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ABSTRACT 

In this paper attempts are made to identify determinants of Kerosene and LPG demand in 

Ethiopia. The study estimates Kerosene and LPG demand using time series data stalting 

1964/65 to 2004/05 . To detemline whether there exists long run relation between 

Kerosene and LPG demand and its detenninants , the Johansen procedure of co­

integration analys is is used. Accordingly, there exists one unique co-integration relation 

between Kerosene and LPG demand, and its result shows that the real price of Kerosene, 

real price of LPG, real per capita income and real foreign exchange eamings are found to 

be statistically significant while population growth and level of urban ization are 

statistically insignificant. Similarly in the case of LPG demand; real price of LPG (own 

price) , real price of Kerosene (relative price) , population growth, level of urbanization 

and real foreign exchange earnings are found to be statistically significant while only real 

per capita income is statistically insignificant. In the short-run, price of Kerosene, real per 

capita income and population growth are statistically significant in Kerosene demand and 

real price of LPG, real per capita income, population growth are statically sign ificant in 

LPG demand. In terms of elasticities, Kerosene price and LPG pri ce are elastic and 

inelastic, respectively while income is marginally elastic for both fuel demand model. In 

the ·long run, LPG is a substitute to Kerosene and electricity, other modern energy sources 

are a substitute to LPG .. 

Finally, in the short run, the government should use direct pricing policy on LPG product 

and regulated and pre detennined kerosene pricing policy on Kerosene product to 

increase its revenue. This kerosene price should be set below LPG price. As the result, 

the government can earn more revenue fi'om both products. 
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CHAPTER ONE 

1.1 Introduction 

Energy is im portant to econom ic development. It cOrisists of trad itional or bio mass energy and 

modern or commercial energy. At the leve l of the', indiviauals, modern energy sou rces can 

transform peoples' lives [o r the better. It can improve peoples' producti vity. It has the potential to 

many millions of women and children from the daily grind of water and tile l wood co ll ecti on, 

and through the provision o f modern energy can extend the working day, increase their income, 

invest more time i11 ochool ing, keep their hea lth and do other act iviti es to the communit y. In 

aggregate, they are a powerfu l engine of economi c and social opportunity . No country has 

managed to develop much beyond a subsistence economy without ensuring at least minimum 

access to energy service fo r a broad sector of its populatior,. 

Energy demand, supply and pric ing have er ormous impact on social and economic developmcnt , 

the living standards and ' overall qua lity vi the li fe of the population. On the other hand , the 

economic structure and the change in that structure a~ we ll as the macroeconomic condition are 

key determinants of energy demand and suppl y. Fr,rthernoore, energy affects environmental 

quality through deforestation associated wit h unsusta ina\,le biomass energy dependence and 

green house emiss ion li'om fossi ls use resu lting in global warmir.g. [Wo rld Bank discuss ion pape r 

(2000), Fuel for though t, USA] 

Energy demand is a LtI1ction of ene rgy prices, income, population, degrce of ul'baJli ~a ti o n , and 

leve l of technological de\'clopment and the overall structure of the economic . The energy sec tor 

is one indi spensab le sector for a cou ntry's socio-econornic development , production, and bette r 

energy standards of living. Energ)' is an essential element and has a decisive rol e in our li fe. 

agriculture, Industry and soc ial serv ices . Plant, coal, petroleum, electricity, sun , geothermal steam 

and animal s' wastes are the ma in energy sources. The effective demand for commercial energy 

is, therefo re, related to economic condi tions, whi ch influences the avai labi lity and access to 

energy sources. Ethiopia's energy demand and end consumption patterns are simil ar wi th other 

developing countries. 



The structure of energy supply and consumption in Eth iopia reviled that the traditional biOlnass 

energy sources (fue l-wood, charcoal , dung and agricultura l resicue) constitute 93%, an imported 

fuel oil and hydropower 5% and 2%. The major consumers of energy in Eth iop ia are the 

households and const itute 89% of overall energy requi rement of the country. Industry and 

transportati on sectors are the second and third level of consumers of energy in a country abo ut 

4% and 2% respectively. Other sectors are serv ices and agricu lture constitutes 5% (Min istry of 

Mi nes and Energy of Ethiopi a, 19')9). 

The consumption of petroleum product j ~ mainly driven by demand within household and 

commercial and other sector which accoucls around 50% of the total fuel consumption and the 

other remaining 50% demanded by transport sector. ' Ministry of Water Resource). Electricity 

demand is mainly driven by three sectors the Indusfrial, Commercial and household secto rs. 

Ethiopia's hydropower development potential is around 20,000 MW and 4,000 MW from 

geothermal generation. This enormous potential class ifies Ethio~)ia as one of the wo rld 's leading 

countri es in renewable energy pOlentia l. However, only around 2% of total potential is known to 

have been utili zed so fal'. So most of the energy consumed in Ethiopia is non-commercial. 

Ethiopia is endowed with a number of energy sources including biomass, hydropower, natural 

gas and coal , geothermal, so lar aJ~d wind. Although currently dwarfed by traditional biomass 

consumpt ion, hydropower and fossil fue ls are the main potential of the country's deve lopment 

opportuniti es. Then, the resource availab ility and secondary use data are summari zed below. 

2 



Table 1.1 Ethiopia Energy Resources 

Total rcsoll rees Cu rrcnt usc 
So urce 

Toe XIO' I~I Toe XIOJ til., 

Hydropower (Annua l gross) 55.5 23.2 110.0 0.7 

Natural gas 71.8 30.0 0.0 0.0 

Petroleum 0.0 0.0 918.0 5.9 

Coal 10.2 4.2 0.0 0.0 .-, 
Geo the mal 0.5 0.2 0.0 0.0 

Fuel wood 9J .5 39.1 11 ,976 77.2 

Bi ogases 0.1 0.0 111.0 0.7 

Other organi c resi dues 7.7 , 3.2 2,3 97.0 15.4 , 
Tolal 239. 10 '100.0 15,509.0 100.0 

-

Source: CESEN, lechnical report 2, 1986 and Natural Energy Balance, EEA, 1992. 

The country energy consumption pattern is detrimental to the environment and will not guarantee 

sustainable development in Ethiopia. For this reason, various measures such as the use or 

techno logies that are el'ergy efficient or the use of altcrnati ve sources should be encouraged. 

All the energy consumed in developed counlries is commercial. or such energy, oil is the single 

most important fue l, supporting almost ~al r of the total energy consumption (Dunker ly and I-lock , 

1987). By contrast, arouqd 2.4 Bil lion people in developing countries like Ethiopia rely primary 

on traditional biomass fucl for their cook ing and lighling needs. (lEA, 2002), which accounts 

more than 75% of Ihe tota l cnergy used in these coun:ries. However, commercial energy such as 

kerosene and liquid petroleum gas (LPG) are still an i.11portPnt input for economic deve lopmcnt 

particularl y in household and com mercial or se rvice sector:. (Ramus, Hellberg, 2003). 
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Despite a low consumption of commercial or modern energy and substantially dependence on 

non-commercial fuels , the demand for commercial energy has bcen rising ve ry fast since 1960's 

due to modernization, rapid economic growth, rai sin" income of the country, etc, So in many 

deve loping countries like Ethiopia that have relatively limited access to international financia l 

market, due to the di versification of their exported products is ~ I so very lim ited, It causes trade 

balance to deteriorate with tJle resulting deficit be ing financed by borrowing or by running down 

fo reign exchange reso'lrcc (Lewis, 1980), 

In Ethiopia, evolution of future commercial energy consumption revo lves around deve lopment 

objectives , The structural change ,n the economy i,e, commercia li zati on of the economy, and 

shifts in the relat ive importance of industrial and service sectors wi ll be dependent on the pace of 

transition Ii'om tradit ional to commercial energy consumption, Most of these changes are 

associated with changes in economic sectur such iiS household and services sectors which use 

commercial energy suc h as kerosene and LPG, 

Therefore, the share of modern or commercial energy in the d':velopment process will incrcase 

because of a rapid growth of inherentl y modern fuel using sectors of the economy, (Dunke rl y and 

Hock, 1987), In developing countries (hence Ethiopia) development is not only constra ined by 

economic fac tors but al .;o environmental consideration, Thus , in Ethiopia, like other developing 

countries commercial energy such as kerosene and LPG is an important fac tor fo r econom ic 

development, especially in the hOclscho ld and services sectors, Then the study has, therefore, a 

defin ite area to explore and give pui icy suggcst ion regarding energy consumption, 

1.2 Statement of thc Problcm 

Adequate and reliablc supply 01' energy is cruc ial for social and econom ic development of any 

country, Easy access to affordab le energy is often observed to be assoc iated wi th the stage of' 

development. Industrial countries that have already achie"ed high living standard and recorded 

high per capi ta energy consllmption, While least developed countries (LDCs) are listed as low per 
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capita energy consuming country. I n Ethiopia, energy consumption per capita IS OJOtoe, of 

which only about O. 02toe.(7%) was gcnerated from modern energy sources. (Girma, 2000) 

Energy is the basic elemcnt for economic deve lopment. Effkient utilization of ava ilable energy 

and improving the supply in quality are key elements in the developmental process. The relation 

ship between energy and economic growth in Ethiopia has become an emotive issue. If economic 

activity is to be a measure of welfare and continued growth, the implication of future energy 

development becomes central points or thc debate about energy policy and planning. 

Commercial energy planning is al so an important in economic dcve lopmcnt. The developing 

countries have not mit igated much of the problems of energy, these countries encounter di fferent 

problems, among others, shortage of illlance and qualified manpower to study and develop the 

alternatives energy resources available. In :lddition, these countries use the energy inefficientl y. 

In Ethiopia, as any <l ther least developing country, modern energy resources are not we ll 

developed and util ized, due to lack or sk illed manpO\ver, financial , tcchnical , policy, structural 

and institutional probl ems. 

