ation. each equation in 1_i\i\IJ)S model (23 ) red uces to 

W" of + f3)n x , (X, + f3,ln x, - f3,(Xo 
-------------- (3 0) 

this is ident ica l to (29). Howeve r, note that when the Stone price index is used. there may 

be di fferences between (29) and (30) in app lied work. as the estimated parameters in the 

Li\i\IJ)S model are inconsi stent. Thi s prob lem is avo idcd if one of the alternat ive indiccs 

sugges ted by Mosehini (1995) is used. 

i\ceording to /\ sche and ,Vessel Is (19m) the uncompensated elasticity for the i\ IDS 

l110dclundcr pr ice normalization condition is given as : 

E ij f - 8 + (-Vil) 
l-V" 

- (~;,)( CYj + 
n 

2: 
j = l 

------------------------- (3 I ) 



Where 0 is the Krocneckcr del ta. At the po int of normali zation, and when an, is set equal 

to expe nditure in the base pe ri od such that (1, equals the pred ic ted budget share. (] I) 

reduccs to: 

-8 + ("II)) ( ~I) 
W" W" Wi "~ 

--------------------- (32) 

This express ion is identical to the f'o rmula uscd by Cha ll ~lI1 t ( 1987) in the Li\i\IDS 

model. Iluse ( 1994) shows that the correct uncompensated elast icities lell' the Li\i\ ID S 

mode l as eomputcd by Green and Alston (1990) can be written as 

E i j f _ - 8 + ('Yi j
) 

\.-'\/ i ( 

(~J( W j ' + J~ 'Y i j In 

X (1 + J2{ f3 j ln P i ' )
- , 

-------------------- (33) 

Il o\VewL at the point o r normalization. equation (33) reduces to (3 2) . Thus. at the point 

of' normalization \Vhere pr ices are unity. the rormu las Ic)r the uncompensated elasticities 

are equal Ie)!' bo th the AIDS model and its linear approx im ation if a n is se t eq ual to 

expenditure in the base period. Finall y. the reduced ex penditurc elasticity [or the AIDS 

model is gi\'en as: 

'l1 It 1 + 
W" 

------------------------------ (34) 
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Green and Alston ( 1991) showed that this express ion is not correct for the LAAIDS 

model. In Buse's ( 1994) notat ion. thc correct expression is givcn as: 

" 

11 if I + (~) I -
w" I 

2: j3j In p ,/ 
) = 1 

" 
+ 2: j3)n p,/ 

j = I 1------------- (35) 

Il owevcr. at the point of normalization. (35) reduces to (34). As the express ions lor the 

uncompensated elasticit ies and the expenditure e lastici ti es arc equal in both models at the 

point or normalization. the expressions for the compensated elasticit ies. whic h can be 

found using the Slutsky equation. are also equal: 

------------------------- (36) 

I'quation (34) gi\ es us the expenditure elasticities at the point 01' norlwriil.atioll, Thi, i, 

essential Ic)r ou r analysis of household energy demand in rural areas where market lor 

fuel wood and charcoal arc distorted and obtained for free . Since, the pric ing system is 

non existent: the buclget share provides beller mechanism of est imation for the income or 

cxpendi ture elastici ti es, 

4.3. The multinomiallogit model for estimation of household 

energy choice 

The multinomial logit model is used in this st udy to estimate the signilieance of the 

factms hclie\ 'ed to inlluence household's choicc among diJ'li:rent fuels in rural energ\ 
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demand system . Mult inomi al logit moclel describes the behavior of consumers when they 

arc faced with a variety or goods with a common consumption objecti ve . If' on ly two 

di sc rete choices ha ve to be analyzed, the multinomial logit mociel reciuees to a logit 

model. 

Suppllse \Ie ha\ 'C.i possible al ternati ve cnergy IlJrJ11S each consum ed b) household sector 

with some probabilit y q"" m= l. 2. 3 ... M. and.i = I, 2, 3 ... , .I. The mul tinomial log it 

notation expresses these probabilities relative to some bench mark out come, say qMj as 

I'unction of' linear combination or a set o r i explanatory variables, 7:i. 

I I' we suppress the su bsc ript.i Illr the case 0 1' exposition. letting 

gill = F (Z' bill ) ________________________________ ________ m __ (J 7) 

q 111+ q" 

1'0 1' m= 1,2,3 .. . M- I. Propcrty of probability indicates that 

qm = F(Z' bl11) 

q" 

F(Z' bill) __ mmnmn _ __ 
m 

___ 
m

_
m 

_______ (38) 

I-F (Z'bm) 

Whcre the I'unction F (.) is a monotone inc reasi ng functi on in its arguments , because 

q", C (0, I), 13ecause the probability that a household chooses one type orcook ing fucl is 

restricted to lie between ze ro and one. Thi s in turn implies that 

!VI 

1: q III = 1. we ha ve thal: 
m= I 

!VI- I 

1: ..ill.. = 
j=1 qm 

1 - 1 ---------------------------------- (39) - , 
q." 
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Thi s thus defines the /' probability (bench mark probability) as: 

M- I 

qm = {1 + 1: illr' 
j= 1 q", 

M-I 

{I + 1: Q(Z' bj) rl ----------------------------(40) 
j= 1 

The model assumes that households make fuel choice that maximi zes the ir utility. 

More generall y. 

Qill = Q(Z'bm) exp Q(Z' b",) ---------------------( 41) 
M- I 

1+ 1: Q(Z' bj) 
j= 1 

For allm= l. 2. 3 .... M-I 

M-I 

1+ 1: cxpQ(Z' bj ) 

j= 1 

This imp li es that each probability can be expressed in terms of set or explanatory 

var iabks and i:lllunknown set ol'paramctcr vectors bl. b 2, b3 " . . b l'l _l . Lstimation or 

the mode l requ ires speci li eation of Q(.) in which ease it turns out to be Q(u) = 

cxpQ(u) sueh that the specification of Q(.) is log istic. 

When the logit equat ion above is rearranged using algebra. the regression equat ion is 

\\ nltcll as: 

e (bu + b,',+ b,', + ... b",\,, ) -----------------------------------(42) 
+ e (b" + b,' ,+ b, ' , + ... b",x", ) 

The equat ion used to estimate the coefficients is spec ilied as: 

I n ( .!.l!!.!.- ) bo + b I X I + bcX2 + ... b.vI X \1 -------------------------------- (43) 
1-1/1lI 
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I:rom the cqualion lIlll! (I qlll) indicates the odd rati os. In L1Ct. equation 43 has 

expressed the logit (log odds) as a linear function of the explanatory variables (Xs). 

I:quat ion 4:1 all olVs lor the interpretation of the logi t weights for va riables in the same 

\\ay as in linear regressions. ]:01' example. the variable weights rclcr to the degree to 

which the probability of choosing onc firewood alternative would change with a one-year 

change in age of household head. For example. e'H' (in equation 4) is the mul tiplicative 

lirc tor by which the odds ratio would change if X changes by one unit. 

"eonometric lormulation of log likelihood function is used in multinomial logit for a 

given sample data . Particularly. we Ilmnulate the log likelihood as a product DC the 

probabilities of each of the observations in the sample: the likelihood contribution is 

given as: 

M M 

1 = n pr(zi= mlzi )hi'" = TI qhi"'i '" - ------------------------------- (44) 
m = ] Ill "" I 

Where him ~ I(zi =m) for m = 1, 2,3 ... M and whe re q i", stand lor the probability of 

that the ilh dependent variable ta kes the mlh value. 

Generally. the overa ll likelihood can be written as: 

:\ 

l (bl. bz. b3 , •.. bi t) = n 
i= 1 

VI 

n q hi"' ;", ------------------------------- (45) 
111= I 

With the probability delined using the fo rmula delined above . The model assumes no 

reallocation in the alternative se t and no changcs in Illcl prices or fuel attributes . Finally 
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maximi7,at ion or th~ (log) likeli hood will yi~ld the multinomial lo[!it estimator \\hich 

docs replicate the observed dat,L 

The multinomial logit model has good computati ona l properti es cxeept it sufrers from the 

problem of indepcndence 01' irrel evant alt ernatives, That is, in thc model. the rati o o r the 

pro babilities or any two outcomes is independent 01' the probabi lit y o r any other outcome, 

This l'o llows from the initial ass umption that the di sturbances arc independent and 

hom oseedas t ie, 

Remed ial measure ror thi s problem is om itting li'om the model cho ice sets that arc truly 

irn . .:lc\ anl. And the actinll \\ ill nnt change th e parameter es timates S) slcmC1licall}. l'hat is 

exclusion o f these va ri ab les will be inerJicicnt but not incons istent. This is the usual 

Ilaussmann spee i lication test. 

The mockl 1'0110\\ s li'om the assumption that the ra ndo lll di sturbanc~ te rlllS arc inlkpendentl) 

and idclll ica ll ) dist ribu ted 1 Mer'adden, 197-11, In addition, Judge ef Ifl. ( 1985) shcms that 

evcn if'thc nUlllber ol'alternati ves arc increased (Ii'olll 2 to 3 to 4 etc ) the ocld s or choos ing an 

alternative fuel docs not change. 
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5. EMPIRICAL ANALYSIS 

5. t. Description of data survey 

The data used lo r empiri cal d isc ussion or thi s study is eomp ilcd li'om the longi tudinal 

rural household survey conducted by Addis Ababa Un ive rsity. Department of i-:conomics 

in collaborati on \I·ith Center lor Studies or Arri can Fconomies. Oxford University. It 

prov ides detailed info rmation on mul titude of soc io-economic I'ariablcs or ru ra l 

househo lds. The survey touches up on all regions or thc count ry. About 65 perccnt or the 

sample was drawn mainly fi'o m two rcgions (Oromia. 37.2% and Amhara. 27.7%) while 

Tigrai. and remai ning regions together aeeountcd for 8.9% and 26.2% of the sample 

surveycd , rcspect ive ly. At grass root levcl households I'rom each region were sc leeted 

rrl1l11 elilTercnt I illages. The survey has broad outreach cOI'crage and possesses all thc 

desirablc cha racteristics or panel data. 

The quest ioner is organized in to three pri nc ipal pa rts. The first part dealt wi th household 

demograph ics. assets and non-agri cult ural income. The second sec tion is devo ted to 

lluestions regarding agri cultural production and livestock. The last section inqui res 

inlc)I'Imltion on Illod. energy and non Ic)od expenditures. hcalth. women's acti li ties an cl 

the like. In each or thesc parts a number 01' crucial informati on werc inculcated. To 

conduct empi rical inves tigation, thc study usccl thc 1994 and 2000 surveys. Total 

households interv iewed and included in this survey in the year 1994 is 1479. while in the 

) ca r ~()()O the number of respondents grell to 1681 households. 
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The rationale ror usi ng expenditure rather than tota l income of househo ld is that while the 

later is seasonally fluctuating for rural agricultural household, the former is more or less 

sta ble in the short run. In the sho rt timc span, total ex pend iture is a better indicator or 

household's lI ell'lre stat us. l lence instead or income, expenditure oUlla) is used 

in tercha ngeably as a main ladder va riable as households make progressive move up or 

regressive move down along the energy ladder. Iiouseholds make inter ruel switch and 

in ter ruel subs titution in optim i7.ing their energy mi x in multiple fuel usc (ruel stacking) 

system in response to income or expenditure changes. The change could be progressive in 

IIhich case income or expenditure grows and ho use holds respond by il1Iroducing nell, 

diversilied and advanced fuel s in to the ir energy ponfolio (fuel mix), It could be 

regress ive in a se nse that incomc or expend iture or household goes down to which they 

respond by pick ing more inferior fuel s in to their energy mi x. In the cstimation process a 

ri go rous economet ric mcthods or da ta discussions arc employed. 

iVlulti stage budgeting of household decision making is uscd whereby households first 

dec ide on how much to spend on energy in their total expenditure. In the success ive 

stages they decide on how to apportion the IOtal energy expenditure on each category of 

I'uel s. Icnergy consump ti on or household is classilied in to two major categories: modern 

or advanced energy sou recs like ke rosenc, match, batteries and candles, and traditi onal or 

in!Crior ruel s such as rue l wood and charcoal. 

Iiolle\'er. inrormat ion on rural energy price is not read ily ava ilable rendering deterrence 

to our attempt of estimating the own and cross price elasti cities of energy demand. Thi s 

t.:t1lanatt.:s from the ill-runctinning 0 1' rural cnerg: market. rhal i:-; c\j1l' rictlcc dr rural 

households Dr 1':lhiopia I'C\ eals that market prices arc insufiicicnt indicators or I'uel choice 
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as some I'uels can be consumed II ithout being bought in the market. The cost 01' using 

lirewood is dete rmined by the opportunit y cos t 01' householdmember's labour time used 

to gather it li'om lelres ts or woodlots. Suc h inlormat ion on cost or expcnditure on fuel 

wood is known only \0 the houscholdcrs. Rural agr icultura l households may collect 

lirelVood I'rom thcir own private wood lot s. or li'om thc common propcrtl' I(lrcsts at no 

li na ncial cost. This impli cs that le)r such households I'ucl choice is alkcted onl) b) thc 

opportunit y cost IlJrgonc in scc uring it. This is why wc incorporatcd timc spent on fucl 

collection as a major dc tcrminant of household cnergy dcmand ( I'uel choicc) in cxamining 

thc I'uc l stack ing (multiple I'ucluse) beha vior of households. 

The slUd y used expenditure on cnergies and total household expend iturc outla ys I(Jr 

estimating the incomc or cxpend itu re elasticities 01' energy demand (I'ucl choicc) to 

discuss the hypo thesis of energy ladder and I'ucl Slack ing (multip le fuel use) practices by 

households. For rural households. the decision over which fu cl to usc or how much of the 

I'ue! to usc. requircs eonsidcration of sCl'eral important f~lctors. These va riables are 

incorpurated into thc I'unctional spcci lication ol'thc regression equation. 

5.2. Descriptive statis tics o f variables lI sed in analys is 

Tablc I gives dcsc rip tive statistics of the dependent va riablcs and covariates used for thi s 

study. It di sce rns that the averagc sharc 01' inl'erior I'uels in total household encrgy 

expe ndit ure va ried in a range 0 1' 48 percent in the year 1994 to 36 perce nt in the yea r 

2000 exhibiting abou t 12 percent decline. To the collar oppos ite. for the stated period 

range thc share of advanced fuels out 01' total household energy expenditure rose from 52 

percent to 64 percent sholVing equal 12 percent increment. Thi s ind icatcs Inc reasll1g 
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average share or adva nced energy and decreasing average share of the alternati ve in trend 

(lver time. The dilTcrcnce in the sharc o r the two sorts or I·uels in houschold total energy 

expenditure widened I·rom 4 percent in the base year (1994) to 28 percent in the terminal 

year (2000). 

Thi s increasing sha re or modern energy and reverse trend observed for inferior fuel might 

be due to fuel wood scarcity and the consequent ri sing opportun ity cost ol· l·ue! col lcetion 

(as rcllcctcd in the time spen t on fuel collec tion which rose accclerator), at high r'lte ()I'e r 

this period range). res ponse of household to health hazards problem assoc iated with use 

of inferi or fucls or several ot her (' Ictors . Thi s diffe re nce is di ve rgi ng because share of 

advanced fue l is risi ng sharply while that of inlCrior fuel is decl in ing steadil y. The gap 

between the m·cra gc shares of thc two energv catcgories is widened by 75'\10 over thc 

period range 1994 tl) 2000. 

Ii ouseholds spent on ave rage between birr 6 and birr IS per month on in ferior ruels over 

thc pcr iodI994-2000. A relatively higher ave rage am ount of money per mont h (9 birr in 

1994 and 28 birr in the year 2000) 'MIS spent on advanced fuels. This implies th at average 

expendi turc per 11111111h on advanced ruels increased by 19 birr. "hile that orinlCrior ruels 

showed only 9 birr ine rel11ent in between these peri ods. The gap (divcrgencc) in 

expendi ture on these two (llel types increased from 3 bi rr in 1994 to 13 bi rr in 2000. ·f hi s 

does nol. howeve r, tell us the change in the magni tude (qua nti ty) of rucl consumption. 

Since ex pendit ure is a runction or quantity and priee o r I·uel s. this expanding gap in 

expe ndilUre bet\·\een the two rucl categories can be all ri bu ted to change in either or both 

o r these \ ariables. 
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The pro portion or ho usehold that used advanced fuels increased fi'om 83 percent in the 

vear 1994 to 99 perce nt in the year :2000. Thi s may pcrhaps be thc main reason lo r the 

signi li cant inc rease in the sha re o r advanced ruels in the average total energy expendit ure 

or households. The rroport ion or households that uscd in lC rior ruel s also inc reased 

slightl y ['rom 93 percent to 99.9 pe rcent over that period range. That is in the year 2000 

al most all house holds consumed inlCrior fuels in a typica l month at least ones, But thi s 

docs not tell us the intensity of fuel utili zation (i ,e, in terms of quan tity of fuel 

consumption): ra ther it indica tes whcther or no t households used the corres ponding fu el 

in a particular month. 

I louse holds who reported that they consume bo th infe ri or and advanced fuels are grouped 

under mix or inlC ri or and advanced fuels. Their proportion significantl y escalated from 

79 percent in 1994 to 92 percent in the year 2000 exhibit ing about 23% increment. Th is 

indicates that there is signi ficant inc reas ing tcndenC) or household's I'ucl stacking 

behavio r at consuming multi ple fuels over the period range cons idered . Comparing 

var iations in the propo rtion of households that consum e inferior fuel s, advanced fuel s and 

mix or the two ruels, it was increased by 4 percent , 15 percent and 23 pe rcent. 

respecti vely ove r the tim e range considered. Thi s shows that fuel stacking prac ti ces by 

househol d has demonstrated remarka ble incremcn t in trend over time. It a lso impli es the 

tendency or household 's energy consumption inclining over time towards di ve rsity of 

ruels and gradual shi n to advanced energies in trcnd, 

Ii ouseholds respond to scarcity o r one fuel by adopting the alternati ve in to the ir energy 

mix (ruel cho ice). I'he te ncienc) or ho useholds to usc mix or advanced and inlCrior ruels 
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might p~rha ps be allributed to various economic. soc ial and environmental liletors. 

I:conomic lilctors are IVellilre improvements that derive energy demand or household in 

lilvo r 01' bcllcr fuel alt ernati ves. Socia l dimens ion ari scs from household' s de ve loped 

cu ltural preferences, loya lt)' and linniliarity especial ly lo r Ille l wood. Fnvironmenwl 

conccrn resu lt s I'rom cnorl to avo id lo re st dcgradation and d~scrlilieHiion ari sing rrom 

mass dest ruction or lorests. Moreover. ruel spceilic end usc. cook ing or consumpti on 

habi ts, a f'l ordabilit y or rucl s or dependency or cost, and taste or preferences of household 

together with the a rorememioned lilctors play criti ca l ro le in guiding household to move 

lo r best mi x of va ri ous energies chosen rrom ruelmen u. 

Thc gr<lII th or proporlion or households consuming mix or inferior and advanced ruel s 

imp lics increas ing trend in diversity or rue ls in household energy portro lio (ruel mix) 

over time. Rather than completely transiting rrom consumption or inferior fuels to cleaner 

and erlicicnt modern energy alternatives, households mak e the best choice or mix 01' 

rucls. Thi s conlirms to the hypothesis that households gcnerall v uscd dincrent rucls as 

the ir "ellar~ improvcs wh ich acts as a neutraliz ing cas~ lor the simplistic assumption or 

the energy ladder hypothes is. 

Thc ave rage time spent on collecting fuel wood increased rrom 29 minutes to 51 minutes 

over thc period 1994-2000. This might bc all ribn ted to deforcstat ion "hich caused lo rest 

to rcc ~dc and so house holds have to travel rel atively longer di stances to ge t ruel rrom 

lares\. The opportunity cost of collecting ruel wood inereascd as reOee ted in increased 

household expenditure on infe rior ruels over the time range under consideration. As a 
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result. over ti me fue l wood scarcit ies may de vel op which in tu rn leads to deepening crisis 

"I' energy pOI ertl nexus Ill!' poor ru ral househol ds or I,:thiopia . 

Al though average total ho usehold expenditure per month slightl y decreased fi'om 190 birr 

to 188 birr, average energy ex pend it ure rose from 15 bi rr to 43 birr over the peri od range 

1994 to 2000. Average total monthly energy ex pendi ture or household assumed hi gher 

share in ave rage total monthl y ex penditure 1\ ith share a i' 17 percent and 27 percent 

rcspeet il 'C l) in 1994 and 2000, exhibiting 10 percent ri se. Thi s implies that encrgy 

consumption f'or home usc purpose claimed increasing trcnd of share in ho usehold total 

expendi ture, The reason could pe rhaps be rising per uni t price (expenditu re on fuels) fo r 

househo ld to secure fuel to meet their de mand and or inc reased opportunity cost as 

re lleeted in escalated time spent on I'ue l co ll ec ti on. On th,' othe r hand. selecti on "I' energ) 

sorts thil t arc n.:tali\ cly i1l ore expensive in to their l.! n..: rgy mix (ruel choicl.! ) mi ght prov ide 

pan or the j usti liea tio n. 

When we conside r thc min and the max values or share o f household energy in total 

household ex pendi ture, thc min val ue increased li'om 0 percent in the vear 199-1 to 

0.0 I percen t in the year 2000 whi le the max va lue decreased from I pe rcent in year 1994 

to 0.90 percent in 2000. Thi s indica tes convergence over tim e of household ex penditure 

share on energies. It might arise li'om increasing cos t of energy to households with least 

energy to total expendi ture share and cost efTec tive and efficient fuel se lection behav ior 

or househo lds 1\ ith la rge energy to ex penditure share ol'er time. 

In opti mil.ing the ir rucl combinat ion in an energy mix model rura l households tend to 

mO I'e toward s some optimality point ove r tim e, Those with high expendit urc share on 
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energies seck ways of eulting back on their ex penditure by dev ising cost wise ly strategy 

(i,e, bv choos ing to consum e best mix of different energies we re fuels are se lected 

simultaneous ly li'om both inferior fuel s and advanced fuels) , On the other hanl!. overti me 

households ma kc learning process to adopt I'ucl saving stove technologies , Rcason lor 

consum ing no energy in the base year (1994) may be due to the lilet that they consumed 

on ly low grade ruels like dung and residues which are not incorporated in this survey, 

Il owe,'c r. in thc terminal yea r (2000) those very households started demanding relati ve ly 

\110re eflicient inlerior ruels like ruel wood and charcoal andl or pcrhaps modcrn encrgics, 

Thi s prov ides supportive cv idenee lor increasing ruel stacking (mu ltiplc ruel usc) 

be ha vio r or households over time in trend which definitely seizcs the sprite of thi s study, 

Total number o r livestoc k owned by household showed a slightly less than doubled 

increment on average fro\11 4,7 to 8.4 in that period ga p, !lut. land holding size (total 

hector 0 1' LUl d o\\, l1l::d by huuseholds) has sho\\Jl sligh t ch an ge \,)\'cr the pU'j\.)(J. rhe 

incrcase in lVealt h possession or household gavc rise to increase in the opportunity cost 01' 

collecting I'ucl wood li'o\11 forest resulting in to shift towards advanced fuels as a 

conseq uence, Pcrhaps shilt might have occurred towards lower grade I'uels which are not 

included in th is study, 
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Tablc l d esc rip tive s tatistics of varia bl es 

-------
Var iable laot.:1 Y ca r 2000( N= 1681) 

Mean Sid dev Min Max 
va lue va lue 

T Olal energy ex penditure per lllonth(in 

Yea r 1994 (N = 1479) 
Mea n Sid dev M in Max 

va Jue va luc 

~b~il~T)~ __ ~~ ___ ~ ___ -f~4~2~.9~6_~2~8~.I~I _~3 ___ I~I~9~1 _-+~1 ~5.~39~~1~5~.3~3 __ ~0_.~-1~4~2--1 
TOlal ex pend ilure per month 
(in birr) IS8.12 U5.60 15 ~651 190.39 465.36 o 

, 
I Sharl' orl,.'llcrg) in 10\,11 c.\pcmli turc 

. 0.:27 2. -17 0.01 0.90 0. 17 0.75 0 I 
---- ------t-----l----+--"-'-'---+'--'-'--=---+- --+---- - --- ·1----1 

Expcndittll\: on advanced fu els per 
monlh (in birr) 28.34 23 .39 0 166 8.98 13.57 0 130 

Expendilure on inferior fuel per monlh 

J.irl. bi I~ __ _ __ -:;-;;tC~;;-,,--,1 5':.. 0,-.7 ..... ,'--14':.. 7'--'9 ..... _1~0'---_11 2=-=3 ..... 
1

----'6':.. 5':.4 ..... 1----'8~.2=_=0 ..... 1----'0 ..... __ !...:6':.'1~~:z__ 
Share orad,anct.'d ruel in total e llcrg) ~ 

_ _ ___ _ _ _0_.6_4 _ Jl24_. 0 __ +-'--I __ --I----"Oc:.5c::.2__ 0.34 0

0 

_ . II -I~J)I.' 
Share of in te r iOl" fuel in 10 lal energy III 

_ _c _____ +~0'-".3"'6 ____ ~ 2" 0 1 __ OA __ 8 __ , tU-1 _. l!I a 
lJsc adva nced fu c l(yes= I. c lse 0) fl. ...1 · 

0.99 JlI'J _ 0 ___ -'I _____ I -'O::.:. 8:.'c3'---- JlJ~- __ Q... . 1 --::,'-- j! 
l 'se inkrior l·ucl(yes= l. el se 0) .:i! '" 

_ _ ___ _ __ --,-___ I-.:::0.-'--99-'-'9'--+0:.::.2::.::6'---+--=-0-~--'--I--+_'0"-'. 9--=-5--1-'0:.::.2:.::2'---_I--'---0 ____ 1 ---+~ ! 
Usc mix oj' advallced and inlCrior 11 fo.! u ~ 
{,ucltles_ l..:clsc 0) _ 0.92 0. 28 0 I 0. 79 0.40 0 I ~ i, "' 
I·:ducation or household hca d( ncvcr 

any sc hoo l o~O c lse I) 

_ · ___ 1_'0~.3~0'___~0~.4~6~-1-
1"01<11 time spL'nl Oil I'll\.!! colkclion per 

month (i n m inute) 
- -
lotallllllllber or Ji\c SIOC" 0\\ ned by 
household 

- -
'1 olal land o\lIled b) houschold ( in 
hector) _. _ _ 
Famil) SI/C 

50.92 
~ - -

8.36 

1.4 I 

61 (J) 

9.76 

1.1 7 

- _. -- 1..::.6",. 8c::8 ____ 1 . ..::3. 2l_ 
l·ami ly Sl/.C sq uare 

59. 76 
------j-"--'---'-'---=----

J\gL' or housl.!ho ld head ( in Y(' (1r ) 
~9 .25 

AgL' ~ ql1(1n.: 

63 .78 

15.53 

o I a I 
~ ____ +~0c:.:.30 J>A6 _ 

(UO 230 I 2X.X5 281 ~ o ·1 SO 

o 83 4. 7 1 5.93 o 91 

o 8 1.3 8 l.15 o 8 

2 26 6.00 3.05 +---'1 __ .--! __ :2::.:3~ 
-~-~---I -~~--~~~---

4 676 45.33 

21 98 -19. 70 

48.96 

15.5 8 18 
- ,-

I 

159 ' -I 

95 I 

2667.16 1655 .58 ~51 9604 2 7 12.~8 166~.6 5 32·1 9025 

1.23 1.24 0.43 ----, ]' I 
04 8 0 I 

- ---,------,---:--:--~, -:-

Sc" o f household head(lIlale I.e lse 2) 

Male headed household(yes I.c lse-O) 
0.71 

0. ·12 

0.45 ° 0.64 

Source: co mpu ted fro m the EHII S (E lhiopia" R ura l llo use hold survey 1994, and 2000) 
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5.3. Discussion of regress ion results 

5 .3.1. Elas ticities of energy demand 

Expendi ture on dilTerent energy forms and total household expenditure outl ay are used to 

cstimate the expenditu re elast icities of househo ld encrgy demand (f'ucl ehoiee). We are 

also in terested in estimati ng the oll'n and cross price elas ti cities or demand for dirferent 

energies consumed b) household but lack or inllll'mation renders obstacle to our ci'1'lrI . 

The only inlormation we have at ha nd is expenditure on dil 'iCrenl energies. I lenec. under 

this sec tion. lVe deal exc lusively wi th the income/expend iture elasti ei ti es of in fe rior and 

adva nced fuel s. This is because the major indicator or houschold economic power is their 

incomc or expenditure outlay. Il olVever. \\e incorporated in the regression equation other 

,ktermina nt s or household energy demand (I'uel choice) Isee appendix I and appendix 21· 

For this purpose. the study used logarithm or share of the two fuels out of total household 

energy expend iture as dependent variables and logar ithm of total household expenditure 

and othe r determ inants o r household energy demand (rucl cho ice) as cxplanator) 

\ ariablcs. 1'0 examine the income clTcct by computing the expenditure or income 

elasticities. \\e controlled lor other ractors which en tered in to our spec iii cd regress ion 

equation lor parameter estimation in leve l (non loga rithmic lorm). We are estimati ng the 

linear approx imati on alm ost ideal demand system (Li\i\IDS) with normal ized prices. 

llence. lI'e donc a\\a) lVith estimation or olVn and cross price elasticities as energ" prices 

are set to unity. Th is 1I'0uid enable us to inspect thc I'uel usc and energv demand (rucl 

choice) pallern in relation to household's month ly total expend it ure. 
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It provides a systcmatic way ror examining the energy ladder hypothesi s as well as fuel 

stacking (multipk fuel usc) bchavior by thc respondent s, The rorm cr hypothesis stat es 

that houscholds movc ascend ing thc energy ladder from consumption or lll\\ grade. 

incnicient. ineoJ1l cnient and inlerior Illcls to consumption 01' modern or advanced. 

cleaner and effic ient encrgies as their income or expenditure inc reases, The cent ral 

quest ion we arc trying to reckon here is do househo lds respond to income or expenditure 

incrcment by add ing beller. cleaner. effic ient and modcrn fue l catego ri es in to their 

l!l1crgy mix? 

But the hypothesis of rue l stacking (mu ltiple ruel usc) sta tes that households respond to 

incrcased incomc or expendi ture by subtl e opt imization bchavior where by both advanced 

and inlerior rucl s arc consumcd concurrentl y and sim ultaneous ly. Thi s meant that. they 

draw or introduce ncw diversities 01' cncrgies which incl udc combinati on or inlerior and 

mode rn fuels at c'lll ) poi nt in time in to their energy mi x while retaining previously !'lIC! S 

in use as thcir ineomc or expenditure im proves , This in turn means that households do not 

simply make absolute. complete and excl usive switch but partia l and gradual sh in as 

allowed by their budget limit. 