Despite the enormous interests shown in energy planning in Ethiopia, the genera l awareness 

among energy planner, of avai lable methodological tool s is still in need of improvement. Thi s is 

specially true where ir' .e!'rated approach to the energy sector and the rest of the economy are 

concerned. Moreover, the demand fo r petroleum product is relevant for the assessment of the 

effects of new policy in it iatives lhal have direct or indirect on the consumption of petroleum 

products. It is also that knowledge of the form of the demand structure for kerosene and LPG 

become essenti al for rational policy decision. 

In Ethiopia, energy is onc oflhe IllOSl imporlanl factor,' for economic and social development like 

any other devcloping countries. Through commcr( ial el, ~rgy consumption in Ethiopia is 
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important fo r a country developmcnt: thcre is a considerable uncertainty about effects of demand 

ori ented pol icies in the utilizati on of keroscne and LPG. Such uncertainty can undermine 

formulation of efTect i"e cnergy poli ccs due to inabi li ty to predict the likely impact of the change 

in important va riable such as price, income and population. Also there is still an in form at ion gap 

that must filled to guide the policy makers on which area or demand variable to put thei r eff 'ort s 

in order to ach ieve a sustainable energy use. 

Under development and lack of modern energy sources becor~e of the limiting factors in the 

overall economic development in l3thiopia. Petroleum imports consume about large foreign 

exchange earning eve::' vcar, tha t is. the count ry has to usc valuable income from export to pay 

fo r imported petroleulll pi oducts. For instance, the share of imported petroleum was about 23%, 

24.2% and 16.4% of total import in 1979/80. 1997/98 and 2002/03 by respec tively. This impl ics. 

the share of imported petroleum ·Jcteriorated country trade ba lance if there is an abscnee of 

equivalent increase in export earn ing. 

The use of commerc ial energy in Ethiopia does not seem to be sustainable si nce the govern ment 

spends large amounts \)f scarce resource to finance ma:nly the development of alternati ve energy 

sources li ke developmcn t of hydmclcctric power ger.':ration. geothermal energy, Natura l hydro 

carbons, wind, solar energy, ctc. (i'vI OFEO, 1999). 

Finally, in Ethiopia, few studies have attempted to identify household energy demand 

determinants at micro Icv.~ l. From these studies took place by Asmerom Kidane (1991) analyzed 

energy demand in rural and urban center of Ethiopia using a two stage least square model , and 

estimated the demand at micro kl'cl. Si milarly, 8 erkete and Almaz ( 1999) studied the income 

and price elasticties of bot h traditi cll1al and modern fuel at urban levels. So, the above 

information's ha ve limi ted stucl ies on cnergy sector in Ethiopia then th is study ana lyze at macro 

level. This study hel ps fo r an cxplorati o: , of mechanisms far sustainable use of commercial 

energy in Ethiopia so that more in vest igation anc cl ,'rilleation is crucial. 
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1.3 Objective of the Stud y 

The genera l objec tive of th is stud y is to investi gate the maj or detenn inants of kerosene and LPG 

demand in Ethi opia. And ident ify bo th short and long ru n variables orthe study. 

Specific Objective 

To identi fy other determ inants li k~ populat ion growth , 'eve l of urbanization and forei gn exchange 

earnings from the kerosene and LPG de mand. 

To suggest, based on find ing the ap propri ate policy recolllmendat ions to improve commercia l 

energy consumption, specia ll y kerose ne and LPG 

1.4 . .Justification a nd sig nifi cance of the s tudy 

Besides being an essen ti al input ;n the producti on proce,ses, energy is a direct requirement of 

people 's dai ly lives. Th is ex plains ,vhy cnergy policy is a vital as pect of the overall development 

policy of the count ry and how energy pol icies arc designed and implemented to influences the 

structure of the country economy. 

The objectives to be pursued in this study postulate the demand for kerosene and LPG 

consumpti on. The identification of fac tors affect ing ('''lergy consumption, specially the demand 

for kerosene and LPG . wil l indicate possible areas wl, ere action in energy deve lopment can exe rt 

significant influence on economic developmcnt. By provid:;lg such insight, thi s paper will also be 

useful in the fo rmulation of commercial energy spec iilc pol icies in Ethiopia. 

In recent year, dec isi<,1. illakers in various countries have reali zed that energy sector investment 

planning shoul d be earrie,j out on an integrated bas is (Richard , 1985). In the past, suppl y and 

demand ana lyses were tradi tionally carri ed out for each ~nergy source at disaggrega te level in 

Eth iopia. Most existing studics on ,:o ml11erc ial energy parti cularl y demand for kerosene and I.PG 

have concentrated on developed eOllnil ies. I-knee, our study will give some insight in thi s area. 

7 



Unfortunately, Ethiopi ,' n imports pctrolcum products from oil producing countries. So the 

relationship between energy and economic long-term interaction on the imported pctrolcum 

depends on the internal energy act ion taken by the grJvernmcnt and consumption of these 

products by eonsumcr. think the development of econometric tools which enhance 

understand ing of the factors in Ouer,Cl,'g the demand for kerosene and LPG will give more 

information about future cnergy flow. Moreover, the future commercial energy consumpti on and 

economic development arc cssentia ll y il ,~eracting and therefore cnergy planning should be 

suggested. However, the 's uggestions must bc Oexible enough to accommodate deve lopments as 

they occur. 

One may ask why this study focuses on kerosene and LPG as ~ commercial energy in Ethiopia. 

The main reason is that the impa(' t is la rge ly inOuence kerosene and LPG the county's economy, 

especially in the housl'iJold, commercial and other sector. These sectors use both fuel for cooking, 

lighting and other acti ·Jiti es. Thus. the findings of th is study will form a useful input into the 

literature on energy in Ethiupia; particularly on kerosene and LPG (household, com mercial and 

other sector) and cven provoke ru, 'her stud ies in thc kcrosene and LPG sector. 

1.5. Hypothesis of the study 

The main hypothesis is to be tested is 

['uel price affects the consumption 0f kerosene and LPG negatively and significantly. 

Income affects the consumption of ke rosene or '>PG positively 

Popula tion growth and leve l 01' urbanizat ion alT~ct pos;tivcly the consumption of' kerosene 

and LPG 

1.6. Scope of the siudy 

This study employed yea:ly data f'rom I 964 i65 to 2004/05 to estimate both kerosene and LPG 

demand function duri ng rhe pcriod. Speci fi ca ll y. the ,; t"dy wi ll locus on keroscne and I.PG 

demand in the household. cOI11Il1 <:r:ial and other sector. Ti,e period is chosen on thc basis of the 

availabi lity of reliab le data. 

n ,> 



1.7. Organization of 1he study 

The paper is structurcJ as follows: Thc nex t chapter revIews the theoretical and empiri ca l 

evidence of previous studics on de terminants on keroscne and LPG demand. Chapter three 

di scusses commercial energy and the Ethi opian economy, chapter four presents the data and 

methodo logy while chap le r five disc llsses empiri ca l results. Fina ll y, conclusion remarks and 

policy implicat ions presented in chaptc" six. 
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CHAPTER TWO 

Lite rature Review 

2.1 Theoretica l Li tc'-a tu rc 

In recent years, the energy sect!' r of developing countri es including Ethiopia has exhibited a 

dynamic character. In addi tion to important changes in the share of consuming sectors and fue ls 

in aggregate demand patterns. the cn; rgy consumption trends in these countries have moved 

steadily upwards. This. together with the slO\II down in the gro wth of total energy consumption in 

the industriali zcd countries , has untl crli nc.l the rapid ly growing rol e of developing countrics in 

the world energy market. 

for instance, according to World Bank discuss ion paper (1999) and OPEC rev icw (1994). the 

share of developing countries in the world energy consumption rose fro m 10% in 1970 to about 

20% in 1992, the share of Africa rose I % in I 970s, 8.9'10 in 1980, 17.8% in 1990 and 20.6% in 

1994. While thc sharf 'I f OCED countries fe ll fro m 65% to 51 % in the same period. The annual 

energy consum pt ion g" u\\'th rate for dcveloping countries was abo ut 5.5% in thc period 1970-

1992, in non-OCED countries W,\S about 2.8% per anll ll:ll during 1980s . In Asian deve lopi ng 

countries was 5.3% pCI' annum, compared with I % per annum for the OCED countries in the 

same year. There are several economic, social and demographi c J~lctors behind these trends of the 

past three decades. 

Theoret ica ll y, the demand Jor a good or servicc is ducrmined by its own pri ce, prices of other 

goods, incomc, geographical, dcmographical as well ~, envi'-'lnlllcnt factors. Thc relat ive energy 

costs and their suppl y sta bili ty an; thereJore expec ted to h,\ve an influence on kerosene and LPG 

consumption .. If other factors remain constant, while the price c:' one encrgy ionn ri ses, it wil l be 

costly to cont inuc consuming this particular source of energy. Therefore, to maximize utilit y, 

givcn the limi ted lev\, 0f monc), incomc. a consumer will reduce consumption and increase the 

consumpti on of anoti-<; r form (substitutc) whose price has decreased or remained constant 

(Pindyack Rotemberg. 1979). 
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I'rom the consumer's point of view, the demand for kerose:'le and LPG is a derived demand from 

the service it provides with in the household sector. I'or example, the household requires kerosene 

and LPG for there home ~ooking and lighting purposes. The demand fo r kerosene, in this respect. 

it is such as the demand for other goods and services. Assuming the above conditions fo r 

kerosene and LPG as a good and bear ing in mind that Hieks ian demand analys is docs not provide 

us with observabl e parameters. Since. they are based on uti lity concept, we ean postu late how the 

kerosene or LPG demand func tion responds in a Marshalliun contex t. 

Another consumption function from Cobb-Douglas (C-D) consumption function is the 

Cobb-Douglas ut ility fu nction, the consumer's demand is obtained as the solution to the 

fo llowing max imization program . 

Max U= IIC; a subject to L: P;C= Y and La i= I 

Where Y= tota l incomc, II = constant, thc consumption of each commodity i reads as, 

C = aY I _~ Valucs fo r the various elas tic iti es presented ab . .we can be 

1'; 

Derived from this demand fu nction imd provide information in the restri ction of the C-D 

function. Pricc and inc,)mc clcsticti es, as well as the elasticity of substitution between each pair 

of goods, are all equal to one. where as the cross price elasticity is ze ro. Despite these 

assumption, which may be perceived as ve ry strong and L' n real istic , many authors restart to the 

C.D function given that it can be eas ily calibrated and does not req uire outside a estimate of free 

parameters (Nabil Anabi et .al. 2006). 