In the case or the cnergy ladder hypothesis, rucl cOllsumption beha\ ior 0 1' households 

ex hibit s vertical ruel diversification. That is they make complete switch fi'OI11 exclusive 

use o r one ruel to cxelusive use of alte rnatives, This fue l diversification occurs up the 

cllergy ladder when income or ex pcnditure increascs and down the ladder if' thi s ladder 
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variable/s ' decreases . Il owe\ er. in fuel stacking (mult iple fuel usc) we get clements of 

both ve rtica l and horil.On tal ruel diversi fication. I lori zontal fuel diversi ficati on in thi s 

stud y is said to occur when households draw more fue ls of assumed equa l leve l of 

enicic ncy, clean ness and cos t at a given point (stage) on the ene rgy ladde r as thei r 

income or expenditure rises. Thi s could perhaps happen due to household's better 

prekre nce lo r the new fucl /s to be added rrom di ve rse angles such as: soc ial. cultural and 

ecological f(tctors. Il owever. ve rti ca l fuel dive rsiliea ti on invo lves add ing or introducing a 

new I'uel type cither as absolute substitute or partial substitute fo r the energy perceived 

inle ri or as the ir income or ex penditure progresses. In thi s case, households make best usc 

or "hat thev can alhml as \\ell as what they have at thei r disposal. I'he Imcr seems more 

realistic lo r poor rural households o r Ethiopia as they usc the marginal increase in their 

income or expenditure more likely fo r unsat isfied basic necessities based on its urgency 

and prioritics andlcast likely lor energies. 

We carricd out the random elkct (RF) and lixed crlec t (1'1:) est im ations and conducted 

the Il aussmann test lor making compari son bet\Veen the two parameter estimates, Our 

decision is reject the null hypothesis2 as the tes t returns out a significant result (see 

appendix 1,2 and appe ndi x 2.2) . Our conclusion is that there is a sys tematic difference 

between the parameter es timates of the random clkct and the fixcd elrcct mode ls. Thus 

\\e can lit the lixed elkct lo r our data in computing the expend it ure or inclllllc' c'I,"tieities 

I'DI' both types or encrgy in this em pirical study. 

I hl' ladlh:r \ ariabk'~ an; th~ l"planalor) \ clriabks u~!.:<.1 in Ihi~ stud) (rdi:r 10 append!, 1 and 2). Bul h~r~ hI ~ompull' 

Ihl..° lll~lllllt: (lr 1..'\lllOndilurl..° l..'la:.llrllll..°~ \\~ lOUlllrolkd Il)1" nlln-t:\p~lldllllrl..' tkllOrllllna1llS (If huusdHlld +,:ncrg~ lkmand 
;\nd l'\xflil'lcnlllil 1(I!larllhlll (I rl(llal huusdlllid ~\pl..'ndilurc IS u!\rd ll11' l1llr ":l1lplrll'al sllld~ 

lhl' null h~P(lIJh::-I"" ... 1;tllO~ 111dllhl..° dl1h:r":IKt: bt:I\\1.:I..°1l 10:tld'fI":lcn", III liwd d'lI.TI .Jlld ralhllll11L'fli.°l'\ l1lmk·l .... I"; 11\.\1 
... ~ ... 11..°11l;11IL 
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va ria ble/s l deercases . Il oweveL in fuel stacking (multi ple fuel use) we get clcm ents of 

bo th ve rtical and hori zontal fuel diversificati on. Horizontal ('uel di versification in thi s 

stud y is said to occur when households dra w more fuel s of assumed equal level of 

enl ciency, cleanncss and cos t at a give n po int (s tage) on the energy ladde r as their 

Inco me or ex penditure ri ses. Thi s coul d perhaps happen due to houschold 's bcttcr 

preference l'o r the new rue lls to be added li·om di verse angles such as: social , cultural and 

eco log ica l factors. Il owever, ve rtical fuel di versification in volves adding or introducing a 

new fuel type either as abso lute substitute or partial substitute for the energy perce ived 

infe ri or as the ir income or expenditure progresses. In thi s case, households make best usc 

or what they can a!'l 'o rd as wel l as what they have at the ir disposa l. rhe later seem s morc 

rea lis tic l'o r poor rural households 0 1' Lthiopia as thcy use the marginal increase in their 

income or expenditure more likely ('or unsati sfi cd basic necessiti es based on its urgency 

and pr ior ities and least likel y l'o r energies. 

We carried out the ra ndom effect (RE) and Ilxed clTeet (FE) es tim ations and conducted 

the Haussmann test l'o r making compari son between the two param eter es timates. Our 

decision is reject the null hypothesis2 as the lcst returns out a significant result (see 

appendix 1.2 and appendix 2.2). Our conclusion is that there is a systematic difference 

between the parameter esti mates of the random effect and the fixed effec t models. ·T'hus 

\\e can lit the I[xed dlCe t l'o r our data in computing the ex pend it ure or incollle l'lasti ci ties 

[(u both types o r energy in thi s empirical study. 

I I"h l' lad dn \ ari ah k" ,m: th l' ("I;plan<lIOI") variahks lISl..! d in Ihis SllId) ( 1'..:11:1' \0 appendi,\ I and 2). Bul hero: 10 l'ompuIl' 

lht' incllll ll.: or c.\ r l'nd ilun' el as tic ities \\C cDlllrolkd 'i) 1" 1l0 1l -c\p<.:nci ilU!"c d":lcrrninanls ll r hll lJSchuld ellerg.) lk'mand . 

And C()l'l'tic lcn l on lo~wn l ilin ll r lll !al household .... \rcnd il un: is usni jtll" Ollr l'lllpirical stud). 
rhl' null h)J111lhl'sis stall'" 111;111hc dll"krcnl"l' bC!\\Cl' Jl l"{)I..'I'i'll'iCIllS (II' li\l'd cn;': l:l dlld r;lIi(hIJIl crii.:Cl Ilhllk·l.., I" I\(>l 

,, ~ sh.' mat 1\" 
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The ovcrall F-s tati sti cs is sign ificant Icll' all thc twclvc va ri ab lcs included in to thc 

regress ion equations (re fer to appendix 1.2 and appendix 2.2). That means we reject the 

null h) pot heses that states that all the coe ffi cients are jo intly stati stica ll y not significantly 

dilTerent from I.ero. Our conc lusion is that the demand equation is statistica ll y 

signifi cantl y dcfined joi ntl y by all the va riabl es incorporated in to the mode l. We tri ed to 

incorporate more predictors in to our rcgrcss ion eq uation but Ilaussmann test turns out 

inaccurate as degree of freedom exceeds twel ve. Thus. the fun ctional speci lications of the 

dcmand equa tion lelr the tlVO fue ls include only twe lvc predictors. Non expenditure 

predictors are mainl y houschold charac teri st ics like household hcad 's agc, houschold 

head's sex. and household head 's education, household famil y size etc. Village leve l 

e rI eets likc time required lc)r fuel co ll ec tion (access to I'ue ls) and househo1cr s \\ealth such 

as total numbcr o f li ves tock and land hold ing sizc arc also included in the equations 

spee ilicd lor est imation of thc dcmand sys tem. 

The parametcr estimate of household dem and lor inlerior fuels arc obtained by rcgress ing 

log expcnditurc share of the fuel out of houschold total monthl y energy ex pend iture on 

household' s log total monthly ex penditure. The negati ve sign of the paramcter estimatc 

on inleri or fuel s (rele rring to appcndi x 1.2) reveals that dcmand Cor these so rts of cnergy 

dec lines with ri sing household total expend iture. This implies that these fuel s which 

mai nl y include fuel wood and charcoal are in filct inferior goods. Households arc 

gradually sh ilii ng ,may li'Om use of inlCrior fu el s to\\ ard s modern fucl s but thev are not 

maki ng a comple te. absol ut c and exclusive S\\ itch from one fuel use to alte rnati,·cs. That 

means fuel slVitching and inter fuel substitution takes pl ace as part of' household 's 

smoothing their int erim tota l consumption cxpenditure over ti me and depends on the 
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interaction between diverse factors described above. Energy transition occurs as part of 

household economic transit ion. 

Il owel er. they make a progressive move towards using multiple IlielS chosen li·om array 

of fuels (ene rgy mix) . Thi s underpins the reality of econom ic theory that consumers 

maximize their utility by choosing to consume the best mix of goods with upper bound 

limit se t by their budge \. It provides justification for househo ld· s fuel stacki ng (multipl e 

fuel usc) stra tegy in which case households lirst look in to their mone), in pocket and 

choose alfordable fuel types from the menu of energy array. Otherwise. as a last rc so rt 

they swi tch their fllel consumption to lirewood whi ch is li·ee ly collect ible bLlt with all the 

repercussion health and envi ronmenta l efreets associated with its use. 

In contrast. the parameter es timate or advanced I·uels which is ob tained in a similar 

tilshion is positive testimony that these fuels arc normal goods (refer to appendix 2.2). 

Their demand increases with rising ho usehold total expenditure or income. With advance 

in economic welfare of househo lds. we observe that they swi tch in favor of modern and 

cleaner ruels. This result boosts some support to the energy ladder hypothesis as 

households respond to progress of th ei r Income or expenditure by adopti ng mode rn 

energy lorms in to their energy mi x. However. households generall y /can to usc more Illel 

types as their income or expendi ture increases instead or completely switch ing to cleaner 

alternatives. That means they diversify their [llel both ve rt ica lly and horizontally to make 

best usc of their resources. Thi s in turn implies that households switch between different 

fuels in optimi/.ing their energy mix as their income or expenditure progresses. I \ere they 
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more likel y diversiCy their energy towards advanced I'uels as their eeollomie well~lrc 

1I11p rOn~s. 

Drivi ng Coree behind such behavior of households is that inclusion of more ad vanced, 

modern and cleancr fuels in to their energy portfol io (energy mix) req uires purchase of 

additional ancl perhaps new appliances su itabl e l'or the new encrgy iJ1lroduced. Moreover. 

prelerences of househo ld tm-vards energy specilie end usc also playa vi tal role Illr 

househo lds bcing stacked at consuming mix of inferior and advanced ruel s 

sim ultaneously rather than abandoning the form er completely in response to welfare 

progression. Uncler certain ci rcum stances, cerrain types or roods arc cooked using mainl y 

a particular ruel type and fuel combinations. To this dTeet. in the rural part of Uhiop ia 

l'or cxample baking of bread is done using animal dung and crop residue whi le enjera is 

prepared using ruel wood . leaf or crop residues. It is not poss ible to use kerosene to bake 

bread or preparc enjera which is merely used ror lightening purpose. The reason may be 

due to non-replaceable use or some or these energy sources and cultural preferences and 

tastes of households. 

In addition. uneerrainty about the supply of the rucl, afJ'o rdabil ity of the fuel and 

conven ience or expedience of fuel use by consumers also play pervas ive crucial role ror 

household fucl stacking (m ultiple fuel use) practices exhibited in thi s emp irical stud y. 

These I ~lctors preclude household's complete switch decision li'om usc of infe rior fuels to 

advanced alternati ves as their income or ex penditure grows; rather it allows pa rt ia l shih 

to modern fue ls whi le retain ing inlCrior fuel s still in their energy or fuel mix. '1'0 put 

precisely. progress ion of income or expendi ture is not the only facto r defining household 
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energy dcmand (ruel choice ). Il ypot hesis or ruel stacking (multipic I'ucl use) appears a 

neutralizing case fo r thc extreme position held by the energy ladder hypothesis . 

Therel() re, hypothcsis of fuel stack ing or mu lti pic fuel usc sounds more app licable as well 

as plausib le for explai ning the household energy demand (fuel choice) of rural part of 

Ethiopia than the energy ladder hypothes is. 

We computed the expenditure or income elasticity of inleri or ruel using eq uation (34), 

\I hereby the mean share of inferior fue ls out of total household energy ex penditure fi'om 

table I above was used in place of Wil and coeffic ient of log total household expenditure 

as a predictor in the li xed elket model given in appendix 1.2 substituted Ic)!' [3i. Applying 

this formulation to our regression result. thc cx penditure or income elasticity 01' demand 

lor in lCrio r rucl is calculated and stood at 0.90 in 1994 and 0.87 in the year 2000 whi ch 

arc less than unit y. This indicates that demand for inferior fue l is cxpendi ture or income 

inelastic. A given pereentagc increase in household total expenditure gave rise to less 

than proportionate percentage increase in household demand for inrerior rucl s. That 

means lire wood collection is cssentiall) inelast ic with respect to improl'ement in li ving 

standard o f households even in rural areas. Interes tingly enough, thi s result is consi stent 

with the finding obta ined by Baland et al. (2007) for Nepali 's households which states 

that li re\·\ood collection is essentially inelastic with re spect to improvement in li ving 

standard (which lI'e approximated in thi s study by total household income or 

expenditure). 
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The decrease in the computcd elastici ty over thc period range considered indicates that 

thc response or household energy dcmand for inlerior ruels to thc total expend iture or 

household dynamically dwindled over time. That means these I'uels arc becoming less 

and less important in sharing household budget or total expenditure allocation. The aeute 

shortage of fuel wood due to the pro longed and rapid deforestation toget her wi th the 

consequcnt rampant forest degradat ion that the country is recently experienc ing may give 

part of cx planati on for sueh outcomcs. Th is argument provides some support to the 

cncrg\' laddcr hyputhcsis as dcmand Il,r rucl "oud and charcual which arc cunsicicrcd 

inlerior or traditional fuels shrank with increased total household expenditu re. 

Tablc2 Expen diture or Income elas ticit ies of infer ior and advanced fuel s 
rc-- -

---~ Lncrgy Parameters Year 

-
Category , 1994 2000 

~--------- I-~ - r .------ - ~-- --I 
Traditional W il 

0.52 0.64 , 

(Inferior rue Is) ~-

B ~0047 ~0047 
I 

11 it 0.90 0.S7 

--
!\dvanced ruels W 0.48 0.36 

II 
I 
I 

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

r 
0.033 0.033 

11 it 1.06 1.05 

~ -----
So urce: computed from ERIIS (Ethiopian Rura l lIousehold Survey, 1994 and 2000, 
based on desc ripti ve statistics given above and Appendix 1.2 a nd 2.2) 
\-Vhere the paramete rs arc defined as: ViI! is the budget sha re o f energy type i in lola I household 

clll?rgyexpenditure. Hi is the cocnicicnt OrlOlal hOLlsehold expenditure as pn:clictor in L'stimalion 

o r demand for interior fuels and advanced fuel in the fixed effect model. llil is Ihe elasticity or 

energy demand for each or the ruel catego ri es. 
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Similarly. applying the same rule we computed the incomc or expenditure elastici ty of 

demand [or advanced fuels. As we expect it is greater that unity indicating that demand 

lor advanced fuel is clastic with respcct to houschold's total expenditure. A given 

perccntage increase in househo ld log total expenditure gave ri se to more than 

proportionatc percentage increase in dcmand lo r advanced fuels. That means as income 

or expend iture of household increases, they will respond by adopting or introduci ng more 

and more modern energy types in to their energy portfo lio (energy mix). The abso lute 

magnitude of the elasticity stood at 1.06 in the year 1994 and 1.05 in the year 2000. 

Ii ouseholds arc stepping up the energy ladder with rise in their income or expenditure but 

various other I~tct()rs hamper complete and exclusive switch between different I·uels. 

Here too we observe decline in the calculated elasticity in trend over time but the gap is 

sma ll compareci to that of in ferior fuels. As the result inciieates. this emanates li'om 

dimini sh ing share of ac\I 'anccd fuels in total house hold expenditurc. Though lI'e arc not 

cxplieitly dealing with the issue in this study. the decline in the expenditure elasticities 

might perhaps be attributed to inc rease in income or expenditure elas ti city of demand for 

mix ofinleriOl' and ad va nced fuels. 

This result provides consis tent. solid and supportive evidence/argum ent to the economic 

literaturc that lkspite the income constraint. huuseholds preiC r the normal good 

(advanced fuels) to the interior goods (inferior fuels). Although there is no complete 

sl·,iteh or shin this supports the hypothesis that households lend to use more of cleaner 

fuel alternatives and less of traditional fuels as their total expendi ture rises. They may 

perhaps substituted advanced fuels lor inlerior fuels as thei r income or expenditure 
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JI1creases while retaining certa in portion of' inferior fuels in their energ) portrolio (fucl 

mix). 

More general ly. the stud), s re sult dep ict ing elastic demand fo r advanced fuel s and 

inelastic demand le) r inferior ruels indicates the increasing desirc fClr comfort and 

discretionarv in household ene rgy consumption patlern \I ith improvement in li ving 

standard . It rellects househol ds ' al truistic and instinct behavior of maximizing pleasure 

(assoc iated \\ ith using advanced fuels) and minimi/.ing pain (associated with using of 

inte rior ruels) as their welfare improves. To thi s effect , i\rnold et al .(2006) obtai ned 

simil ar observa tions argui ng that houscholds switch thcir fuel usc from biomass to 

modern cncrg:-. sources as a country dC\'dops and incomes incn:asL:. illlpl~ ing that 

lirc\Vond is an inrcrio]' good. 

Consumption 0 1' in lerio r fuel has two opposi te efrec ts on household wc lf~t re when it is 

used IClr home purposes. The utilit y it de livcrs such se rvices as cook ing. heating and . ,, '»e, 

lightening gives it a characteristic of public good: ",hile the smoke emission with hea lth 

ri sk. environm cntal degradati on. deforestation and ecological de struction makes it a 

public bad . f he later is the pai n we reICrred to above which households seck to mini mize. 

Thererore, the weighted net out come or these contrast ing effects determines household 

demand or choice lor such fuels as lirewood and charcoal. 

I lowe\er. \Ie should ha\e to bear in mind that though thl' l'xpcnditure elasticitv (11' 

demand f(lr inferior ruels are ine lastic. the desc ripti ve stati stics d isc ussed in the last 

sec ti on re\ eals that almost all households arc consuming inferio r ruels. This means 
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inferi or fuels particularly fuel wood shares signilieanl part and parcel of rural househo ld 

energy consumption. On the other hane!. the house hold' s expenditure clastic demand for 

adva nced fuel and expenditure inelastic demand lo r inlcrior fuel te st imonies that had 

thcrc been a pave way lo r gcnerating high ineomc, rural houscholds prclc r ad vanced fuel s 

to inlcrior fucl s. 13ut non expcnditurc or non income Caetors mcntioned above come in to 

play lo r househol ds to retain inlcri or Cuc ls still in their fue l choice or energy mix. This 

argumcnt al'lirm s our stand point expla ined above that I'ucl stack ing (multiple fuel use) is 

a better working hypothesis desc ribing the energy demand (fuel choice) of rural 

households 01' Ethiopia. This issue of Cue l staking (multiple fuel use ) is illustrated more 

deeply in the forthcoming scc tion. 
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5.3.2 . Multinomiallogit es timate to analyze household fuel stacking 
(mu ltiple fuel usc) 

The multinomial logit model provides systematic means 0 1' studying a complicated 

ceonomic agent's choice decision when choices arc made li'om morc than two 

alte rnatives. In thi s case ordering o f alternatives docs not bear infl uencc on decision of 

economic agc nt s. This paper uscs mu ltinomial logit est imate of the determinants of 

houscho ld choice decision between di fferent ene rgy sorts consumcd Ic)r houscho ld home 

use purposes like cooking. hea ting and lightening. It is used thus to scrutinil.e 

empirically and test the subject or household fuel stacking (multiple fuel usc) strategy in 

a morc rigorous fash ion. 

Household ruel choice decis ion in th is case is made between infe rior fue ls which include 

lirewood and charcoa l as a basic I·ue!. and advanced ruels like keroscne. match. halleries 

and candles. and a combination or the t\\'o energy categorics as a third alternative. I lere. 

howewr. wc cannot comment on the relative importance of fuel types as it onl y indicates 

whi ch rucl is prc lcrred to wh ich by household and not the intensity of fue l consum ption 

as expressed l'o r example in te rms or am ount of cxpenditu re inc urred by ho useholds on 

each or thc fuel category. TherelcJrc. l'o r simplicity 01' empirically analY/.ing and testing 

or ruel stacking (multip le ruel usc) behavior or houschold. mu lt inomial logit model is 

used whcre wc grouped consumers in to three majo r ca tegor ies in terms or ma in fue l 

consumed by houscholds. Namcly. those whose main fuel is inferior fuels. advanced 

I'uels only and a mi x or advanced and infe ri or fuels. 
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The dependent va ri ab le is thc fuel choice (i nle rior fue l and mix or inlerior and advanced 

rue Is) with advanced ruel taken as the relcrenee cho ice. I:stimated eoe i"li eient s measure 

the estimated cha nge in thc log it lor a one-unit changc in the predictor va riable while the 

other rererencc (Ol11i llCd) variables (advanced fuel s) are held constant. A pos iti ve 

estimated eoc f"fieicnt or pred ictors in the model impl ics an increasc in the likelihood of 

ho usehold' s choosing the altcrnati vc ruel. A negati, 'e cst im ated eoei'l ieient indicates that 

the re is less likelihood thal household will change to al ternati ve fuel. I'-va lue indicates 

whether or not a change in thc predictor significantly changes the log it at the specified 

acceptance level. That is. docs a change in the corresponding predictor va riable 

signilieanll) alTecl the choice or the response category compared lO the ret(;renee 

calegory" II ' p-value is grcaler lhan lhc aceepled eonli dence !e,'cl. lhen lhere is 

insu i"l ieient cvidence lhal a change in the pred ictor afieels the choice or responsc 

ealegory fi'om reference category. These p-values arc denoled with stars on lhe 

eoeflieients o r respeetivc predielors (rcfer to lablc3). 

I:or our illuslralion lhc mullinomi<ll logi l cs lima les are prcsenled in la hld helo\\'. 

Advanced I'uels arc the hasc category (omilled or relCrencc calegory) "ilh which lhe 

eSl imaled cocClieicnls arc lO be eomparcd. I-Iere the rcsponse categories arc inferior fuel 

and mix or inlerior and advanced ['uel s where as the advanced ruel is the reference 

ealcgory. To ohlain erticicnl cSlimalors o r the modcl. lhi s sludy used Robust slandard 

errors reponcd in braekels. 



Tabh.' J multinomial logit cs timatl' of thl' choices of household betwel'l) infl'rior, advanced 
a lld mix of inferior and ad vH lll'cd furl s (ad va nl'cd fu c l tal<.en as has t' catc Jorv) - - ~ ~ - - ~ - - " -- -- ~--, 

()~pendent variablcs 
I ex pl anato ry variables - --~--~ - - - -- - - -

InlC ri or Itlcls Mix or inlCrior and 
advanced fuels --

Total monthl y expcnditure -0. 0 I -0.001 
(0.002) (0.002) 

Mo nt hly ex penditure on 0.34** 2.53 
advanced ruels (27 1) ( 1.41 ) 
Mont hly expend iture on 5. 62 3.37 
inferi or (tlel s (2 .69) (1.32) 
Scx or head (I irma le -0.21** 0.16** 
otherwise I.ero) (0.51 ) (0-1]) 

1 1 ': ducal i o;;-~; h()us~ h o l d - -
- ~.85 -O.~O* * 

head(alle ndcd I. clsc=O) (0.66) (0.43 ) 
- - --~ 

Time spent on I'uel -2 .42 -0 .45 
co ll ection ----- - (0.38) (0. 18) 
Total number o l'l ivestock 0. 10** -0.02** 

- -- (0 17) (0.05) --
I.and hold ing size -3.42* * -0.01*** 

- - -- -_. -- jlQ, 77) 
-~ -~-- r--$°} L - --

hlmily siz.e -O.OS** -O.3~*** 

(024) - -- - -_._. - - ---- - - _. _ -- - - (O.23L - -~- --
I:am ily size squa re 0.006* * 0.02*** 

(0.0 14) (0 .02) - - - - - -
-0 .28 -0.05*** 

Age o~ouseh()ld head (0.08) (0.04) 
0.003 0.001**' 

Age or head square (0 .001) (0.001 ) 
-4.36*** 2.36 

dUlrl-'11)'200Q~ - ~ 

{2.82 L - -~ - - «()A7) - -
6.1 7 -I.]D*** 

Constant (2.42) (0.96 ) 
Wa ld chi 2(22) 

6243. 12 ---
Num ber or obscrvation 

27 13 271 3 --, , , 
SOllrCl': l'omplItcd frol11 hRII S (I<. thlolwln rllraillouschoid su rvey 1994 lind 2(00) 
RobuSI I . sta tistic !-. in parenthesis. 

** Significant al 50/0 . *** s ignificanl a l 10/0 

--

The d~pendent "'Iri able is ° if t h~ mai n I'uel consu med by household is inrerior rue l: Ii i' 

th~ main ruel is mix ori nrerior and advanced fuel and 2 iri t is advanced rucL 
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Ho usehold tota l expenditure 

I iouse hoid to tal expenditure or income re ll ec ts their economic power or wel fa re status. 

The energy ladder hypothcsis statcs that households make progression rrom consumption 

or in lC rior fuel to wards c1eancr, cffi cient and ad va nced or modern encrgy ro rms as their 

economic wellare improves. Il ence household total incomc or expenditure is thco retieally 

expec ted to ncga ti ve ly influe nce their choice decision for in fe rior fuel in comparison to 

ad vanced fuel alt ernati ves. 

In thi s stud y, thc ncga ti vc sign of coc fii c icnl on inle ri or I'ucls and mix " I' inkri or and 

adva nced rucls co rresponding to lotal household cx pcnditure as prcdiclor suggcsts that 

househo lds wilh hi gh tOla l ex penditure are less likely to se lect eithe r inferior fuels or the 

mix or inferi or ancJ advanced ruels away from advanced fuels. Thc estimators are 

stat istica ll y insignili canl evcn at 1% Icvcl or prcc ision. Our result suggcsls that 

households arc more inclined to 1.la rds se leclion or advanced ruel s as comparcd to 

inreri or fuels onl y or mix or inkr ior and advanced fucls as main fuel whcn Iheir total 

expendit ure ri ses. In thi s light. supporti ve evidence was given by Barnes , KrLlnti ll a and 

Il yde (2004 ) and I:aye (2002), who pointed out that the increase in income ofhoLi sehold, 

give ri se to decl ine in the percen tage of consumers who choose to consuillc tradilional 

rue ls and increase in percentage of co nsume rs II'ho consu mc adn ll1 ced ruels. 

11 01Veve r. as the ck script ive stati stics implicd inle rior f'uel is rarely ent ircly excluded 

rrom Ihc encrgy mix of ru ra l households. This ind ica les that rather than gi ving up tOlall y 

Ihc ink rior ruels: hlluseholds arc slackcd al consum ing multiple ruel typcs (bolh inlerior 

and modern ruel IClrIllSJ al an)' stagc or thei r economic dcvclo pment. rh i, linding thus 
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suppo rt s both the encrgy laddcr hypothesis as house holds go Il)r modern energy It)]"]ll as 

their ex penditure or income increases. and I'uel stacking (multiple I'uel usc) pallern as 

they op t to increase proportion or modern fuel s and never give up consumption of inferior 

ruel s al l in all. 

That is to say. as expenditure or income of household increases they will not completel y 

abandon inlCrior rucis but make progress to wards consumption or mix or inferior and 

advanced ruel s. In addit ion to f~lctors stated in the previous sec tion, fuel stove or 

app liance which is mos tly traditional in rural areas constrains household 's demand to 

Ilexibly switch com plete ly from inferior fuel s to modern fuels. Moreover. various other 

Iflcto rs discussed abo\'\: accounted I'DI' this result. 

Ilere control ling lo r att olher fflctors. we observe that with ri se in thc income or 

expendi ture n l' households . they will increase the proportion of ad vanced Cuels in their 

energy portloli o (energy mix ) but will not completely switch away rrom inrerior ruels. 

I lousehold s in de veloping countries like I: thi opia do not switch to modern energy sources 

but instead tend to consume a combination of Cuel s which in thi s case may include 

intCrior and advanced ruels as main sources of ene rgy. However. whil e income or 

expenditure is an important va riable. there arc numerous other factors that we need to 

cons ider in discuss ing househo ld energy demand (fuel choice). Di scussion on some of 

these \ariables lollm\ s suit belo\\'. 
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Monthly expenditure on inferior and advanced fuels 

The eSlima li on resull suggesls Ihal higher monlhly expendilure on advanced fuels 

inc rcases Ihe likcl ihood Ihal house holds choose either so lely inferior fuels or mix of 

inlcri or and advanced fuels to advanced fue l it se lf. At 5% prec ision level. the likelihood 

of house hold to se lee l inferior fuel away from ad vanced fuel s as expenditure on the lal1er 

increases is stali sli ca ll y signi licanl bUI l'or Ihe mix 01' inferi or and advanced fuel s il is 

insignifi ca nt at all precision leve l. hf)\.ve \ 'cr. 

This re sult sugges ts that there is some degree or substitutability between the two energy 

catcgori cs, But we cannot commcnt on the extent of substitution effect as Ihis issue needs 

ene rgy priccs to exam inc the cross price elaslicities, Ilul shortage of inlclI'Imltion on rural 

energy prices deters such al1cmp!. This resulls from dclicienc) or il l-fu ncli oning rural 

energy market relleelCci in non availabililY of encrgy pric ing ins trumenl and it va ri cs 

from village to village and from rcgion to rcgi on making it dillicult to usc common price 

index, For rural agriculture househo ld thc markel is nOI smooth ly and efficiently work ing, 

Ilencc energy demand is not casily understandable as advanccd fuels arc so ld in 

mulliplicilies of small and I'ragmcllled mark CIS and infcrior I'uels arc col lecled at ze ro 

linancial cos!. In addition, the opportunity cost of galhering fue l wood depends on wea lth 

possess ion of houscholds and accessibility of forests (fircwood) which varies Ji'om place 

10 place, 

The posili vc coenicienl corresponding III monlhly expcndilurc on inkrior t'uel s as a 

prediclor suggcsls Ihal Ihe likelihood of house hold 10 se leci inferior fuel s or mix of 
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inrerior and ad vanced fue ls away fi'om advanced ruel increases with increase in amount 

or budgCI al lolled on inlerior ruels. Bul il is insignificant al influenci ng Ihe choice 

decision of household at all prec ision Icvc l. 

Gender of househo ld head 

Men and women have different vicws regarding household fue l choice issucs in the rural 

part or I·:thiopia. l ienee. l'or empirical analysis. Ihe paper emphasizes gender differences 

as eenlral 10 our underslanding or household f'llel choice bel ween Ihe thrce allernative 

energy lorms fe)J' household home usc purposes. In Sub- Saharan Arrican countries as in 

olher ck veloping countri es fuel collection is traditional ly considered as the lask 

performed by femaic and children. Th is convers ional division of labour be tween different 

occupations makes us to expect ICmale headed households to more likely prefer inferior 

I'uc!s to acil anced ones. 

The study' S rcsult given in tabid conform s 10 Ihis argument as Ihe coenicienl on the sex 

or household head is negative and significant. That means male headed households arc 

less li kely to choose inICrior fuel s compared 10 advanced fuel s. However. posi live and 

signili eanl cocl'licienl corresponding 10 mix or inler ior and advanced I'uel s suggests thai 

ma lc head cd households are more likely to choose mix 01' inferior and advanced fuels 

ralher Ihan advanced fuels. The ol her side of the coin conveys Ihe faci that lemale headed 

households le nd 10 preler inferio r ruels whi le male headed househo lds lend to prefer mix 

of inlerior and ad vanced fuels com pared to Ihe base category (advanced fuels ). Sex of 

household head is stalislically signilicanl al 5% level of precision in inlluencing Ihe 
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likelihood of household choice decision lor inle ri or fue ls onl y or mix or inlerior and 

ad vanced fuel s alVay from advanecd I·ucl s. 'fhis implies that there is suflicicnt evidence to 

argue that gender or household bears elfect on choice decision o f household among 

difkrent energy sons. 