The simple static model lor kerosene and LPG delT.and assumes that uti lity fi'om Kerosene (K), 

LPG and other goods (0) depends on the pri ce keros,;ne (1',), the price of LPG (P LPG) and the 

prices of other goods (Po), respectively. Assuming ~hc consumer knows the price of kerosene 

(P,), the priee of LPG (PI.PG ) and the other goods (Po), th r~ n choose kerosene, LPG and other to 

maximize util ity U(K, LPG, 0); subject to budget constrai nt 

P,K + PU'G LPG + PoO ~ Y; where Y = Income 
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Assuming a dynamic responses of kerosene consumption to price and income changes, seve ral 

authors have used to ot her va riable by consuming the former, as :ollows 

K = f (Pk, Y, 1(,,1, Pop. U. X, E) 

Where K = Quan ti ty 0 [' !( eroscne 

PK = price or kerosene 

Y = Income 

X = Export earning 

Kt- I = Lagged kerosene consumpti on 

U = Level of urbani zation 

Pop = Population 

E = Error term 

The studies on kerosene and LPG demand have focused on the developed countries, rew studies 

being undertaken fo r Asian developing countries , Atl'ica and Latin America countries at mac ro 

and micro leve l. 

Michae l Kennedy (1974), mos tl y kno wl l by hi s stud ies on the kerosene and LPG demand. I Ie 

began with a level 01' ele :; ired demand [or a given energy demand (kerosene) which depend on 

income and prices K = q l', Y) ....... (1). In thi s case, price and income are expl anatory variables. 

Like other comillod it ies, we assume that the demand fe' r kerosene and LPG increase with their 

income increase, ceters pairbus. !:unhermore, assuming that if the kerosene or LI'G are normal 

goods, their demand is illl erscly rci:lled with price. 

Desired demand may depends on other Lletors as well , so he speciali ze thi s equation like 

....... .... ..... ......... ........................... ........... .............. ..... (2) 

Chnnge equat ion (2) in log - I inear form 

Ink = Ina -I- Blnp /. a Inv ----------- .- -------- ---------------- -- (3) 

The actual level or demand in one ) car ; however, is not necessl.l·i ly equal to the des ired leve l. In 

particular, actua l cicm:lIld adjusts tOlVarcis desired demand with a log. So, thi s year's consumption 

is a fun ction of thi s ye, r's economic va riab les anellast yea r consumption . The adjustment process 

is represented. 
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r j'-' K K' 

K'_I = K.-: Whcrc K t-I = last yem consumption --------- - (4) 

This lagged adjustment o r the ac tual dcmand to des ired demand is the result of K = f (Y, P) and 

an ex ist ing stock of equipment whi ch uses a specific form of tnergy at a specific efficiency, at 

which can not bc repl aced immediately and K = f ( 1' , Y, K'_I) is unwillingness by consumer to 

view price and incOI11( chm1ges a permanen t un ti l they have cont inued l'or some ti me. 

Then using log-linear model of K = l' (P, Y, K'_I) the 

In K = Ina I- (I - A) ~lnP "- ( I - ).) 61nY + 'e Ink'_1 ---------------------------- (5) 

Substituting equation (5) in eq uat ion ",1) generating the esti mat ing variab les in thi s equation ~ 

and 8 are long-run elasticities of del1tand, and ( I-AlP and (1-1,)8 are short run elasticities . 

Masayasu Ishi gu re and T. Akyama, (199);, the m8.in exogenous vari ab le used in the model to 

project energy demand in 5 Eas t Asian countri es (Cln; n, India, Indones ia , Korea and Tha il and) 

were GOP, population_ energy pricc and structure o r L1e eCO'lomy (di strib utions of GOP among 

Industries, se rvices and Agri cult ure). In thi s case, price a lTu:ts inversely the de mand l'or energy. 

Similarl y Masayasu, j,h i!!ure and Ak iyama (1995) observed that the income and price elasticit ies 

provide a quantitative ncasure 01' the impact of economic acti vity and energy prices on energy 

demand. Further they argucd that total cncrgy demand is the sum of demand in thc various 

sectors of the economy. The seet'l rs they considered include transport at ion, industry, houscho ld 

and agricul ture secto r. 

Antoette D'Se et. al (2004) analyzed 111ctors con trib uting to use consumption of LPG. In thi s case. 

consumption of LPG arc dcpendent I'ariables. 011 tll~ other hand , prices of LPG , prices of 

Kerosene, initi al costs or appl iance. rest riction on the suppl:' of computing fuels li ke kcros~ne. 

distributional factors like storage. bottling and relining, chrracteri st ics of stoves, stove effi ciency, 

etc are explanatory variab les on hi s an:li) 'sis model. 
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Gately and Streifcl ( 1997) anal yzcd thc growth in oil demand. Both observed that GD J' , 

population and price of oil affcc t much of the g"owth in the world oil demand. They also 

examined scveral altcrnat ivc equation specifications or per-capital oi l product demand as a 

function of per capita rcal in comc and the real prices ufcrude oil. 

L. Pri se, L. Michiclas cL al (1998) argucd that there are different derivers or energy use and 

Green house emiss ion ,1n thi s condition key dcrivers of cnergy use and carbon emission includes 

acti vely derivers arc to tal popu lati on, urbaniza ti on, bui lding, commodi ty production etc) , (the 

economic derivers arc total popu lati on, incomc and pricc elasticities) and finally energy intensity 

like energy using cquipment, appliance, ctc. Thcse factors are intern by change in consumer 

preferences, energy, technology with s,~ tt l ement and infrast ructure patterns, technical change, and 

over all economic condition. 

Hosier R. eL al (1993) argucd that thc ckmand for cncr >!.y is determined by the pri ce of fuel uscd. 

the price of other al ternati vc or computi ng fucl , inco!qc and other characteri stics of the res ident 

and cl imate variabl e. In addition, Ccsen (1986) ana lyzed the va riat ion in the price of rue l 

overtime depends on a ll1 ultitude f~l ctors such as variation in the production ~ nd distribution costs 

of the existing encrgy sourccs, supply status. compet itiveness of prices in relation with other 

substitute fuels, soc ia! charactcristics and income levels of the users. 

Balabanoff (1994 ) argucd that the I IVO most wide ly impDrtant factors determining energy demand 

are income and it s ratc of changc. Energy consumpt ion and its related costs may affect the path of' 

economic growth, whilc it is also a rune ;on of growth. He further statcd that income elasti city of 

demand for encrgy ill least developcd cuu' ,:ies is large than from industriali zed countries, whi le 

price clasticity is small. cl ue to structural effeci of' dcve lopment on thc demand for oil and the 

availabi lity of encrgy sourcc. 
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Therefore, w ith a ra il in econo mic ~r0 \\th, price increase may havc a depressing cffect on 

economies and reduce ene rgy use . W; th hi gher economic activity , the demand for energy 

increases. On the other hand, a grcatcr aV1 ' Iabi lity of cnergy may raise the leve l of product ion 

and generate higher incomc and emplo ymcnt. Many facto rs affect th is rclati onship. For example. 

demographic laetors. such as population and urbani.,ati on , the price o f energy, the statc of 

technology, the Ic vc l of act ivity in thc di ITe rent econo!".1ie sector and enviro nmental constraints. 

Internat ional Energy j\ gcncy (2000) presented the consumption and forecasting household fuel 

consumption in s ub- ~~h a ran 45 countrics . The per-capita consumption for modern fue l like 

kerosene or LPG is a rm io of a consumption of these fuels in period t ove r rural and urban 

populat ion that uscs thesc energy sources . 

Arimah (1994) examined the rc lati on between energy and economic growth. Energy and 

economic growth rciat iOilship withi n a gi·/en country is a reOcction of that country's level of 

economic growth. Similarly . commcrci al cnergy co !~ sumption per-capita increases at a laster ratc 

than per capital incomc, there by result ing in an inc \·~asing value of the income elast icity of 

energy consum ption wi th high le,·cls 01· econom ic gr(; w.t h. It is expected the commercial energy 

per-capita will rise at a much slower rat c than per capital income, thercby displaying dec li nc in 

their incomc clasticity of energy consump tion . 

Dr. Obas, Eboh on , C'> 31 (20 00) analyzed urba nization and e n e rgy consumption, the 

en ergy il11 Jllicatioll of rapid rates of urbanization is reflected in the specialized 

infrastructure in pu ls a nd service:; needed to sustain a large concentration of people in 

on e spatial domain . One of the unique fea tures of the influence of urbanization on 

energy consumption is in the fue · use pattern where clear s hifts from traditional 

energy to modern or commerc ial fu el j·,ave occurred because of th e suitability of SLl ch 

fuel for specialized llrb ~ ll1 faci lities. /\8 fig (2 . 1) s hows, the combination of rising income 

level influences energy consumption patternu <.nd the amount of energy consumed , 

especially relative! to ~hc size of the pop u lation , mdus!rialization pattern and the level 
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of urbanization. The environmental impact is initiC'Jly felt logically as local pollution 

accentuates with highct' lcvcls ci consumptions, where manifests in global warming. 

Fig (2.1) UriJllniZlllioll, Ellrrgy Use alii! Green HOI/,I'e Lillkllges 

I 
Rising Income 

I 

1 POflulation GrO:Vlh] Global Warming 

I 
Consumption Pattern 

~ 

I 
Industri a lization i Ene rgy Usc 

I 
~ i 

I 
Urbaniza lion 

, Local Pollution 

Source Dr. Obas, Eboiloi1, cl. al 0000) 

Simi lar ly, L. Pr ice ct al (1 998), ar~uecl that increascd urban ization in developing countries leads 

to increased usc of comlllercia l fuc l. St eh as kerosene and LPG for cooking instead of traditional 

biomass fucl. In gcneral, higher levels ,)1' urhanizat ion arc associated with higher income and 

increased house energy usc. 