Ed ucat ion of household head 

The level of educat ion o f' house hold head is expected to have a negative effect on the 

prefercnce or houschold towards inlerior fucls. We expect that the more educated the 

househo ld head is. the less likely is the probabil ity or choosing inferior ruels as main ruci 

comparedln adva n c~d ruel s. Thi s is because high level or education improves knowledge 

or household on ruel allribules, and changes their tastes and prelercnees lor beller ruel 

alternal ives. It also increases income or household which then can be used to purchase 

modern fuel s and appl iances which arc comparatively marc expensive. In addition, a 

highl y educated house hold hcad is more likel y to lack timc to co ll ect firewood andma) 

prc f'cr to usc Ih~ alternatives. 

J:d ucalion al so improves awareness or household about the impact of using inferior fuels 

on foresl degradalion and deforestati on. and effect of smoke cmi ss ion hazard on hea lth 01' 

IC male and children whi le cooking. These and va ri ous other fa ctors interp lay a critical 

ro le in di\Trting demand or house holds with educalCd heads tOlVards consuming 

ad vanced fucl s. Citrus pa ribus. the marc educated thc household hcads arc . Ihe less is 

likelihood thai Ihey prefe r inferior fuel or mix of inferi or and advanced fuel s as main fuel 

in compari son to advanccd fuel. 



From our estimation result reported in tabid above. the ncgative sign or the eoeflicicl1l 

or cduca ti on or household head corresponding to the dependent variable inll:rior ruel 

indicates that the mo re ed ucated the houschold head is. the Icss likely that inlerior fuel is 

chosen as a main fucl away f'rom advanced ru el. Th is also holds for the likel ihood of 

choosing a mi x of infer ior and advanced f'uel s but here thc coeffic ient is stati st ically 

signilicant at 5% le\'cl o r prcei sion. 

Household family size 

Iiouseho id lam ily size is theorctically expectcd to posit ively af/ect choice of houschold 

for inll:rior f'ucls. This is bccause largcr household 111mily sizc may mcan largc r labour 

input. ",h ich is nee dee! Icll' lire\\ ood collec tion. The impact 01' household 111mily si/.e on 

their prell:rence lo r al terna tive I'uc!s is ambiguous. because greater household 111111ily s ize 

means incrcascd dcmand 1'0 1' cnergy but also increased possibi lity of fuel substilUtion. II 

is also assumed that it is cheapcr to cook for many people using firewood than using its 

alternatives. Thi s is beca use pCI' un it pri ce of inferior fuel is lowcr than per unit prices of 

its a lternatives. Other things bei ng equal. to leed Illan) people requires a lot 01' fuel on 

aggregate. l ienee. the expectat ion is that households wi th larger t~lm ily si/.c wil l prele r to 

lise more inf'erior ruels. The reason could perhaps be it is comparatively cheaper to use 

these rue ls to cook 1'01' many people and it has a lower consumption rate per unit of time 

compared to the alternati\ es . 

Il o\\e\er. from tablcJ . we see that the negative and significant eoei'Jicients (,I' inlerior 

ruels on I) and mix or inl'crio r and advanced fuels suggests that households arc less likely 
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to choose inrcrior or mix of infcri or and advanced fuels away from advanced fucls as 

linnil v sizc incrcascs. I'art of thc rcason may lay in the exploitation or cconomics or scale 

associ ated lVith rclative ly less pcr capita encrgy demand lor la rge r ho usehold lilmil y sizc. 

That mcans addi tionalmcmbers of households beneli t rrom thc I'ucl consumpti on or othcr 

mcmbers re sulting in exploi tation o l"cconomi es of scalc. 

Ii ouseholds with larger famil y size are more erJic ient in their fuel utili zat ion as same 

amount of fuel can be used to eook la rge amount of food. However. the negati ve 

cocflicicnt on household linnil Y si/.c is not a reasonable outcome and \\c have no 

support ive argumcn t on sllch ou tcomcs. Rather according to [)cmurger and Martin (2006) 

househo ld liunily size has concave effect on fuel wood col lect ion. In thi s study, however, 

thc pos iti ve and signifi cant coeffic ient of liunily sizc square implies that thcre is 

nonlincarit) werc by as family size increases thc likelihood of household to choose 

inferior l'lIc]s only or mix or in lcri or anc! ad va nced fuels as a dUlllillant J'w . .:1 i:l\-Vay I'rol11 

advanced fuel s increases at an increas ing ratc . 

I:rom view point o r economic theory, it is expec ted that the likelihood of households 

choos ing inrerior Ii.le l only or mix of inferior and advanced fuels in comparison to 

advanced I'ue ls incrcases with incrcasing lilmil y sir.c (more labour ava ilable It)\" fuel 

collection). The out comc or thi s study, Ihe negative cocflicient on thc houschold lamily 

size as a predictor is consis tent with !\lem et al. ( 1998) and Oucd raogo (2006) who 

observed that household lamily sizc is one lilctor fo r reduced consumption of fucl wood 

and instead increased usc of alternative fucls. The resu lt or thi s cmpirical study indicates 

that though positi vc corrclation between lilmily sizc and choice in lilY Or or inferi or fuel s 

100 



or the mix Dr inlCrior and ad\'anced I'uels is \'iolated, the lamily si/,e square conitlrm to 

thi s trut h, 

AGE OF HOUSEHOLD HEAD 

The negati\ 'e eoe l'li cien t in our study's result on age 0 1' household head as a predictor 

sugges ts tha t the older arc the head s, the less are the like lihood that households choose 

inreri or ruels onl y or mix or inferior and advanced fuel s as a main fuel away from 

adva nced fuels. The reason may perhaps be due to heads being themselves aged and 

incapable to co ll ect fuel wood rrom forest. The local experience of Eth iopia revea ls that 

old aged households are depcndent on their ch ildren for farm ing and (lt her ta sks, Hut 

househol d chores like wate r re tch ing and rue! collect ion are perlllrmed b, their grand 

chi ldren whic h in mos t cases is unlikely as they go to sc hool or se rve their own parents. 

So they may subst itute lower grade alternati ves li ke dung and res idue which they can 

obta in at least eff(lI'l and arc not reporl cd in this su rveyor pe rhaps switch to advanced 

ruels. 

Il owe\,er, younger household heads can them se lves co ll ec t rue I ('rom la rest to reduce 

(save) their ex penditure on advanced ('uels which are relati ve ly more expenSIve, 

Contrasting argument is that the age of household head is expected to influence fue l 

choice through deve loped loyal ty and fami liarity for in ferio r I'uels. Old aged households 

havc ItIllg hixtol'\ o r usi ng lire\\'ood (traditional ruels) and therell l)'e lad Ik.sihilit) tll 

give up those ruels and switch to avai lable alte rnat ives. The older the household head 

citrus pa ribus, the more li kely households wil l contin ue using firewood as their main fue l. 
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The result of the findi ng ind icatcs that age of household head is not significant at 

explaining thl: choice ul' inkrior rue! away I'rom advanced rUL'1. Ihlt it i~ -;i!.!nilicanl at 

cxplaining the likelihood that households choose mix of' inf'e ri or and advanced fuels away 

f'rom advanced fue ls. On a sha rp contrast, howe vcr. the pos iti ve coe rti eien t of age square 

of' house hold hcad indicates that cho ice of household for inferior f'ucls increases non-

linearl y at an increas ing rate as compared to advanced f'ue ls as age of' household 

increases. The sa me reason holds lor the probab ility that household choose a mix of' 

in lerior and advanced Illels compared to advanced fllel s bu t in th is casc the cocffic ient is 

signili canl al I % precision leve l and for the former not. howcvcr. 

Time for fuel collection 

Thc nega lil'C sign 01· coc i"licients on timc It)!" f'uel co lleCli \ll1 in Ihe slud{s result indica lcs 

Ihat the more is the time required to collect fuel wood and or preparing charcoal. the less 

likely it is that househo lds se lect infcr ior fuels or mix of inferior and advanced fuels as 

main I·uel compared to advanced fuels. That is as opportunity cost of collecting fuel wood 

inc reases. households arc more likcly to switch towards the beller m·ailablc cnergy 

al ternatives o r perhaps switch to wa rds low grade f'uels. Thi s implies that the two fuels 

arc substi tu tes as we ll as complementary to some extent. The cost of rire wood increased. 

thus. chal lenging the already staggering li ving condition of households in ru ral Eth iop ia. 

To cope with the situation households keep on diversify ing thei r fuel towards a least cost 

combina ti on of fucls in the energy mix mode l and they exhibit multipl e f'ucl usc (fuel 

stacking) s tra ll'g) . 
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Thai is as scare ill' or ruel wood se ls in (develops), household 's labor li me required 10 

colieci il increases 10 which Ihey respond by subslil uti ng the alternati ve fuel in to their 

energy mix. This may perhaps give a reasonab le explanation for signi fi cant shin of 

ho useho ld energy demand (fue l choice) li'om consumpl ion of inl!: rior fud s onl) or mix of 

inl'cri or and ad\'anced fuels as compared to advanced I'uel s lVith inc rement in time l'o r fual 

col leclion as predictor. In Ih is light. I leit berg et a l. (2000) put supporti ve argument for 

this perspective Slating that l'orest scarcity and increased timc l'or fue l wood co llection is 

among thc major lilCiors causing reduced consumpt ion of fuel wood and instead usc of 

alternati ve rueis. 

Dummy 2000 

The nega live and signilicant coe fficient estimate on dummy 2000 suggests that 

ho useho lds arc less likely 10 choose inlcrior Cucl s away I'rom advanced ruels in Ihe year 

2000 compared 10 Ihe yea r 1994. II indicales Ihat overtime household' s demand or 

preference shined rrom consumplion or inf'crior fuels towards advanced or modern Cue ls 

as main fuel other things kepi in taci. 

1I 0IVel er. the posi li ve coe fficienl corresponding to the mix o r infe rior and advanced fuels 

suggesls that households arc more likely to choose mix of inlcrior and aeil 'anced ruels 

compared 10 advanced fuels in the yea r 2000 than 1994 . Thi s suggesls a shili towards 

mix of inlhior and advanced fucl s over timc, The likelihood of choosi ng inferior fuel 

away from advanced fuel is signilicant at 1% leve l of precision bUI insignificant for mix 

of inl!:rior and advanced fuels al all leve l of significance. Thi s indica tes Ihat Ihe fuel 

Slacking (multiple fuel usc) pracliccs bl house hold has LiCml)nSlraleci remarkable 
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improvcment in the year 2000 compared to the base pe ri od . I iouseholds tend to shili 

graduall y towards consumption or different energy mix choscn [;'om cncrgy array (fuel 

mcnu) Iha n solcly infcrior fuels or advanced fuels. 

Hou sehold wealth 

Thc mllrC lives loek households possess. the more limc all otted 10 it s rea ring thus reducing 

time l'o r fuel co llcclion. I lowcve r. IWO fac ts negate th is idea. Fi rst, households with more 

li vestock can obla in morc anima l du ng Ihat serves as a subs lit ute for fuel wood or 

cha rcoa l reducing demand (p relc rcnce) l'o r ruel wood. Secondly. li me for rucl wood 

co llection and charcoal preparati on may bc complem enlary to catt le rcarin g. That is 

househo lds can obtain these rucls while they arc gra/.ing lives tock. Morcover, t'uel wood 

and charcoa l may bc obta incd while clca ring forcst or bushes l'or farm ing acti vit ies. In 

general. to put in a morc prec ise language ('u el co ll ection or charcoal preparat ion can be 

pcrf'o rm cd compl cmcntar ily togc ther with other lanning and non lilrming aetiv itics. 

mak ing it dil'li cu lt to es tim ale ex pcndit ure (opportun ity cos t) or shadol\ price or in lc ri or 

I·uds. 

We expcc t that thc morc land owned by houscholds. the more likely that households use 

inlCr ior I·ucls. Thi s is due to poss ibilit y or obla ini ng rue l wood fro m o\\'n pril'a te trees at 

their di sposal and probably at a relat ively leasl cos \. The result 01' the linding is consisten t 

with our expec tat ion. The pos iti ve and sta ti stica lly signifi cant parameter esti mate 

suggests that the large r is land holding size of ho usehold. the more is the likelihood of 

choosi ng inlcr ior ruels or mix or inferior and advanced fuels compared to advanced fuels. 
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The paramcter est imate 01· eoe rli eients corrcsponding to total number or livestock is 

plls iti vc and signilicant indicating that the more li vestock owncd by household. the more 

likel y it is that households choosc inlerior fuels away li·om advanced fuel s. However. the 

negative coefficient corresponding to mix of inferior and advanced fuel s implies that the 

morc livestock owncd by househo ld the less is the likely hood that they prefer mix of 

inlCrior and advanccd ruels to advanced ruels. Iloth parameters arc statis ti ca ll y signi lican t 

at 5 percent Ic\'cl or prccision pointing out that there is suflicient evidence that these 

prcdictors bear effect on choice decision of households. 
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6. CONCLUSION AND POLICY IMPLICATION 

Lnvironmcn t mallcrs grcally to thc poor. They direc tl y or indireetl" deri, c thcir 

li vcl ihood rrom the environmcnl. l1ut the re is a nced to assure sustainability or suc h 

services for the future generation. What makes things worse is communal accessibil ity o f 

such services in whi ch case no one bears inccnti ve to preservc. Particu larl y fuel 

collcetion from forest cxh ibits such characteristics as it is freely accessib le to many rural 

households. Furthermore . thc concomitanl impoverishm ent 01' quality or lili: or thc rural 

socie t, lea, es thcm with no recourse than dcri ving thcir basic necessi ties rro m the 

cnvironmcnt. This re sult s in to energy pove rty ncxus and conseq ucnt ecological damp 

and enviro nm enta l decay wh ich developing countries arc current ly experiencing. 

I' ucl \\ood co llection rrolll common lorest Illay pcrhaps bc the leading cause o r lorcst 

dCl!radat ion and dclc)restation in Sub Saharan Arrican in !!enc ral and Lthi opia in - -
particular. Due to growing pressure on forests and conseq ucnt ruel wood scareitics. thc 

cost of lircwood increased. either in co ll cct ion time or hea lth problem creating challenges 

lo r the al ready staggering li ving conditi on in such economies. 

Mos t households 01' iCthiopia have sporad ic and scasonally lluclUating incomc which 

creatcs disincenti, 'c to di ve rsil)' th ei r cnergy demand (fue l choice) particularly to modern 

and cos tlier energy alternat ives. This com bined with prolonged human sC lllcment and 

clearing or lo rest resou rces lo r agricultural expansion and ruel wood purposc di st urbecl 

thc natural ecological balancc prolouncll) . 
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In an allcmpt to deeply envisage the issues 01' energy demand (ruel cho ice) or ru ral 

household or J:t hiopia. this study used panel survey col lected in the year J 994 and in the 

year 2000. Previous ly conducted studies used data from only one loca lity (village), few 

cities or regions and extrapolated a generali zed conclusion. Il owcvcr. in this paper we 

used all region inc lusive data. appropr iate and data admissible as well as fu ll ) speei li ed 

econometric mode l to boost concrete and sol id ev idences lo r contemporary household 

energy demand (ruel choice) literature . 

As prescntcd in the literatu re rev iew. pionee r studies dea lt with the issue of fue l stacking 

(multipk fuel usc) in va ri ous othe r parts o r the world. But the subject is nut adequa tel) 

explored lor Sub-Saharan A li'iean countries in general and rural Ethiopia in part icular. 

The resu lt of this study supports the hypothesis that households tend to use multipl e fuels 

in optimizi ng their energy dcmand as a response to inc rease in their income or 

expenditure. This means households dra" more and new diversity or ruels 1'l'Om energy 

me nu in to their energy mix (ruel choice) as their expenditure grows rather than 

abandoning pre\ iously ruels in usc. They are sa id to ex hibit fue l stacking or mu lti ple fucl 

usc behavior where by both advanced and inferior fue ls are used concurrentl y and 

simultaneously at any stage of econom ic development and at any given point in tim e. 

/\ s the computed elasticities imply house holds arc inclined to choose more clean. 

enieient and advanced I'ucls than inferior fuels in to their energy mi x as their total 

expenditure increases. This implies that with improvement in quality of li fe . households 

exhibit increasing desire lor eom lort and discretionary in their energy consumption or 
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I'uel choice, They are tryi ng to step up in to consum pt ion 01' advanced ruels but never 

abandon inlCrior rucls completcly. This mcant that thc)' make best use or what Ihe)' can 

aflo rd (advanced fue ls) and what they can obtain at their di sposal (inferi or fuels), One 

poss ibl e arca 0[' po li cy intervention thus is concentrat ing on encouraging ru ral residents 

to substitutc advanced ruels lor fue l wood. 

Ii ouscho ld s will not make a complete transiti on ['rom cxe lusive usc or one ruel to 

exclusive use a i' the al ternative. Tha t is to say that change in I'ue l consumption by 

ho usehold is not a smooth transit ion from biomass fuel to commercial fuel s, but continual 

switching between different combinations of fuel s in a process of fuel saek ing (mult iple 

I'uel use), Thi s fucl di versiliea ti on and inter-I'uel substituti on practices 111' houscholds can 

help them te) discourage use 01' tradi tio nal ruels and to e)ptimil.c thcir rue I choice in their 

~nc rg)' IllIX. 

Ii ouseho id expend iture depends on their purchasing power. Ilowever. purchasing power 

is dependen t on the income, quan tit y o l'the Cuel consuill ed as we ll as the relati ve prices or 

ruels. Rura l households have meage r ineoille which they use to cover va ri ous 

expe nditures based on it s urgency and prioriti es. Shocks like the sky rocketi ng price o C 

oil current ly the world is exper iencing leaves poor rural households with no option rather 

than pick ing more inCerio r fue ls which they can obtain at free of any linaneial cost in to 

the ir cnergy mi x. Furthermore, inlla ti on degrades the pu rchasi ng power 01' households to 

\\ hic h they respond by making intcr ruel switch and inter ruel substitution, in th is case to 

lo\\er grade fuels, 
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Inferior fuel is not necessaril y cheap due to the health smoke problem. environmcntal and 

eco logica l imbalances resulting fi'om fuel wood consumption. Fuel co ll ec tion also 

reduces educa ti on enrolm ent of rural soc ieti es cspcciall y children as it competcs in time 

lor such aCli, ilies. ThereJ'ore. excessive dcpendenee or household on biomass and uther 

inJC ri or ruels ends up in scvcr eco logical des lruction and resultant global warming, 

clim alie change and droughl Icading to famine laslly. l lence government po li cy makers 

and concerned organs should crcate protec ti ve scheme to cut back on the bad result a11l 

COSl on env ironment. 

To relicr the growing pressure on natural foresl and combat deepening cri sis resulting 

I'rom fue l wood consum ption. po licy makers should intervene in rural energy sector. But 

th is is rarely performed in de ve lop ing countries as rural households arc marginalized and 

largc ly ignored. Sueh segmentat ion. however. creates im balanced growth of lhc 

econol11),. T here is pl:ss imis ti c atti tude regarding policy in lervent ions targeting on 

remcdying rural energy cri sis in poor coun tries li ke Elhi opi a. Th is is because encrgy 

dcmand in rural sc t up is not easil y inn uenccd by po li cies as fue l wood is collecti ble at 

I.e ro IInaneial cost. So. gove rnm enl policy instruments like subsidizing advanced fuels 

have less cJ'll cac)' and e lTecli vcness at inllueneing house hold encrgy de mand (fucl 

choice). 

As a resu lt. households may have little incent ive to di versify their energy consumption to 

available allernali ves onl y due lO income or ex pendi lure growth. Thus poli cy makers 

shou ld havc to devise appropri atc slralegies thal ca n acti vel" address the problem. For 

instance. keeping the prices 01' modern energies 10ller could lo some exlenl shili 
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houschold demand to thosc sorts or fucls. 13ut inacccss ibility of modern energics may 

precludc suc h ncx ible inter fucl substituti on decisio n by houscholds cnd ing up in 

subsidi zing richer households with probably bcttcr access to modern energies. Moreover. 

energy cnd usc specilicity for household consumption also bears deterrcnce to such 

ll e" ible ruel sh ili Hnd rucl switch . Ii ouscho lds cannot casi ly subst itute a"a\ l'r0111 

consumption of one I'uc l to ava ilabl e alt erna ti ves . Therefore, rural households have less 

potential for ruel switch ing. 

Thc income or expcnd iture level at which househo lds mak c inter I'uel switch is vc ry 

cri tical lor poliC) intervention . To aehic\'c cnergy transition by household it ta kes timc 

lag. That is energy transitions arc varied in terms of timings of transition period and 

transitiona l fuel s consumed. It is not a one time sudden switch but needs long time 

hori zon. Complete transiti on I'rom consumpti on of inferi or fuel s to modern fuels requircs 

holisti c socia l. economic, cul tural as wc ll as idcologica l changes of thc wholc society. 

Ilo\\c\cr. Iln rura l Suh-Sahara n African countries th is is a \\~r: lung (erm dream tu he 

achieved. 

As stated in the literaturc rc view scc tion. cven in thc dc veloped coun tries like LJSA and 

lC uropean countries fu el wood (infer ior fuel ) played a dominant ro lc until the mid 19'h 

ccntur). Il owe\'c r. economic development and technolog ical progress made poss ible 

transit ion to modcrn encrgics. But fo r rural Sub-Saharan Africa n count ries it may take a 

long unlorcseea ble ti me to makc complete switch to modern fuels. 
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The lack of adequate energy se rvices in rural areas of de ve loping countries has soc ial and 

cconom ic dimensions as well as se ri ous environmen tal and hea lth efrects. The prob lem is 

furth er exacerbated by the use of simple technologies characteri zed by low cnergy 

cl'lie iency and harmful emi ss ions. Usc of inferior (dirty) fuel bears health hazards from 

smoke part icics especia ll y on children and women while cooking meal. For deve loping 

coun tri es in general and rural Sub-Saharan African countries in particu lar hcalth problem 

arising li'om smoke of fuel 1I'00d is among the leading ca uses of carl l' childhood and 

women death. With increasing scarcity of quality fuel. traveling re lative ly longe r distance 

as we ll as usc o f in fe ri or fuels such as du ng and residues has different im plica tions on 

\.I·omen health. Thu s po licy makers shou ld take precaution interve ntion to mitigate the 

resul ting bad consequences. 

Pove rty remains one of the dri ving forces behind environmental degradation and 

ecological imbalances. Improv ing energy services lor poor rural households in 

devel oping countries thus remains one of the most press ing challenges. Since there are 

multila rious links bctlleen pove rty and energy: ei'l()rt to alleviate P(}\'CI't\ is imposs ih le 

lI'ithout lirst all eviating ene rgy pove rty. And thi s cou ld be done through the economic 

empowcrment of households. 

In add ition. the usc of advanced energy source is inhibited by inability of households to 

ai"l(ml the price . In addition. inaceess ibilitv of the sen icc acts as the majo r deterring 

loree. Tradition. religion. lack of stove and the like al so interplay a criti cal role as we ll. 

Therefore. ease of access and consistent ava ilability of fue ls are important lac tor tha t 

determine the ex tent of and or permanence of fuel switching in rural households. 
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The negat il e sign on time lor fuel collect ion indicates that ruel wood sca re it)' fo rces 

ho useholds to switch either to lower grade fuel s like anima l dung and crop residues or 

advanced fuel s. Inc reased burning or dung and crop res idue. however, depri ves the so il o r 

important nutrients and hence red uces so il fertility. Thi s adverse ly affects the 

pl"Oductivi t)' o r ag ric ultural sector which is thc mainstay of the economy. Hence such 

kind of fucl switch is not pl"Omisi ng and may cause deteriorati on of economic 

pe rlo nnanee. 

At the household leve l. clean energy can Improve health and general we ll-being, 

part icularly o r women and children. by lowering indoor-air pollution leve ls assoeiatcd 

lIith the usc or biomass and so lid ruels. Ilut the inadequa te energy access ibility to rural 

hlluseholds o r Ihird l'l orld countries ( li ke Su b-Saharan Ali'iean countries) threatens to 

dampen economic growth. hobbles developmcnt. and kce ps li ving standards low. In 

gencral. thus for low- income rural households, energy is a crucial factor lo r gell ing out of 

poverty traps. 

In thi s stuch" the dcmand 1'01' advanced I'ucl is cxpenditurc clas ti c and I()]' infe ri or fuel it is 

expenditure inelastic. Thi s lays concrete ground lor pol icy makers to interve ne in rural 

energy setup. Targeting on increas ing income of households will cause shifi of their 

energy de mand toward s modern fuels. I lere. however. issue o r energy suppl y comes in to 

loells. llence ba lanced energy demand and suppl v growth is a pa ramount important. Fuel 

dive rsilica ti on and inter-ruel substi tut ion by households can therel(lre help thcm to 
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di scourage usc 01' traditional fuels and optimize their rue l choice in the energy mix (fuel 

portroli o). 

Sub-Saharan Ali'ican count ries. typically Ethi op ia in thi s case ha ve hugc potential in 

natural resources. The country has enormous potcntial to generate hydroelect ri c power 

which could avert thc deepcning cri sis in the energy sec tor. Iloweve r. it demands huge 

capi ta l investment to spread the elect ric power service to ru ral soc iety at large scale. 

I,vcn dc mand 0 1' urban and semi urban areas is still unmet. This is where supply 

dcpendency comes into playas a detcrmi nistic variable lor household encrgy dem and or 

I'uel choice 01' rural I:t hi opia. Access to electricity is lo r instance. totalh lacking Ihough 

the country has tremendous potential lor hydroe lect ric power generation. 

1'00 1' countries arc thcrefo rc handicapped by linancial. infrastructural. and technological 

Irlctors to mobili/.e resources anc! rcal ize potent ialities. l3uilding technological capabi litics 

and innovations arc very key ingredients to success lo r these countries bv enabling them 

to I'ull y utilize resources and make progress ive move or transit ion of the entire economy. 

Il ere. energy transiti on or fuel swi tch to modern lorm wil l occur as part or transition of 

the econom ies. 

The other promi si ng area ll l' poliC) intervcntion is encouraging the bill I'uel (biogas) 

genera tion and its adoption by rural households. That mcans some traditional forms of 

encrg) can be converted into more efll cient and usct'ul modern energy form s. For 

instance. biomass can be conve rted into li qu id or gas fuel s. Thi s cou ld be done at 

t"l'lati\ ely modest !inancial cos t bu t needs provision 01' trai ning and kno" kdgc creation 
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alll ong the vast maj orit y 01' the society, It also reqUIres high linancia l outlay I(l r 

purchas ing equipment and implementing the project. So, carerul exam ina tion or allthcse 

1)lctors should be accomplished to elTcctively implement the program, 

Widesprcad bio rucl gcneration and it s consumption practices by large segment of the 

soc ict) ac ts as a panacea l(lI' the dc vas tating delorestation we currently experience , 

Thc rel(Jre, bio I'ucl (b iogas ) could be one area or ru cl di l'ersili eation J(l!' rural households , 

The surpass ing perl o rmance or thi s so rt of ruel is it s ability to reli er eco logical 

disturbances and health hazards allributed to fuel wood consumption and generation of 

ICnili/.cr as a residue. Therefore, it sounds and proves very economica l to diversily into 

bi o i'uci than in to more advanced and costlier ruel a lternati vcs. 

The result or thi s study stating that educated households prerer ad vanced ruel s to inferior 

ruels create loop l'o r educational poli cy intervention in rural areas or the country. '.1 

Lquipping rural resicients with ed ucati on specilicall y targeting on environmental issues 

like a J'i llres tati on. own private land 1()J'estry or tree pl anting II ill acquaint households with 

,,,,areness of the eflec t or their action on the natural environmcnt. It al so casts an insi ght 

in to win-\·\ in elkct or education or household head in all eviating ru ral energy poverty 

nex us. Since education or household head increases the opportunity cost of labour, 

households can shin their labour from fuel wood co llec tion to incomc generating 

act i\ ities . VloreO\·cr. It)]' address ing the ram pant loss or na tural lo res t. enacti ng J(\J'est 

protection lall proves beller appli cablc po li cy instrum ent. 
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I.'ue l switching is gradua l and time taking process with households exhi biting fuel 

stacking (multi ple fuel use) beha vior in response to changes in the underplayi ng f~l ctors, 

i'o liC) makcrs have an option or economicalh cmpollcring rural pl,,)r hl)useholds to 

di versiry their I'ue l usc (ruel consumption), This enab lcs them to tack le the consequences 

or fire wood consumpt ion on healt h and eco logical imbalances and globa l climati c 

wa rmth and thereby rehabilitatc the environmen t. In thi s regard, policies should be gea red 

to wards promoting intcr fuel subst itution and illler rucl switch by supporting households 

linancially andtcchn ieally to adopt improved stoves that can save ruel and reducc health 

problcm associated with smokes besides assuring availab ility or divers ity of I'ucls to rural 

energy users. 

In light o f this argumcnt. in I:thiopia cnergy sav ing stoves likc mirte and I.akech has a 

prO\ en advantage lor reducing the amoun t or ruel consumed and to a\ oid thc hcalth 

hazard problem aris ing from smoke em iss ions, Il owevcr, di stribution of these stoves to 

large segment of rllral society dema nds huge capital investment as it is madc up of 

cement which is costly, Morcovcr. in rural area the re is inf'o rmation asymmetries and 

dissemination problem ICJr hO ll seho lds to adopt improved stove technolog ies, 

I.' urthermore, fuel switching may sometimes lead to f'ood switching, In response to rue l 

scarcity households switc h to easy to cook foods, Energy demand or fue l choice of 

household has st rong im plication fa r their nutrition status, This could res ult in to 

malnutrition th,n ends lip in \ ario ll s diseases, ThcrcICH'c, policy intel'\ 'cnti ons targeting on 
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lood securit y and eradication of those diseases should give due attention to thi s liai son 

between energy switching and food switching heading in to malnutrition. 

As prese nted in the abovc paragraphs. thc re su lt s or th is empirical study ha'·e importa nt 

poli cy im plications and recommendations. I kncc design orappropriatc po licy instrument 

and its implementation is critically indi spensable in the energy sector of rura l economics 

to rehabi litate the environment and reduce health risks as well as to tack le global cl imatic 

change whi eh is devastating the contemporary world sc ienti sts. It is also important lo r 

implementati on or the United Nat ion mill ennium deve lopment project which 

recommends hal ving numbcr or houschold s using traditional biomass lor cook ing by 

20 15 whi ch wou ld involve about 1.3 billi on people switching to other fuel alternatives. 

iVlore studies arc the refore needed to be conducted in the areas of household fucl stack ing 

(multiple fuel use) to examine the importance o f the issue pertaining to house hold choice 

dccisi on bctwcen di ITerent energics in various ot her pa rt s or the world. 

To sum up. the result of the linding indicatcs that as income or households grows they 

start to demand morc divcrsilied energy sources. There lo re. policy intervention is 

deemed cri ti cal to 1 ~lcil i tatc household welrare growth and assunng sustai nable 

availability of divers ity of energies lo r rural households. 