According to i3arnes, ct al ( 198~), a cou ntry 's dema.ld for cuergy is linked with factors such as 

size of populmi on, dcgree of urbaniza tion and indu, trialization, patterns and le vels of 

technological devcl opmcnt. 

Kevin n, T'it zgerald ,; "I (1990) argued that at Illicro Icvel, they esti mated the household fuel 

consulllption as a dcpl':,!] , nt vari able, On the other hand. household income, fami ly size, price of 

kerosene, price of LPG. 'and prices o f other a lt ernati \'~ energy sources are an ex planatory or 

independent variables, As the rc:.ttlts 01' these the prices of energy arc negatively related wi th 

conslllllption, The househo ld inclI illc ill~rl'ase, the indi vidual shilts fi'olll other fuel to LPG and 

kerosene at difICrclll level, :JIl ci the lel'cl ,11' LPG increase with level of urbanization ri se, 
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Tobies A. Person and C. }\'.3I" (2002). they presellled use of energy in diffe rent rural and urban 

areas in developing coun tr ies. wit h modern energy ca rri ers. LPG being more common on urban 

areas, which non-coml11crcial bi o \l~2sS is still the 1110st commlln energy carrier in rural areas, 

often, urbani zation leaels tll shi ft in the .Ise of energy carriers like to LPG and electrificat ion. 

Mark Resenezweig (1998 ), ana lY/.ed the macro ecollom ic model s use histor icall y data as well as 

estimates of futu re popula tion. GO P. autonomous energ.y effic iency improvements rates, 

electricit ies and energv pr ices to determine energy demand level. 

A. Senehadji et. al (1999). export play an important rok in the growth process by generat ing the 

fo reign exchange necccsary to fi na nce imports energy and investment goods, both of which are 

crucial to capi tallormati oL. 

Despite the litct that kerosene and L1 CJ demand is detcrmined by the above mentioned major 

fundamentals of econom ic factors like price of kcrosenc and LPG and income. Kerosene and 

LPG demand is not C,.ce from thc in llue ';e of gO I'ernment regulati on. For example, in most 

developing counlrics oil is imported anclmarketccl t,y the government. This makes the consumer 

to use the oi l incf'lieiently which has a cross effect on e,e enviro nment and resource allocation of 

the country. 

No t only the market ing by government makes the oil market in deve loping count ries 

ineffic ientl y. but also tilC inst it utiona l li'amework and modern energy consumption are weak in 

these countries. The ins, itu.ions responsi bility lo r importi ng and price setting of oil are 

themselves inenic icnt ly. ' I'he pr icc or oil is lIsually set above thc cost due to the rent seeki ng 

behavior of government (World Ili' . .,k Discliss ion paper, 1999). 
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We can view the worl,1 oi l market fro m tll'O angles; bascd on the principles of markets these are 

class ical and Kcyncsial' . The class ical view naturally proposes that , like any other commodity, oil 

shou ld be left to the fo rces of dcmand and supply. However, the problem wi th oil market is that 

the oil reserve is owned by iCw and hence the supply is monopolized in most cases. I'or instance, 

OPEC has about 70% 01' crude oil re,erl 'e share and 40'Yo average oil share. (Energy In fo rmation 

Admini stration , 1999). The classical vi 'II', therefore, cou ld not bc a so lution, as the oi l market is 

very small and hence not competi tive dl lc to t:le monopoli stic nature of the market as seen from 

the supply side. 

The Keynesian view states that whcn the market b~comes uncompetiti ve and persists, 

government should interlcnc in the market with the object ive of removing the obstac les or the 

market. Particularly, the Kcynesian "in\, impli es that the oil market should be intervened to 

decartelize it. 

It is recogni zed that the Cuc l pri c'; ill Illany developing countri es inclueli ng Ethiopia are set and 

fixed by the government. ,mel thi s ~r i ~e docs not reflect the real opport uni ty cost of the resources( 

in thi s case kerosenc and U'G). This s'. ':c t:csts that the price level may not influence kerosene and 

LPG consum ption in economic theo ry tl"l1 :;uggests in the literature. 
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2.2 Empirica l Litcra tul'c 

We criti cal ly re view some cmpirieal studies, which have been used in anal yzing the demand for 

kerosene and LPG. Mllst econometri c model of kerosene and LPG arc formulated by static and 

dynamic model by the a!'love ment ioned framework, tend to be based on simple or multiple 

regression models wherc kerosene and r ,PG demand is ~ function of one or more independent 

vari ab les. 

The hypotheses that price or kerosene, price of LPG, and income are mainly determined kerosene 

and LPG demand. Thc research has becn conductec1 hy several researchers main ly in the contex t 

of developed count ri es. One such (si mple static n1'.J('c l) was deve loped by Michael Kenned y 

(1974) anal yzed the demand fo r ke rosene and LPG ·.:sing yc:~ ri y data f'or USA, Canada, Latin 

America, Europe, thc Middl e East, A rrica . Japan and India .. He used in the kerosene and LPG 

demand dependent variables were expressed in per·eapita consu:nption term. On the other hand , 

real price and rea l incom e per capi ta were used as explanatory variab les. 

Here, the long·run inconle elastic it y \\as -2 .5, ind icating the kerosene is an inferior good, in 

agreement with comillon ' sCllse. ','hc I(l!lg-run pri Ce elasti city is rather high -2 .0, indicating the 

existence or good substit llte lik e LPG HIl d coal for household sector services. These resu lt s are 

intuitively gui le plausiblc when the ro le of kerosene as household sector services is considered, 

but increasing usc of kerosenc as jet fu el Plakcs they suspect for projection purpose. As jet fue l. 

the income clasti cit y 01' kerosene demand would likcly be over one, and the lack of good 

substitute shoulc1lllake the price clas ticit), low in absoll!1e va lue (a lthough clearly not zero ). 

In the casc 01' LPC, the long- run incollll' d as ticity is "2.8, indicc:t ing the LPG is a superior good. 

Since it substi tut c kerosene and coa l '"·C Illuch less convenient. thi s is very likely, a lower 

elastic ity might [)(' e).;lee tcd in the i()recasl pcr iod. however, as saturation of fuel oil begin to 

appear and nn cI'cn m':- '·L convcn icnt ruel. natural gas, comes on the stream in some European 

countries, the long-rull pri ce elastic ity o r U' G is -0.76. 
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By the study o f" M. Ishi gu ru and T. /\ ki"ama (1995 ), they divided few East Asia country with 

higher income countries (I( oren nnd Tlwi land), and lowe; income countries (China, India and 

Indonesia), then the price clns tic it y o f" I()ss il fuel (kerosene und LPG) were statistically not 

significant in the higher income count r" of these group, and significant for the lower income 

country (China, India a!1d Indonesia). This suggests that with increase in income, energy costs as 

a share of househol d income decline ami household becomc less sens iti ve to pri ce. 

According to . ~,~ higuru and Ak iyamc ,·tud", the price elast ici tie3 and income elasti cities are as 

followed , the price elasticit y of the tW(. I'ue ls are not significant in Korea and Thailand but in 

Indonesia could bc -0.'18. On the other hall,'. the income elasticity fo r Indonesia ranges from 0.83 

to 1.62 and in the Korca all d Thail and ranges f,'om 0.57 to 1.15. But generall y, the price 

elasticities arc more inelastic Itlr Korea 'lilt! Thailand. 

This analysis WCll t to ,\ ('ricH Lke Ghana 'lild Nigeria. the price .~ Iasti c ity of these fuels in Ghana 

around -0.2 and -0.3 in 1\igcria. 'f hesc resul ts indicati ng, there is no substitute or access to use 

other modern cnergy i; ,'c electrici ty to usc the household sector. 

Finally in thi s study, there is anothe r eO il., is tency bctween two studies and earlier research is that 

income elasticities for rcsidential or Inuscho ld and commercial sector are higher than the price 

elast icities especial ly in thc long-run . wi.il l110st reported greater than one. 

There arc al so other studies in .\s ian countries by ecol1·)ll1ists. Pi tt (1985) found price and income 

elasticities for kerosenc in Ilh!oncsia b,' di"icl ing th ~ country into rural and urban areas. In the 

urban ancl rural. price clus ti city " as -1.00 and -().X9 b; respecti ve ly. In the case of income 

elasti city was +0.54 and +0.27 in rural and urban area respecti , ·e ly. These rc:su lt s were based on 

time series data fro m J 960-19 70. 

20 



Rahman (I n2), lound to U 'G pricc ,\I;lI income elasticitics for India was -0.25 and + 1.47 , 

respective I y. based on ti l11e serics data co\\;ring thc pe:r:oel 1960- 1978.Moreover, in the othcr East 

As ian countrics likc Pak istan ,mel Phil ippi ncs . Ibrahil r, and Hurst (1990) fo und price and income 

elast icities fo r bo th fue l \\Ul' -0.26 and 1-0.62, and Philippines -0.14 and 1-0.85 , respecti vcly. 

Both countries uscd pool ed dala lor the ir analys is. 

The econometri c model disn lsscel by TICcng, el.a l (1989), on yearly data from 1962-1984 

employeelthe dala [or Tai\Van. The priCe 'lIl el income clas:i city of LP G to be -0. 12 and +0.67 for 

the short run. respecti vel)', anel -0.19 and +1.04 for long- run respecti ve ly. On the other hand. 

Fiebig et al ( 1987) used jloolcel data fOi Sirilanka, [<llllld pri ce elast icity for commerc ial cnergy 

and income clast icity to be -O.XO and + I.) 1 rcspeeti vely. 

So in the analysis of pri ce el ,lsti city and income elasticity of LPG and kerosene for household 

sector purpose all price: elast ici ties la id ill 10\V onc. It 'Indicates that price elasticities are inelastic 

or more inelast ic due to no subs tit uti on (\ ;' othe r modern I.'nergy source like electricity for their 

cooking or l i ~h ti n g plll pooes. On the o:h.: r hand, al most a ll in,:ome elasti ci ti es li ed above one. 