116 



BIBILIOGRAPHY 

(\licoti. 0 .. Idowu. D and Fal egan, T. (200 I) Could Fuel Wood usc Contri bute to 

I iousehoid Poverty in Nigeria? Biomass & Bi oenergy, 2 J. 205-210. 

Adh ika ri, ll.. Di Falco. J and Lovetl. (2004) Ii ousehoid characteri st ics and Forest 

Dependency: Evidence from Coml11on Property Fores t Managemcnt in Nepal, 

i:coloQ ical Lconomics 4 X(~). 1,,)5 ~57 . 

Alam. M .. Sathaye . .1 and I~ arncs. D .. (1998) Urban Iiou schoid I'ncrg) Usc in India: 

iOITi cicncy and Poli cy Impli cat ions. I::nergy Policy 26( I I ):885-891. 

Alenlll. M. (1999) Rural Household Biomass Fuel Prod uct ion and Consumption In 

Elhi opia : A Case Study", .I ou rnal of Fores t J: conomics, 5( 1):69-97. 

(\m acher. G .. Il yde, Wand .I oshee. n. ( 1993) .I oint Produc ti on and Consumption in 

Tradi ti onal Ii ouseho lds: Fue l Wood and Crop Residues in Two Districts in Nepal. 

The Journal oj' Development Stud ies, 30( J ): 206-115. 

Amacher. G .. Il ycle . Wand Kanel K. (1996) Iiousehoid Fuel Wood Dcmand and 

Supply in Nepal's Tarai and Mid-Hil ls: Choice between Cash Outlays and Labor 

Opportun ity. Worl d Development , 24( II): 1725- 1736. 

Arnold. M. , Kiihlin. G and Persson, R . (2006) "Wood fuels , Livel ihoods, and Policy 

Interventions: Changing Perspectives". World Develo menl. 34(3). pp. 596-611. 

Arnold. M .. Kohli n. G .. Persson. R and Shepherd. G. (1003) hlel II Clod 1'C\'isited: 

What has Changed ovcr thc Last Decadc') CIFOR Occas ional Papcr no 39. 

Asche. F and Wesse ll s, C. (1997) On Price Indices in the Alm ost Idea l Demand 

System. American .I ournal of Agricultural Econom ics, Vo l. 79. pp. 1182- 1185 

l3 akcl'. l) .. 1 ~lundell. Rand MickicwrighU (1989) Modeling Energy Demand and 

Ii ouscho id Welfa re Us ing Micro-Data. The Lconomic .I ourna l. Vol. 99 . No. 397. 

(Sep .. I <)X 9). pp. 720-73 8. 

l3aland . .J.. 13ardhan. 1' .. Das. S .. Mookheljee. J) and SarkaI'. S. (2007) The 

I'nvi ronmenta l Impact or Poverty: Evidence fi'om I:irewood Co ll ec tion in Rural 

Nepa l. Indian Stati stical Institute. Delhi 

117 



Halestra. P and Ne rl ovc. M. (1966) Pooling Cross Section and Time Serics data in the 

Ls timation of a Dynamic Modcl: thc Dcmand for Na tural Gas. Econometri ea l. 34 . 

585-61 2. 

Harnes. J) and Fl oor. w. (1999) "Iliomass I,nergy and the Poor In the Deve lop ing 

World" .Journal or Intcrnat ional Affairs 53: 237-25 9. 

Harnes. Douglas. I: and UuQian. (1992) Urban In ter-fuel Subst itu tion, Energy Use 

and I~qu ity in Deve loping Countries. World Bank Industry and Energy Department 

Working Paper, Encrgy Series Paper 53. Washington. D. C. 

13arnes. Douglas. I: .. Krutilla. K and Il ydc. W. 2002. "The Urban I·: nergy Transition 

I:ncrg). Poverty. and the Ln vi]"()nmcnt: T\\ o l)ccades 01' Research .. · I:mth COllling 

Ilook Volumc. 

Harnet. A. (2000) "Lnergy and I:ight Aga inst Poverty"; Department for International 

J)evelopment(DFID). Livelihood Sector Report. UK. 

l3camont. .J and Keys. P. (1982) "Future Citi es Spatial Analys is of I,nergy Issues." 

RPS (Research Study Press) . 58 13 Station Road. Leteh woI"I Il el"ls. SG63131 :. Lngland. 

l3crekel.k .. Alma/ .. . 1l and Kedir.I ·: .(200 I) "Can the urban poor alTord Mo(krn 

I:nergy? The CAS I: OF ethiopia". I:nergy Policy 30: 1029 1045 

13havan and Karekez (1992) I: nergy lor Rural Development, Zed ltd book. USA. 

IllulTstonc. R. (1995) The UTect of Labour Market Performance on Deforcstation in 

Develop ing Countries Under Open Access: An Example from Rura l Nepal. Journa l of 

Environmental Economics and Management 29. 

Bruce. N: Perez- Pad ill a. R and Albalak. R. (2000) Indoor Air Po llu tion in Devc lopi ng 

Countries: a Major I:nvironmcntal and Public I lcalth Challenge. Bulletin o J" the World 

Ilcalth Organization. 78(9): I 078-92. 

Iluse.!\. ( 1994) " I:valuating the Linearized Almost Ideal Demand System." Amcr. J. 

Agr. Leon. 76:78 1-93. 

Campbell. IL Vermeulen . .I and Mabugu,R. (2003) "The encrgy transiti on in action " . 

Reso urces 101" the Future. Washington, D.C. Dah l. Carol. 

Cecelski . E .. Dunkerley . .J and Ramsay. W .. ( 1979) Ii ouschoid [nergy and the Poor in 

the Third World. Report R-1 5. Washington. D. C.: Resources for the Future. 

118 



U 'SEN. (1986) lxccutivc SUllllllary. L:thiopian National Encrgy COIll III ittce. 

Mini stry oJ' Mines and Energy. Addis Ababa. 

Chalf~\Ilt. J. (1987) A Globally Flex ible. AIlllost Ideal Deilland Sys tcill . J. Bus. and 

lecon. Stat ist. 233-42. 

Challlbwcra. M. (2004) Econoillic Analvs is oJ' Urban I:uel Woocl Dcmand: The Case 

01' I larare in limbabwc . World Wide Fund Ii)!' South AJ'rica Reg ional l'rogralllillc 

Offiee (WWF- SARPO). Wageningen Univers ity 

Chaudhuri . Sand l' fa rf. A. (2 004). "Fuel Choice and Indoor Air Quality: a 

Iioliseho ld-L.e ve l Perspect ive on Econom ic Growth and the Env ironlllent", 

Departillent of Econoill ics and School of International and Public Affairs Coluillbia 

Un iversity. 

Chen. 1. .. Il ecrink .N ancl van den IkrgJv1. ( ~ 006 ) Energy Con suillption in Rural 

Ch ina: A HOllsehold Moclel for Three Vi llages in Jiangxi Provincc·· . lecological 

leconollli cs.5 8(2):407-420 . 

ChiPlll an. O. ( 1999) Trends In ConsulllPtion and Production: Household Energy 

Consuillption. ST/I:SA II99 9IDP. 6 DLSA Discuss ions Paper I 0.6 US. 

J)ahl. C. (1994) A survey of Energy Dell1 and Llasticiti es ror the Develo[Jing World. 

The Journal oJ' I ~ ner!!. \' and Developll1ent. 18: 1-47 

\)ankkll1an. I and J)al·idson . .1. ( 1989) Women and l:nvironll1en t In Thi rd World. 

Alliance lor the Futurc. Earth Scan Publication ltd .. London 

Darby Jack. (2004) Incoll1e, Household Energy and Il ealth. Kenncdy School of 

Governll1en t. Harvard. 

Dasgupta. P. ( 1995) Thc Popu lation Problell1: Theory and Evidence . .1 ournal of 

Econoll1 ic l.iterature. :no 18 79-190~ . 

Dasgupta. p. ( 1998) \)emographi e \)eterll1inants oJ' Ii ousehoid I': nerg) l 'se in the 

United States 13ri an C. O' Ne il and Iklincla S.U Il:oN. Population and Developmcnt 

Rcv iell'. Vol.28. Supplell1ent: Population and L-: nvironill ent: Mcthod or Analys is, 

pp53-58. 

Davis. M. (1998) Rural Ii ouseho id Energy Consull1ption: The EfTects or Access to 

Ucctri cit y· Ev idence froll1 South /\I'ri ca. Energy I'olic\· ~6(3) :~07-217. 

119 



Deaton. A and Mucllbaucr . .I. (I<)XO) An Almost Idea l Demand System . i\r:n.~:L l econ . 

Rcv. 70:3 12-26. 

Demurgcr, S and Fourn ier, M.(2006) Rural Poverly and Fuel Wood Cosumption: 

Ev idencc fi'o m Labagoumcn Townshi p (Ch ina}. Un iversity of I-long Kong 

Dewees. P. (19S9) The Wood Fuel Cri sis Reconsidered: Observations on the 

Dynamics or Abundance and Scarcity. World Deve lopment 17(8): 11 59-1172 . 

Douglas. I.. (2007) The Design and Diffusion or Improved Cooking Stoves. The 

World Bank Rcscarch Observer. Vol. 8. No.2 . (.luI.. 1993). pp. 119-141. 

Douglas. L.. Vaderplas. Rand Wi llemnoor. (2004) "Tackling the Rural Energy 

Problem in Developing Countries, The Urban Househo ld Energy Trans ition" World 

13ank's Finance and Private Sector Development. 

Duraiappah, A. (1989) Poverty and Env ironment Degradation: "A Review Analysis 

or the Nexus'" p. 2 169-2179. World Development vo1. 26. 26 0.2 Fl sevier ltd .. 

Ilritain. 

lecholm. l.. Foley C .. Barnard. G and Timberlake. L .(1984) (1984) Fuel Wood: 

"The I:nergy Crises that won't Go Away". International Institute fo r Envi ronment and 

Development. I ,andon and Washi ngton. DC 

lenergy Sector Management Assistant Program (ESMAP). (2003) "Household Fuel 

Use and Fuel Sw itching in Cuatemala" . .Ioint UN Dl' /World Bank lenergy Sector 

Management Ass istance Programme. 

I:arsi. n1.. Fi lippini. M and Pac hauri. S. (2004) Fue l cho ices In urban Indian 

households. Cen ter for Energy Policy and Economics. 

I:aye. S. (2002) I iousehoid Consumption Pattern and Demand for Energy In Urban 

I:thiopia. Msc Thesis, Addis Ababa University, Addi s Ababa. 

Foley. C and Mossa. P. ( 1983) Improved Cook ing Stoves in Deve lopi ng Countries. 

I:ncrg) Infc)rmation Programmc. 

I:oky. G. (I <)<) 5) I' hotovoltaic Appl icat ions in Rural Areas oj' the Dcvcloping World. 

World Hank Technical Paper Nu mber 304. [nergv Series. Wash ington D.C. 

I:ostcr. i\. and Rosenzwe ig. M. (2003) "Economic Growth and the Rise of' Forests". 

rhc Quarter!) . Journal of' Economics. anel May. 118(2) :301-637. 

120 



Green . R .. and Alston . J. ( 1990) 1~ lasticiti es in AIDS Models. American Journal of 

Agricullural Economics. Vo l. 72. No.2. pp. 442-445 

Ilcl tberg. R. (2005) Factors Determining I iousehoid I:ue l Choice In Guatemala. 

Lnv ironlllent and Devclo lllent J:eonolllics 10: 33 7~ 361. 

I Ic ltberg. R .. Arndt. T and Sekhar. N . (2000). Fuel Wood Consulll ption and Forest 

Degradat ion: A Ii ousehoid Model fo r Domesti c Energy Subst ituti on in Rural Ind ia. 

I. and I:eonolllics. 76 (2). 213-32. 

JJosier. Rand l)(lI\d . .I. (1987) " Il ousehoid I:uel Cho ice in ?illlbabwe An 

lempiri ea l Test of" the J:nergy Ladder Il ypothesis." Resources and J:ncrgv. 9( 1987). 

347-361. 

Il osier. R and Kipondya. W. (1993) Urban I iousehoid Energy use in Tanzania: Pr ices, 

Substitu tes and Poverty. Energy Pol icy 21: 453-473. 

I-lowe (1982) The Poten ti al for Small Scale Solar Power Irrigation In Pakis tan. 

Institute of Development Stud ies, Uni versity or Sussex. Uk. 

Ilurst. C and l3 arnet. A. (1990) The J:nergy Dimension. A I'ractical Guilk to Lncrgy 

in Ru ral I )c\l'l oplllent Programmcs .. Brington I ~N 16J-:11. UK. 

Il yde. Wand I(ohli n. G. (2000) Soc ial Forestry Reconsidered. Si lva Fennica 34(3), 

285-314. 

International Encrgy Agency (lEA). (1990) Substitute Fuels for Road Transport. A 

Techno logy Assessmen t. PARI S CI·: DI--: X 16, France. 

Interna tional Energy Agency ( II -: A). (2005) World J:nergy Outlook. Paris OJ-: CD. 

Jargstorr. 13 . (200,)) Renewable J: nergy & Deve lopm ent. Deutsche Gesellschai't 

Techn ische I:usallllllenarbci t & J: thiopian Rural Lncrgy Deve lopm ent and Promoti on 

Centre. Addis Ahaba. Ethi op ia. 

Judge. g. , Il il I.R .. GrifTiths ,W., Lutkepohl. , and Lee,Thoug-chao. ( 1985). Theory and 

Practi ce of Econometrics . John Wiley and Sons, New York 

Jul ian. M., Kenneth. A .. Ri chard . R and Grec. D. (1994) bt imati ng El astic ities with 

the Linear l\ ppro:-:imCltl- Almost Ideal J)emand System: Some :\'\onte Carlo 

Resul ts. I he Re\ ie\\ or "(onomics and Stat ist ics. Vol. 76. No.2 . pp. 351-356. 

121 



Kammen. D and Lew. O. (2005) Rev iew of Technologies for the Production and Use 

of Charcoal. I:nergy and Resources Group & Goldman School of Public Policy, 

Un iversi ty of Cal ifornia. 

Kga ithi. D .. Ii a li. and Ilategek ( 1997) Biomass I, ncrgy I'olicy in Africa. Selected 

Case Studies. Stockholm. Sweden 

Khan.oom. I) . (1973) An Lconomctric Model of the Demand 1'01' Lnergy in Canada. 

Part One: The Industria l Demand for Gas. The Canadian Journal of Statistics I La 

Rev ue Canadicnne de Stat istique, Vol. I. No. I. (1973). pp. 69- 107. 

Leach. G and Mearns. R. (1988) l3cyond thc Wood Fuel Crisis: Peop lc. Land and 

Trees in AI·rica. [.ondon. 

Leach. G. (1992) Thc encrgy tran sit ion . Lnergy Policy 20(2): 116-121. 

Macht. C .. William .G and Ghimirc, A. (2007) Ii ousehoid Energy Consumption: 

Community Context and the Fuel Transition. Populat ion Studies Center Research 

Report 07-629. Un ive rs ity or Michigan . Institute of Social Sciencc. 

Ivlackenzie. G. (2007) Delopment and Energy in Ali'ica (DEA). Literature survey 

report. Nat ional Laborato ry (OTU). Department of System Analys is (DSA ). 

i)cnmark. 

:Vladllbansi. M and Shackleton. C'. (2007) Changes in Fuel Wood l 'sl' and Sl'kction 

[()llowing electri lication in the Hushbu ckridge Lowveld, South Africa. " Journal of 

i:nvironmcnlill Managcment 83:416--4 26.Marx, K. l I863-65] 1981. Capital: A 

Critiquc of' Political lcconomy. New York: Vintage. 

iVlase ra. 0 .. Saatkamp. 13 and Kammcn. D. (2000) From Linear I:uel Switch ing to 

Multiple Cooking Strateg.ies: A Critiquc and Alternativc to the I·:nerg.y I.adder Moclel. 

World Devdopmcnt 21\( 12): 2083-21 03. 

iVlcFadclen. I) . (1974). Conditional Logit Analys is ofQua li tativc Cho ice l3chal'ior. In: 

larembka, Lconomic Theory and Mathcmatical "conomies. Academ ic Press. New 

York. 

Moges. M. (2006) Fuel Wood Consumption and Degradat ion in Rural Household of 

Ethiopia. The Case of Amhara Region. Mas tcrs Thesis. Addis i\baba l lnil 'crsity. AA. 

Lthiopia. 

122 



Moschini. G. ( 1995) Units of Measurement and the Stone Pricc Inclex in Demand 

Systcm Estimation. Amcr. J.Agr. Econ. 77:63-68. 

Mulcguctta. D .. Dunne\. J., Khennas. Sand Rai. K. (2006) Energy lor Rural 

Li ve lihoods . A Framework lor Sustainable Decision Making. ITDG. 

t'ylunas inghe. ~ and Meier, P. ( 1993) Energy Pol icy Analysis and Modelling, 

Washington DC 

Olledraogo. n. (2006) Ii ousehoid Energy Prelcrenccs ror Cooking in Urban 

Ouagadougou. 13urkina 1-2IS0. Energy Policy 34( IS): 37X7-3795. 

Pitt. M. (198 5) Equity. Externa lit ies and Cnergy Subsidies: the Case of' Kerosene in 

Indonesia. Journal or Development Economics, 17,201-17. 

Raja. C and Bousquet. A. (2003) Model ing Corner So lu tions with Panel Data: 

Appl icat ion \0 the Industrial I ~ n e rgy Demand in France. Uni versity of' Toulousc 

Redd y. B. (2()03) Ovcrcoming the Energy El'Iic iency Gap in India's Ii ousehoid 

Sector. Energy Policy. 31 1117-1127. 

Reiss. I' and Matthcw. W. (2002) Ii ousehoid Electricity Demand. Revisi ted. Stanford 

Un iversity 

Sand T ProlTes ional Associati on (2002) Energy in Ethiopia: Status, Chall enges and 

Prospects Organized by Sand T Profess ional s Associat ions. Joint Secretariat and Its 

Partn ers Prokssiona ls Assoc iations 

Sadda\'oa. C. (19S5) Criterion I()r Lnerg) Pric ing Poli cy. I.andon: Graham and 

Trottm an 

Sadoul cl. E and de Janvry. A. (1995) Quantitati ve Devc!opment Pol icy Analys is. 

Baltimore: Thc Johns Il opk ins Uni versity Press . 

Schmin k. M. ( 1994) The Soc iocconomi c Matrix or Derorestation. Pp. 253-275 

Shibru. T. (1990) l) opulat ion. Iliomass Fucl and Deve lopmen t and I': nvironment In 

lethi op ia. In process ing 01' the pane l Di scussion on Population and 1':nvironl11cnt In 

I'thiopia (MLI) I'T) Nat ional OJ'liec of' Population). I:cb 1996 . Addi s Abaha. 

Sinkam. S. (1995) I.and and En vironmental Degradat ion and Deforestation in Ali·ica. 

Iss uc and Options for Susta inable Economic wi th Transformation. Joint ECAlrOA 

Agricultural Division Monograph. 



Taylor and Franci s (1989) Encrgy Issues and Options for Developing Countrics. 79 

Madison Ave. New York 

Teives. S. (2 003) I:ucl Switching: a Il istory oJ' Portugucsc Icnergy Transition. Lund 

Uni versi ty. 

Toman. M and Jemclkova. B. (2003) "Energy and Econom ic Devclopmcnt: An 

Asscssment or thc State of Knowledge". htt p://www.rfT.o rg: Resourccs fa r the Future. 

Wor ldl3ank ( 1984) Ethiopia: Iss ll cs and Options in Encrgy Sector. Washington, D. C. 

World Bank ( 1990) An Environmenta l Strategy fa r Energy. Washington D.C. 

Wor ld Bank (1993) J: ncrgy Transi tion in Dcvc loping Coun tr ics. Washi ngton. D.C. 

World !lank (2000) I': ncrgy ConsLimption and Income : An invcncd-LJ at thc 

househo ld level? Washington D.C. 

124 



APPENDIXES 

APPENDEX I : FIXED AND RANDOM EFFECT ESTIMATES FOR 
INFERIOR FUELS 

Appendix i.i : Fixed Effect Estimates lo r infe ri or Fuels 

Fixed-e lTeets (within) regression 

R-sq: within ~' O . 73 04 
bet\\een = 0.8 595 
overall ~ 0. 73 83 

Number of obs 2560 
Number of groups 24 6 
Obs pcr group: min = I 

avg :::::: 0.4 
max = 35 

F( 12,2302) = 5 19 78 
--- ------,---~~~~~~~~---, 

I:xplanatory va ri ables In share or inferi or fuel 

Coefli eient StLe rr 
~---~-------------I~~~~----~~~~--"--
Inmonlhlvenc rgy -. 8119996 .0165506 

1 n Iota Ie oX pend it lIt't..' , -0470962 
1 -

.0116358 

k male headed .00046 - m76682** 
----- --;------- I--:cc:-::-:=cc::----+--::-::c:-::-c..,.-:-----i 

age 01' head -. 0089387 .0039443 

family size -.013232 .0 11 6327*** 
- . - - - - - --- --f-:cc:-::-:-c...,-:,------- - -+-::-::-:-:c=-c-,-,----i 
I'llnil) size sCJr .0002368 .0006794** 

--- -----
.0294649 

- ~ ~ -- -- --
lledUCalioll - -:024699 i*** --
-- - ---- -- -- ----

.0124562 I .000216~ 
-.00019 7 .OOI~ 871 ·· 

time for fuel co llec tion 

IOl li,cstoc k 
-

.0000906--- ~00038-7 --age sq r 

l-an-d-o;-V'-' C~d---------+-.0~9~4-1~5~4~9----~~. 0~3~0~3~06~1 ----4 

dUllllllY 2000 -.0532409 .0269939 
r~--'--------------'~~~~------~~~~----~ 

Constant .7860843 .12154 87 

sIgma 1I .27944905 
sIgma L' J .51362 ~15~ 

rh o .2152 1963 (fractioll or varianL:c duL' 10 II i) 

F test tha t all u ;=0: 
F (245. 2302) 0.88 

I'rob > F = 0.9 1 19 
** Sign ili ca nt at 50/0 and *** sign ificant at \0/0 

De finition of V!l ri!lbles 
Inshareolinfe ri or rucl = logarithm or share o f cx pcndilllre on inferior ruc Is ou t or lo tal 
houschold cnc rgy expcnditure. 
11l1ll<lllthlwlle,>!.' logari thlll ortotallllonthly expendi ture on cncrg) lJut ortolal 
houschold cncrg) cApc nditu re. 

'-~ 
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Into talexpenditure ~ loga rithm o l'houscholdtotalmonthly expenditure. 
female headed house ho lds that arc headed by f'cmale 
age of head = age 01' househo ld head . 
litmil y size = household litmil y size famil y size 

lillnily si/.c sqr = household family size squarc , 

neduca ti on = house holds whose head is literate, 
time lo r ruel col lccti on = time spend by househo ld on ruel co ll ec tio n, 
tot livestock = totalnumbcr of li ve stoc k possessed by household, 
land owned - land holding o l' households 

age sq r = age o r household head sq uare . 
dummy2000 0= dummy lo r house holds who used inlCrior I'uel in year 2000, 

Append ix 1.2: Random Effect Estimates for Inferior Fuels 
Random-ciTee ts GI,S regress ion NUl11be r or obs = 25 60 

R-sq: within = 0, 7303 
betwee n = 0,8605 
ove rall = 0.73 84 

Ran dom ~ !Tc c t s u i - Gauss ian 
cmr(u i. X) 0 (assll llled ) - --- - --~ 

I·: ", plana!()ry va ria blc~ 
--

'um ber or grou ps = 246 
Obs p CI' gro up: min = I 

avg = lOA 
max = 35 

Waldchi2(12) 7187. 72 
l'rob > chi2 0.0000 - -- -- -- -

In share o f inferior fUl! ls 

c-Coc l'li cient Str,err 
1--.- - -- --

Inmonthlycll-.:rg) -. 82 55888 ,01 55376 
f--;-

In lota Ie x p..:nd i t lilT - 0453582 .0 10991 7 
---- -~ - -

I'ema le headed .0002066 .0263359 ** 
I-- ----- - --- -- - ------

age or head -.00664 76 .0037293 
- - ---- - -- -

fam il y size -.0168062 .0106483**' 

-

-

.. _--- ._ - - .- -------
lilln ily size sqr .000431 8 .0006226*** 

rwd ucation .02 1553 .0233 052*** 
----
time 1'01' ru el co ll ec ti on ,012697 ,000203 8 
----

101 I jvcstoc k -.0004068 .0014054 ** 

land owned .092 7403 .0279223 

H~": sqr ,0000672 ,0000367 
- ---- - --::o:i 5 I ~ ')-- - -- -- -- -

dumJ11 v 2000 .0261302 I 
--:c --. -- ---- --- ----I Constant .7674038 ,1144678 
-

slgma. u I 0 
igma_c I .53362452 

rho I 0 (rract ion or vari ance due to u_ i) 

** s ignilicanl a\ 5% and *** s igni !icani al 10/0 
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Appendix 1.3: Haussmann Test for Inferior Fuels 

-- -- -- - -

I 
-- -- - - -- -- - -

J:"' planatory va ri abks Cocnic icll ls 
I-c- - ------

(b) ( 11 ) (b-£3 ) sqrt(cliag(V b-

Fi xed random Dirfe rence V _8 )) S.E. 

1I11110111h Iycncrgy - .8119996 -. 8255 888 .013 5892 .005 7014 
- -- -------
Intolalcxpcnditurc -0470962 -. 04 53582 -. 001 7379 .0038 175 

- !erna1e head ed 
----

.00046 .0002066 .0002534 .0084822 
-.- ------ --- - -------

age or head -0089 387 -. 00664 76 -.0022 91 I .001 2847 
--- ._--

1 ~-lln iI y s i I .e -01 3232 -0168062 .0035742 .0046834 
-c --.----

lilll1il y s ize sqr .0002368 .0004318 -.000195 .000272 

f-- . 
ncctucatl on .0294649 .02 1553 .00 79119 .0081802 
----
lilll e for fuel co ll ec ti o n .0124562 .0 I 2697 -.0002408 .0000725 

tot I ivcstock -.000197 -.0004068 .0002098 .00048 59 
- ---- - - --- .--- ---

land owned .0000906 .0927403 .00 14147 .0 11n16 
- _. - --1- -----1---- , -

age ' 'Ir -.0532409 .0000672 .0000234 .O ()OO 122 

~(fllln-~y -iOoo---I ·7860843 1 -045149 
_._-

-.0080919 .006773 8 -j 
b = cons iste nt uncler 110 ancl l-l a ; o btained from xtreg 

Il = incons is tenl uncler I la. eftlcicnt unclcr 1-1 0: obta ineclli·om xtreg 

Test: 1-1 0: dilTcrcncc in coe ni cie nt s not sys te matic 

chi2(1 2 ) = (b-13)'I(V b-V 13)" (-I)l( b- ll) 
15 .85 

prob>c hi 2 = 0 1982 
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APPENDIX 2: FIXED AND RANDOM EFFECT ESTIMATES FOR 
ADVANCED FUELS 

APPENDIX 2.1: Fixed Effect Estimates for Advanced Fuels 
Fi :xcd -c nccis (\\ ilhin) regress ion 

I< -s'l : \\ ithin ' O.62<J2 
b.:I\\ CCn 0.601.16 
overall :::: O . 6 25~ 

eo rr(uJ Xb) '0 0.0666 

~.-- -------

Number or obs 237 1 
i\lIllltx: r of groups :! ...JO 
Ob~ p~ r group: min I 

avg = 9.9 
Illax = 34 

F( 12.2119) = 299.58 
I'rob > r = 00000 

explanatory variable In share or advanced ruel 
- - -=-r- --.-- --

Coeniei"nt _ StLerr . 
· - - -- . -- . 

Inmonl hlycncrg) .2869822 .0 1144 27 
· - _.- - - .- ._- - -- - -- .-
In10la I (' x pcnd i I lire .03 34 92 7 .0077424 
--- - . . -----
tCmal c headed .0036893 .0182804 ** 
---
age or head .0059101 .002595 

.-
! ~Itl1ily size .0139915 .0076144 

ramil y size sqr - 0004723 .00044**' I - -- -
.016 2094" 

, 

I) 
., 

'.' ~ .( i c:': 

•• --. 

.~. 

1 

neducatiol1 -0097838 I 
q.{~ 

.. : ...... ----.. 
- - - - -- . - , 

lime I'o r fucl collection - OO n ·Wi 000 I 4 1·1 
. . . --

to l I i\ L' ~ l oc k .000758'! .000987**' 
· . - --

la nd 0\\ ned - 0063 I 06 .0199975" 
- - --
age sqr -.0000505 .0000253 

f--- - - --
dumnw :WOO .1116942 .01 74502 
------- -

1--:T464849 
--------

Constant 
- . --

sigma u I .27 209945 
igllla_c I .3 3685992 

.0800813 
--- - ---

rho I . 39~843 15 (rraction or variance due to u i) 
F tcstthat "llu_ i=O: 

1'(23 9. 2 1 19) = 1.3 2 
Prob > F = 0.0014 

** SignilicCint at 5% and ** * s igni li cant at 10/0 

Defin ition of Va riables 

--

Inshareo r;td vuneedruclincncrgy : - logarithm o r share ll r expenditure on ath anced ruel s 

nut or to tal hll usehold ene rg: expendi ture 
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APPENDIX 203: Haussmann Test for Advanced Fuels 

,- - ---.--~ -- -- --------
J-:xplanatory variabl es Cacl'li c icnl s 

(b) (8) (b-B) sqrt(diag(V _ b-

fixed random Di frcrence V _B)) S.E . 

Inm onl h I yencrgy . 2869822 .29973 62 -.01 275 4 .003 3938 

I nlota lexpend i t ure .0334927 .0326502 00084 25 .002 1746 
--_. 
killak head ed .0036893 0058304 - 002 14 I I .004883 6 

o- r , , 
agl: or ilL'ad .0059 101 005,j426 0004675 .0006975 

I I - - - - - ---- - - _. -- -
I~llllily si/.c .01 3991 5 .01035] 2 .0036] 83 .0024965 

.- -
I'lmily SiLC sqr - 0004723 -000258 5 -000213 7 .000143 7 

--d . 
nc ucatlon -.0097838 -.0052 56 -0045278 .0044696 

Time lor fu c l co lleclion - 0072449 - 0073 893 .0001444 .0000387 

\0 1 li vestock .00075 89 .0194326 .0000355 .000 2622 
- - --- - - - ---- - - - 1--:01)64 99 I - -l.and ovm cd I -.0063 106 ·.000047X .01]1 22 
- ---- - - -

I 6.58e-06 age sqr - 1-. o ()Oii5 05--- -0000478 2. 70e-06 
- -----

__ J~I-16942 ---- ------- , 

d um nw :20 () a .100108 5 .011 5856 [ -:-U-0415~- j 
--- ---- --

b = consistent under 110 and I-Ia ; obtained from xtreg 
13 = incons istent under I-Ia. efficient under 1-10; obtained from xtre g 

- .. 

i.': Test: 1-10 : difference in coe ffici e nts no t syste mati c 

chi 2( 12) ~ (b-I3)'I (V b-V 13)" (-IJI (b-ll ) 

33.25 
I'rob> chi2 = 0.0009 
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