This indicates that incoillc clasticity is t,) be clast ic; thi s result indicatcs that both modern fuels 

could act as a lux uriou.· gUOlI in most cll uillri cs or no fuel in an inferior goods. 

Based on trans-log model st ud ie d by (irii'l in (1977), employed time seri es and cross sectional 

data for hi s anal )'sis frolll 1955-1 % 9, r ,r lJ SA. The short-run price elasti city for kerosene was -

0.87 and LPG -0 .68. On l h~ ()Ih~ r hanl. Ihcse clasticitics in the long-run were -4.32 and -0.98, 

respecti vel y. !\t iksoll and Hoh'erson ( I <>: .) used til1l e scries data to ana lyze two fue l, then the 

price elaslicit y to be +0. 0 I :111 .1 -2.55 rl)J' t.;cros~n e ·.1I1el LPG , by respecti vely. I'i nally, .l ames Ko 

(2000) studi es ano ther long tCI' lllt il1le s~ rics data frontl949- 1991, the priee elasticity of kerosene 

and LPG was -0.29 and -0.1 3. l"rol11 these res ult , the ,: rice elas ti cities for both fuels are inelastic. 

due to , the consu lller are not \\ illi ng to silin other modern energy sources like electricity due to 

more expensive electric Sl'n il'~ ch '-ll'g c ~ 
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Another study was taken place in Latin Amerioa by different Economists, Such as Darby .lack 

(2004), he used cross sectional data for Peru, the~ the price elast icity of kerosene was 0.365 and 

income elasticity to be +0.430 respecti vely at 99% signifi cant. Similarly in Guatema la, Ram us 

I-Ieltberg, used cross s:clion data analyzed and divided the country into two-part urban and ru ral 

sect ion. They used Engle curve regress ion model and iaentifi ed the pri ce e lasticity of LPG to be -

4 .59 and -0. 105, in rural and urban area, respec:ive ly. On the other hand , the pricc elasti city of 

kerosene is to be - 1.75 and 0.709 , in urban and rural area, respectivcly. Finally, The income 

elasti city of LPG in urban was + 1.11 and +2.70 in rural area. It indicates that the LPG in both 

areas or at country level becomes a luxurious good. 

Baltagi and Graffi n (1983) conducted the researci) and '?,rouped the country into low and medium 

income group; the income elasticiti es of the low inc[,;ne cOl;ntri es wc re larger than the midd le 

income countries in the static mode l, but not in the dynam ic modcl. Howevcr, pricc elastic ity of 

the low income countri es were smaller (in abso lute va lue) then the middle income countrics I'o r 

both types of the mode ls . This is because; energy is a necessary ingredient in development so thc 

low income countri es lre less sensiti ve to price changes. 

Mulenga (2000) stud ied, the inCC1J11e e lasticity of household fuel energy are pos iti ve in East and 

South Afri ca. Indicating that no j'Llel is an in fe ri or good i.e. an increasc in the income of the 

household sectors at the country level, :he demand for these fuel increase but. In Zambia , the 

result to be negati ve, due to most citizens uses other energy sources likc charcoal. 

Sathaye and KetoH' (199 1) studied the consumption of pe:rolcum products wi th thc leve l of 

urbanizati on, the consumption of petroleum products incru ise when people tend to live in urban 

areas. [n developing, countries fuel consumpt ion pattern increases with expansion of 

urbanization. As the result, thi s increased consumption pattern similar wi th deve loped countrics. 

(I EA, 1995). 
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Mureithi, Kimuyu, Ikira (1982), conducted to analyze tht . impact or increased energy costs on 

balance of payments, choice of production technology and real income in K.enya by using ti me 

series data for the period 1964-1976. These studies revealed that most or industry in Kenya used 

imp0rl energy sources in their production process. Which are affected by international rue l price. 

Under these studies, the energy cost was the major contri butor of high raw material and produc t 

cost in Kenya. This high en()rgy cost leads to hi gh pri G<! or goods and se rvices. As the resul t or 

high energy cost , the Kenya balance of payments high ly al:ected . 

Coming to Ethiopia , Asemerom Kidane (1991 ), proceeded by analyzing energy demand in rural 

and urban centers or Ethiopia using a tW(l stage l e~s t square methodology. The model used to 

estimate demand for energy in rural and urban F.thopia is bascd on the general houschold 

framework of micro economic theory. The model is rlosed I-,y equating the demand for cnergy 

with the suppl y. He specified three demand func tions for energy, namely, two demand runctions 

ror trad itional energy sources and one for modern energy sources. The empirical results tend to 

support the theoretical prediction of the model. However, there is considerab le variat ion in the 

di rection and size of ,he elastici ties depending on the type of energy source and on the urban or 

rural residence. Still the estimate suggested the economic variables, namely, pri ce and wealth arc 

important in ex plaini ng observed vari ation in demand fo r energy. Most important ly, the major 

finding of the study was that the pri ce of traditional e,lergy plays an important role in the 

consumption of fue l wood and othe: energy sources. 

Similarly, another study was taken by Berket Kebede and Almaz I3ckelc ( 1999), the study 

indicated that the income elast icity vary fvr the diflercnt fue ls. Whilc the demand for charcoa l. 

sawdust, dung cakes, electrici ty and LPG arc income elast ic, fucl wood and kerosene are incomc 

inelast ic. In other wo rds, the first group are luxurious, the lallcr arc necess ities according to 

study. The small income elasticity of kerosene is a clear indicat ion of' importancc of thi s f'uel f'or 

household energy somces. On the other hand, all own pri ce elasl1ci ti es are negative except ror the 

LPG, and the latter is not stati st ically different fr0111 zero. The pri ce elast icity ror firewood. 

charcoal and kerosenf: are price elasti c (own price elasti city greater than one) in urban i.e. the 

urban dwellers have an '~p~:JOrtunity to substitute these goods by other energy sources. 
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This stud y, therefo re , have identified a differen t fac(o:s that determine the demand lor kerosene 

and LPG. And, (he level of income and priee of fuel Jre th" main determinate factors for fuel 

consumption. It is also appli ed kerosene and LPG demand nodel synthes ized li·OIn other models. 

The level of urbanization, population growth and foreign ex;,hange earni:1g are taken as an 

instrumental variable to the analys is of this study. Interestingly, the demand fo r kerosene and 

LPG needs a relevant poliey initi ati ve to the energy sector. On top of that, there is a lack of 

information regarding 0'1 empirical studies for the kerosene and LPG demand in Eth iopia. 
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CHAPTER THREE 

I 

HISTORICAL BACKGROUND OF ETHIOPIAN ECONOMY 

3. 1 The structure and characteristics of the Ethiopian economy. 

The Ethiopian economy is fl.ll1damenta ll y based on agri cul tural activities that are dominated by 

small farm ing practices and production i ~ mostly fo r subsistence purposes. The agricultural scc tor 

is the major sources of production and employment [or propmtion of the population. (N BC 

Bulletin, 2005). From its economic contriblltion, the' sector has the major share in terms of GOP. 

f'or instance From I 964/65 to 2004/05 as a percentage "fGDP, on average, the Sector constituted 

about 47.2% (Appendix - I). 

Under the imperial regIme that lasted until 1974, the country was in land lord tenancy with 

capitalist system. Duri ng this period, the economy was in a period of relat ively political stab il ity. 

Then the economy (I}DP) was growing 3. 7% on average. In th is peri od , agri culture was a 

dominant sector as compared with other sectors. AS a percentage of GO P, agriculture on average 

has constituted 68. 1 % whi le Industry, distributive services and other service wcre constituted 

9.2%, 11.6% and 11.1 %, respectively. 

Sim il arl y, in the same peri od agri cul ture, Industry, distribut ive sector and other services sec tor on 

ave rage grew by 2.0%, 6.9%, 8.0%, and 72% respecti ve ly; this implies that the growth rate or 

distr ibutive sector was higher than other scctors. Consistently the per capita income on ave ragc 

grew by 1.4% with only one year negative growths due to thi s period of po li tical instabil ity . 

(Appendix - I). 

When the Derg mil itary power came to power in 1974175, S('ciali st Sys tem became the main 

ideology. As a result, the major producti ve industries including those edges in production, Export 

and agri culture secto ', ' were nationali zed and replaced by govcrn ment owned production and 

export promotion in socialist period, the economy (real GO P) was growing at 1.9% Per annum on 

average. The Sectoral bases of agricultural production gr.~w by 1.6% Per-ann un during the peri od 

while industry, distributi \(e serv i ce~' and other services greVi 1.4%, 1.0% and 4.1 % per ann um, on 
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average, respectively. Of the five years negati ve growth rate in GDP, three of them were years 01' 

negati ve growth in agriculture, whi le all other sectors declined sharply leading to a negative 

growth rate in GDP anri per capital income. As compared to the imperial era, the growth rates of 

a ll sectors were lower ill ~he Derg reign. The share of' Industry, distributive services and other 

service to GDP were higher in the Derg period while the share of agriculture was lower. It can 

also be observed that the average real GDP growth of lhe Derg regime was 1.9% pcr year 

compared with an average populati on growth of 3% leading to a net decline in per capital income 

of 0.7% per annum (Appendi x I). T he :srowth of both rea l GDP and per capita l incomc in the 

Derg reign was lower as compared with tl,e imperial era. The decline of the pcr capital income 

was main ly attributed by increase the in number :lI1d rate of population. 

EPRDF took the power in 1990191, in thi s period, ini tiated the recent economic reform. The state 

objective of the economic policy for transitional period issu"d on November I 99 I by TGE 

include establi shing peace and security, encourage growth and reduce poverty. To hi s effect, the 

government aimed at replacing the previous centra ll y co manned Derg economy with a market 

based economy through wtionalizing the role of the state in the economy by encouraging private 

Investment, mobilize external resource, and creating mano economic and Sectoral polices. To 

achieve the state objective, agricuilure was taken as the engine and driving forces of growth and 

development under strategy of agri cu ltural deve lopment led industrializat ion (ADU) in tandem 

with structural adjustment programme Polices (SAPP). 

Agriculture has remained the dominant sector an:.! t"kes the highest share in terms of cont ri bution 

to GDP. The average growth rate of agriculture in tl' c EPRDF period was 2.9%, while in the 

imperial and Derg period it was 2% and 1.6%, l'(;sDectiveiy. Therefore, this indicates that 

agriculture has performed better during the EPRDF period In contrast, Industry and Distributive 

sector were growing by abo ut 7.6%& 7.3% in each. While other Services sector (banking. 

Insurance, Public administration and social services) were growing by 8. I %. This shows thai 

industry, distributive lector and other services secto r during the [PRDF period have performed 

better than the Derg pel'iocl. (Append ix -I). ln terms of real GDP and pcr capital income growth, 

the present government is well performed as compared", i'''J the last two governments. 
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Ethi op ia is one of the poorest countri es in the world. Nevertheless, recent asscssment indicated 

that, the economy have recorded some promising result with respect to th~ growth rate of the 

economy. Between 1990191 to 2004/05 , the real GOP of Eth iopia grew at an average rate of 

5.5%. Exc luding year ·j 991192, which was the year of highest polit ica l instability in the count ry. 

the average growth rate .egistered 3.5% with a per capi tal GOP growth rate on average. In 

1992/93 and 2003/04, the highest GOP growth rate was 12% and 12.3%, respective ly (Appendix 

I). 

3.2 Energy and Economic Development 

The need to determine the relationship between en"rgy and economic growth deri ves from thc 

increasing reali zation of importance of energy to the economic development. "Energy is vita l to 

economic development" the share of modern or comir,ercial energy in deve lopment process will 

increase because of rapid growth of inherentl y modern' fuel using sectors of the economy. 

(Dunkely and Hock; 1987) in the deve lop ing countries (like Ethiopia), poverty can not bc 

reduced with out the greater use of modern form of energy. For instance. even now. around 2.4 

billion people have no access to modern fuel and electricity relyi ng on traditional fuel such as 

dung and fuel wood. (World Bank, 2000). 

Hence, several studies undertaken to show the relati onship between energy and economic growth 

in the world . (Leach, etal '1990, Ounke"ly 1987, Arima 1994, Balabanof 1994). Common of these 

studies in finding the income elast icity of energy demand generall y tends to be highly elastic and 

greate r than unity , where as estimated pr i ,:.~ elasticiti es have been diflerent from zero Hnd vcry 

inelastic. The implicat ion being that the fue l ~re necessary good in thei r cconomic acti vities .. 

Analogously price elasti city of energy demand is far 'ess responsive to price change. (Dr Obas 

Johe. et.al, 2000). 

Petro leum is one of the va luabl e commodities in the world, it Las many advantage to man kind. 

[ts economic va lue is to use for transportation activity, Industry, agriculture, service SCC lor and 

communication etc .it i3 also touching every aspect of our daily life (World Bank, 1999). 
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The level of petroleum consumption is directly relaied wi: h economic deve lopment and the 

nu mber of population. Table 3.1 shows that from, 1964/,)5 to 2004/05 the Eth iopia Economy 

(GOP) went up from 6,121.3 Bi ll ion Bin 20,732.7 Bill ion Bir:', and the number of population 

went up from 26.0 Million to 73 .0 Mi llion people in given years. Simil arl y, the refi ned and 

imported petroleum il!creased ti'Oll1 262,310 metric ton in 1964/05 to 1,248.092 metric tones in 

year 2004/05 . (Append': , -5) Therefore, increases in the level of economy or GO P and population 

have an impaet on petroleum consumption. 

Table 3.1 Economic Sector, Totlll Population refined and imported pctrolcum. 

GOP by economIC sector, population refined 1 1%4/65 1974175 1984/85 1994/95 2004/05 1 

and Imported petroleum 
I 

Agri culturc (In million Birr) 4,320.4 ~_ 5,083 .6 4,679.0 6,284.0 9154.8 1 

Industry(ln million Birr) 508. 5 ' 83:.2 1,284.8 2,4 12.5 2228.6 

Di stributi ve (Transport communication ) (In 667.3 1,. 56.7 1,404.6 1,757.3 3160.3 

mi llion Bi rr) 

Other Services (1-11-1, Bank, Insurance) (In 625 .1 1,203.8 1.908. 5 3.190.5 6189 .0 

mil lion Birr) 

GO P (In million Birr) 6, 121.3 8,287.3 8,676.9 12,644.4 20,732.7 
-

No of population (In million) 26.0 32 .7 40.73 54.65 730 

Per capital GOP (in hundreds birr) 235.4 :53.4 2 13.0 23 1.4 284.0 
-

Total Refined and Imported petroleum (In 262,3 10 55 1, II 0 853,332 890, I 04 1,248,092 

metric tone ) 

Source NBE li nd own computatIOn 

3.3 increase Effects of petroleum price on Economic growth and Balance of 

payment. 

Energy pnclllg 111 Ethiopia, as in any other countries, IS an effecti ve instrument for 

implementing po licy. [n the energy pricing poli cy, an important consideration is that energy 
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must be del ivered to the po int of end use and made to the consumers. However, it IS 

recogni zed that a prohib itive price may lead to ineffic ient util ization of resources or may 

make future in vestment in the resource un-economi ,.; . Energy pric ing is used as a tool to affect 

energy conservati on, environmental protection, aoti as means of encouraging exp loitat ion and 

use on natural resources. For instance, biomass energy prices depend on supply and demand 

conditions. Charcoal and fuel wood prices in urban areas fl uct uate with avai lab ilit y of these 

resources. But the general observati on is that the pri ces of these sources are generall y ri sing 

overtime. 

Before 199 1, supply of petro leum products was characterized by inconsistent due to intensive 

civil war of Ethiopia, no imports of large amount of petroleum products. These leads the 

government rationing the petroleum products to consumer in year between 1984/85 to 

1988/89 to relief supply fa ll s. The rationing petroleum product creates black market for 

petroleum products in a country. As the resu lt. the EPRDf governmen t takes measure to 

stable the price of petroleum through cross subsidizati on . (MOFED, 1999.26 8). 

Fig 3.1 Kerosene and LPG price (cents/ liter) 

12 

4 

.;;:.'0'" v'OOj '1,,0"0 '00'\ <;:;'P" ",-'P'" v'OOj n,f,'> 0Oj'\ >:J.<:l" 0-.0'" 
,OJ'd ,OJ'd,~ ~ OJ'<3 OJ'<3 OJ'O 0j0j OjOS <:l<::i DC) " , '\ '\ '\ '\ '\ '\ ~ ~ 

YEAR 

So urce E PE, own computation, Appendix 2 
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Product 

type 

Fig. 3.1 , shows on average, the price of bot[, fuel types was increasing fi'OITI year to year. 

Domestic price change is mainly depends en the pri ces of world oil market. In all years the pri ce 

of kerosene was lower than LPG . The kerosene retail prices are tightly controlled by the Mini stry 

of Trade and Industry. 

Prior to October 1992, petroleum prices have been fixed in Etj,jopia by Ministry of Trade and 

Industry. The prices were fi xed in 1991 /92. The price structure in 1991 /92 was affected f(lll owing 

the devaluation of Bin. In October 1992, price revision enabled product prices reflect actual costs 

for the first time. This.' shown in table 3.2, Price revision were made to reflect economic va lue 

of the petroleum products. 

Table 3.2 Kerosene and LPG "ctail pricc structure (B irr ILitter) 

1980 Oct. 19931 19941 19951 19961 19971 19981 19991 20001 200 11 20021 20031 20041 

to 1992 94 95 96 07 98 99 00 01 02 03 04 05 

1992 

Kerosene 0.60 0.90 0.90 1.0 1.25 1.40 1.40 lAO 1.4 5 1.90 1.95 2.00 2.00 2.92 

0 /0 

( h<lng~ 

I (,()38 

LPG 1.30 1.30 lAO 2.0 2.50 3.69 3.69 3.()9 3,69 10.'18 10. 10 9.38 9.5 7 9.711 r-.m~ 

So urce: EPE, Add.s Ababa retall pnee. 

In line with, the government of Ethiopia shifts toward a nmrket economy; there have been Iwo 

prices adjustment in 1992 alone. These adj ustments reflect first. an increase in the transportation 

allowance to distributors, to reflect the 70% increase in road tari ff rates affected in Apr il 1992 

and second, the cun~ncy devaluation from Birr 2.07/US dol lar to Birr S.60/US dollars on 

October 1992, the first devaluation in over 20 years. (Ministry of Mines and Energy, 1997: 12). 

The government has al reacJy started to revise petro leunl price every three months. The re vised 

pri ces are based on import parity price, transportation ancJ distributi ve costs. 

The revised Petroleum prices was took ;~ lany times from 1992/93 to 1997/98 , the main objective 

of the pricing system dUl:ing these periods was to set prices properl y and to renects economic 

values of the fuel products ,to fac ilities the supply and di stributi on of petroleum products. 

(MOFED, 1999). 
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In September 1998, the government opened an account called "Petro leum Stabilizat ion fu nd " 

account. The main objective was t-' put excess money in thi s account when the world oil market 

price became lower, and to be paid frOln,it when the pri ce goes up. It is believed that this account 

helps to stabili ze the ri se 9f domesti c price and make stab le for some period. 

In short, starting October 1992 to 2004/05, the gO I ernment changed the domcstic price f'or ten 

times. Accord ingly the percentages of Kerosene pri cc and LPG wcrc 160 .38% and 32 1.48% 

respective ly (table 3.2). This implies that the world market price of commcrcial energy is 

increasing form time to time and its demand is al so increas ing. In add ition hi gher petroleum price 

also produce higher price on domestic product and service sectors. 

Increasing of petroleum pnce negat ively affect the economy of deve loping countri cs likc 

Ethiopia. To import petrole'Jm products, we need larg~ amount of foreign exchange and this 

brings a problem in trade balance. For instance, the country's balance of payment defi cit was 

increasing from 1980/81 to 2002/2003 . (Appendi x 5). This de fi cit was fin anced by forcign 

borrowing and donation. 

Table 3.3. The impact .of petroleum Import on Ethiopia foreign trade balance. (In million 

birr) 

Descripti oll 1980/8 I 1985/86 1990/9 I 1995/96 1997/98 2000/0 I 2002/0) 
---

Va lue of good im ported 1,3 84,234 2,20 I ,265 2130305 7708246 933 8459 16193600 I 59':; OOO( 
_. 

Imported petroleum 325,322 252,534 210426 93 1865 22655 15 215 1326 246 500( 

Share of impOited product 24.9% 11.5% 10.0% 21.1 % 24.2% 13. 1% 15.40/. 
---

Va lues of exported goods 851 ,509 923 ,816 542485 2539056 414 1582 7981 500 977790( 

Trade ba lan ce -53 2,725 -1 ,277,449 -1587820 -5169190 -5 , 196,877 -8,21 2,100 -6,1 52. IO( 

Source- own compu,dlon 

As shown in tab le 3.3 during the period 1980/81 to 2002/C3, the payment for imported petrole um 

was 24.9%, 11.5%, 10.0%, 12.1 %,24.2%, 13. 1%, and 15.4%. respective ly. Thi s im pl ies that 

imported pet roleum share (like kerl'sene) has an impact Ol~ the country imported goods. 

Therefore, hi gh petroleum prIee impli '!s high fore ign exchange req uirement to import it. In 

add ition, it has negati ve impact on the trad ,~ balance and dep letes the fore ign exchange reserves 

orthe country. (Appendix -5) 
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3.4 ENERGY AND ENVIRONMENTAL IN7ERACTION 

The relationships between human be'ng and environment have strong interdependence. Man 

survives when the wider enviro nment is conducive to his Survival. It is true also that the 

atmosphere plays key rote in the exehangfC of l·adiatiolLeneLgy_b.etwcclL lbe e.arth and the Sun. 

However, thi s important hll1etion of the atmosphere is being threatened by the rapidly increasi ng 

concentrat ion of Green House Gases (GHGs) in the atmosphere as a result of human 

interference. 

Em iss ions from conunercial energy use are the single largest contributor to global warming, 

Energy related activities, Such as transportation, Contribute both directly and indirectly to 

generation of Carbon :lioxide (C02) and other GHGs. Emission from agriculturc and end usc, 

Methane emissions frolii r,atural gas leaks and coal mines are sign ificant and harmful as we ll. It is 

known that most of hi storical and current emissions 'J f green house gases originate [rom 

developed countries. Ethiopia's green house gas emission is very small as compared as other 

developing countries.(Leach . G 1990) 

According to United Nation for Develop'ng Countries report indicators (2004), the GOP per . . 

unit of energy use from imported petroleum pro(1uct (which measures energy effic iency) of 

Ethiopia in 1980 and 2000 was 3.4% and 3.9%, respectively. The carbon oxide per capital mctric 

tone was 0 and 0.1 in 1980 and 2000, respectively. ,r; compared with all de ve loping countries, 

1.3 and 1.9 metric tone in 1980 and 2000, respective ly. The CO 2 emission per capital in Ethiopia 

was very low. [n addition, it was very low in Ethiopia as COlT, pared with world wide emission 

level of3.5 and 4. 1 for the same period, respectively. 
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Table 3.4 The residential and other se rvice sector wise Ethiopia 's GHGS emiss ion in the 

Periods bet". ~en 1990/ 1991-2004/05. (IN MT) 

. 
Year Keroscne GHG emission gm/litter LPG GHG cmission gm/kg 

Co CH4 TNMC N20 Total Co CH4 TMNC N20 Total 

1990/91 34.6 15.4 7.7 U5 58.85 14.0 1.5 1. 5 0.04 17.04 

1992/93 92 .7 41.2 20. 6 3. 1 1:'7.6 16.3 1. 6 1.6 0.04 19.54 

1994/95 148 .7 66.1. 33. 1 4.9 252.8 18.3 1.8 1.8 0.05 22.15 

1996/97 192.0 85.4 42.7 6.4 326.5 15.9 1.6 1. 6 0.04 19. 14 

1998/99 177.1 78.7 39.3 5.9 30 1. 0 4.1 0.4 0.4 0.01 4.91 

2000/01 202.1 89.8 44.9 7.8 344.6 25; 2.6 2.6 0.06 30.76 

2002/03 242.3 107.7 53.8 8.1 411.9 27~9 1-2.8 2g 0.07 33.57 

2004/05 299.7 133.2 66.6 9.9 509.4 42.2 4.2 4.2 0.10 50.7 

Total 1,3 89.2 617.5 308.7 473 2362.7 164.2 16.5 16.5 0.41 197.6 

And 

Year Wood GHG emission gm/kg Clurcoal GHG gm/Kg 

2000/01 6998 1437.71787.2 .15.2 1 82,224,800 581 1 17.5 18.7 I 0.09 16,073 ,000 

Sonrce IPCC and own computatIon. 

There was a general increasing trend of GHG emiss ion in Ethiopia in peri od 1990/91 to 2004/05. 

The relative composition ·of GHG emission for year 1990/9 I to 1996/97 and 1996/97 to 2004/05 

sho w that total (gross) GHGs emiss ion increased hy i 54% and 56%, respective ly for kerosene . 

Similarly, Increased by amount of 12.3% and 164.9%. lespectivel y fo r LPG . 

In Ethiopia, the total amounts of GHGs emission from period ))90/9 1 to 2004/05 was 0.002MT 

fo r kerosene and LPG with 0.00019MT .on the other hand, the G HGs emiss ion From wood and 

charcoal that used in ::000/0 I was (82 MT and6 MT) respect ive ly. Thi s resu lt shows the emiss ion 

of GHGs from kerosene ~nd LPG that are used by household and service sectors is ,·ery small 

than the GHGs emi ssion frol11 wood fuel and Charcoal. (EPE (2000), FAO (2000), lEI (2004)). 
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3.5 Commercial Energy in Ethiopia. 

During pre-reform pr"i od, import and processing of crude oil and the task of whole sa le 

distribution was the responsibility of the Ethiopia petroleum corporation. Its operation was under 

the supervision of the ministry of Mines and Energy. III the post-reform period, it was given a 

status of public enterpri se to be managed and supervised by a Board Management and Ethiopia 

Petrol eum Corporation has been renamed as the Ethiopia Petroleum Enterpri se (EPE). 

EPE played a very important and prominent ro le in the national economy, within its capacity it 

has done everything po~sible to ensure adequr.te ~nd reliable supply of petroleum to sat isfy 

consumers need. Unti l 1978, all the oi l need of the cOl ,ntry was covered by Assab refinery at an 

average production rate of 45,000 metric tones of prorl'lcts per year. However, from 1978 to 1991 

the country's demand for oil became beyond the capaci t,· of the refinery and the balance was 

imported as refined products. During this period, the balance w~s 700.000 metri c tons per annum 

on average (EPE, 2000). 

Assab refinery was guv\~rned by the Ethiopian government before 199 1, but in 1991 the 

Ethiopian government gave the Assab refinery to Eritrea when Eritrean decided to independent 

from Ethiopia. As the results of Fritrean independent , the Ethiopia government tends shi ft s to 

import different petroleum products from abroad through EPE. The products were liqu id 

petroleum gas (LPG), Motor gasoline, Jet fuel, Kerosene, Automoti ve diesel oil (Gas oil ), in land 

fl.lel oil, export fuel oil, marine fue l oil c!'ld asphalt used for road and construction ac ti vities 

within the country. (EPE,,2000). 

Since July 1997 Ethiopia's petroleum product impor!] have been solely con fined to imports of 

refi ned petroleum products the suspension of petroleum relining at Assab is exclusive ly made for 

economic reasons and it benefited both Ethiopia and Eritrea. A~;cord ing to 0nc opportunity cost 

calculation, the net saving by direct import of refined products is around 10 millions USD 

(MOFED, 1999). By .'0 doing, EPE has kept the country from heavy expenditure of leJreign 

currency which would have been spent on importing crude petroleum. Most importantl y, to avoid 
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shortage and in convenience, EPE has built fuel r"~po t s ill Bahirda r. Go ndar. Shashcmcne. 

Kombolcha, Agaro, Gam bell a, Adigrat, Welayta and NekeL<,ete. 

Ethiopia lacks domestic petroleum sources and all its o il need is fu lfi ll ed th rough import at ion. 

This im portation uses il significant pal1 of its foreign exchange although Ethiopian's petro lculll 

consumption is among the lowest in Africa, For instance, 1980/81, the imported petro leum 

product used up 40, 5%, in 1990/9 1, 38.8% , in 2000101, 26.9%, and in 2004/05 with 19.3% of 

total ex port earni ng, respective ly. These fi gures indicates that the imp roved ex port ea rni ng 

caused by exporting different items and expand export opportunit ies, but, sti ll, us ing large 

amounts of foreign exchange [or importi,g the petro leum product to Ethiopia (Appendi x -5). 

As presented Table 3.5, we compared the average consumption of petro leum products li'om 

1980/81 to 2004/05. During 1980/81 to 1992/93 and 1 ')93 /94 to 2004/05, Kerosene consumpt ion 

increased fro m 5.5% to 18.8% and LPG went up from! ,0% 10 2.0%. Contrary, the consumption 

of jet fue l, gaso li ne and in land fuel o il went down li'om ' 1 5,3 % to 5.2%, 18.5 to 15.2% and 

12.0% to 9.2%, respectivel y. In 1980/81 to 1992/93and 1993/94 t02004/05, the consumpt ion 

kerosene and LPG went up by 24 1 % to 100%, res pecti vely between the two categorized periods. 

The consum ption patterll of kerosene and LPG is directl y related with the deve lopme nt o f 

economic acti vities i.e. when the countries tends to move more urbani ze, the economic activ it y or 

indi vidual s changes fro m trad iti o ll ~, 1 to modern li fe , due to the increase the prices of biomass fuel 

in urban areas, etc. as the result, kerosene and LPG become the most preferable energy sourcc to 

urban dwellers. Similarly kerosene used for lighti ng purpose where no e lectricity in rural and 

remote areas of Ethiopia. On the other hand, the dec li ne in consum pti on share of other petrolcum 

products such as Jet fuel is mainly attributed that fud used by j et for defense act ivity is dec reased 

due to stopping of civil war between Ethiopia and EritI ea. On the other hand. the consumpti on of 

inland fue l oil become decline where the industries th , ... ' Ising electricity fo r their energy sources. 
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Table 3-5 consumption of petroleum product by produrr type. 

Petro leum products In 1980/8 1-1 992/93 1993·94-2004/-05 

Average annual product in % Average annual product in % 

Kerosene 5.5 18.8 

LPG 1.0 2.0 

Diese l 46.5 49.5 

Gasoline 18.5 15.2 

Jet fuel 15 .3 5.2 

Inland fuel oi l 12.0 9. 1 

Other 1.2' --

Source - EPE, Own computation. 

The Regional distribution of petroleum consumption in. retail sale of petroleum is categorized 

under 6 business regions of the country as used by EPE and the compan ies. These regions arc 

Addis Ababa, North, South , East, West and central regions. 

From table 3.6 we ubserve that the consumption of petrol eum in Add is Ababa on average 

decreased from 40.2 to 3~. I %, followed by the central region whose share declined from 19.0% 

to 17.0% in the given two periods, similarly the Easter .egion also we nt down form 17. 1 % to 

16% . On the other hand , Northe;n, Western and Southern region consumption , on average 

increased by 0.5%, 0.7%, and 3.7%, respecti vely. (Appendi x -3). Thi s was because of the size or 

Addis Ababa decline, the central and e~stern region shifts to Southern Parts when the coun try 

implements Federali sm. In line with, Nc' rthern , Western and Southern region have Shown 

increas ing consumption due to urbani zation, investn ,ent growth , populati on growth etc. 

[n terms of petroleum station different companies( S::ell , Mobil , Agip, Total, NOC, Y.I3 .P) has 

installed thei r stations in different parts of the country to whole and retail purposes of petro l cum 

products, and their distri bution depends on economic and in i:'ast ruct ural deve lopments of the 

regions. 
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Ta ble 3.6 Regional consumption of Petrole um (i'1 percent) 

Region 1985/86-1 994/95 1995/96-2004105 

Addis Ababa 40.2 38.1 

Central 19.0 17 .0 

Eastern 17.1 16.0 

Northern I 10. 7 11. 0 

Western 8.2 8.9 

Southern 5. 1 8.8 

Source- EPE, Own Computati on. 

Thc consumption of Kerosene and LPG for res idential and other services sectors are increas ing 

form ti me to time, from Table 3.7, we look at kerosene and LPG Consumption growth by 

regions indi cate that Kerosene consumption of north ;'egion registered the largest growth about 

384.6%, followed by Eastern region and Southern r,:gion, .: 66 .4% and 188.2 %, respecti ve ly 

between the two given years. Similarly, the consumption gr0vlth of the given region like Eastern , 

Northern, and Western region have shown 358. 1 %, 349. 0% ,md 326. 1 %, respect ive ly on the 

same peri od. As the result, the consumption of Kerosene and LPG increased larger proport ion in 

Northern, Southern ard Eastern than the region o f Add is Ababa and Centra l region. In li ne with , 

the ann ual growth consumption of the given six regions as a who le, 0 11 average , the consumption 

of kerosene went up by 50.1 % in 2003/04 from year 1 ) 93/94 . In addition, the consumption of 

LPG in year 2003/04 has grown by 95.0% from yea r 1993/94. 
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Table 3.7 kerosene and LPG consumption gro'A'th by region 

Region Kerosene(MC) LPG(MT) 

1993/94 2003/04 Average 1993/94 2003 /04 Average 

annual growth annual growth 

In % in % 
-

Add is Ababa 6 1,86" J 84278 36.0 7804 83 12 6.5 

Central 37932 I 46182 21.7 930 3948 324.5 

Eastern 2 1,489 49307 129.5 771 3532 358 .1 

Northern 5625 27261 384.6 508 2283 349.4 
I 

Western 6,527 23916 266.4 390 1662 326. 1 
-- --

Southern 9902 28533 188.2 250 1038 319.2 

Tota l 143 ,341 251 , 100 50. 1 10,653 20,775 95.0 

Source own computatIOn 

Fig 3.2.shows, the consumption of kerosene and [ Y G have grown a lmost simi lar from yca r 

1964/65 to 1986/87, but from year 1987/88 t02004/05 inc;reasing from time to time except the 

year 1989/90. Thi s increasing consumption brings from high .evel of urban ization , popu lation 

growth, investment growing etc. (Appendix -6) 

From year 1989 /90 to year 199 1 /92, the consumption of Kerosene and LPG we re decreased due to 

an intensive civil war between Ethiopian and Eritreal], after the civil war stopped , the [PRDF 

government took the power and l ib~ ra li ze the market, set ewnomic reform, and make new encrgy 

policy. As the result , the consumpt ion ;)f Kerosene and LPG has been growing from year 1991 /92 

to year 2004/05. 
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Fig 3,2 Cons umption kerosene (in MC) and LPG (in MT) in Eth iopia, 
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CHAPTER FOUR 

THE DATA AND METHODOLOGY 

4.1 The Data - Sources and Types 

The stud y employed a time seri es data from differe:lt SOUices that covered the peri od from 

1964/65 to 2004/05. The major sources of data for the analysis are stati sti ca l abstracts and 

journals, different annual Bulletins, reports, etc. These mateial s co llected from Ministry of 

Mines and Endb, Ethiopian Petro leum Enterpri se (EPE), Ministry of Trade and Indust ry, the 

Ministry of Financ,· and Economic Development (MOFED), Ethiopian Rural Energy 

Development and Prom)tion Center, Central Statistic Agency (CSA), National Bank of Ethiopia 

(NBE), Ethiopian Custom Authority and Addi s Ababa University library 

4.2. Methodology 

4.2.1. Model Sp~cification 

4.2.1. 1. Kerosene and LPG Demand fllncti()fl 

The theoreti cal fo undation of Kerosene and LPG demand (Sp~c i a ll y Kerosf:ne demand) model 

used in th is study is based on di fferent research by Michael Kennedy (1974), Masayasu, Ishi gure 

and Akiyama (1995), Antonete D's etal (2004), Gately and Streifel (1997) and Hosier.R. etal 

( 1993). All of them agf':ed that kerosene demand (K) is a function of the price of Kerosene (I' K) 

and Income(Y). 

Accordingly, the static models arc used by Michae l Kennedy \ 1974) and Masa Yasu, Ishigurc 

and Akiyama (1995) attempt to ana l )';_~' the price and Income elast icity of demand for Kcrosenc 

and LPG. The model considers Kerosene dCIT,and (K) is a function of the real price of Ke rosene 

(PK) and real income. (Y): 

K =f (I', Y ) -------------------------------------------- ------- ----------( 4. I ) 
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In th is case, the Authors agreed that the two vari ab les are the major determinants of Kerosene 

demand. 

Similarly, Michael Kennedy also considereJ a dynamic model specificat ion li ke Kerosene 

demand is a function of its lag variable as K,_I , then it shows below 

K = f (P, Y, K,_I ) ---------------------------------------.------- .------------- - - - --( 4.2) 

Considering equation (4.2) above, the implicat ion is that, prices and income have sim ilar lag 

structures, If this assumption is relaxed, the result is a distributed lags dynamic of the gencra l 

fo rm. 

K = f (L:P I-I , L:Y,_I )------------------------------------------------------------( 4.3) 

Then, Michael Kenedy (1974) modeled demand fo r both fuel. He began by a simplisti c mode l 

which assuming that demand is homob~nous of degree zero in price and Income and dcnccted 

price and Income into real value which yiel l1.ing a log-linear simple static model as 

InK= C + ~ lnP + a ln Y + E. ------------- -- ----------------------------(4.4) 

Where, K is kerosene consumed, C is constant, P is real pn ce of kerosene, Y is real income and <. 

is random error term .. To distinguish between the effects of a rise in GN P due to an increase in 

population, He took the Number of people into consideration and come up with the equat ion 

(4.5). 

In ( KJPOP) c + ~lnP + a ln(Y/POP) f- £. ------- ---- ----------(5.5) 

Dr. Obso and Ebohom (2000), 1: price, etal ( 1998), Barnes, eta I (1994) , Tobies, eta I (2002). 

Mark Rusenezeweig (1998) , in the ir stUl' y analysed Kerosene demand is a function of Population 

growth and Urbanization level. Like 
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K = f( POP, U) + E-- ------------------------ ·----- ------------------(4.6) 

Where K is Kerosene consumed, POP is Population growth; U is level of urbanization and £ IS 

error tenn. 

A. Senehadji .etal (199 1), in hi s study \"lJ1p loyed Kerosene demand is a function of fc)rcign 

exchange earning througli export like 

K = I' ( FEE ) + E------------------------------- .----------------------( 4.7) 

Where , FEE is foreign exchange earnll1g. 

Accordingl y, different otudied by different Authors analyzed that demand for Kerosene and LPG 

as a function of Price of the ['uel, Income, Population growth, level of Urbanization, t()reign 

exchange earnings and others, th (,11 the model is as fo ll ow 

K = f( Pk PU'G . Y, POP. U, FEE , E )----------------------------(4.8) 

And the above given equation (4.8) and .'ormat that also help to use the model for LPG. as 

fo llow, 

LPG = f( I'LPG, PK. Y, POP, U, FEE ... )------------------------(4.9) 

Where, LPG: - Liquid Petroleum Gas Consumed 

pLPG : - Price of Liquid Petroleum gas 

In general , Smith and Person (1995) , acknowledge the fact that, in principle the demand for any 

particu lar commodity IS -:Jetermined simultaneously by all other va ri able of the economy. The 

implication is that inclusion of additional explanatory variable. will improve that rea li sm or the 

model and its performance at lea';l for forecasting. Using ('qu3tion (4.8) and (4.9) and expressing 

the variable in a natural logaritilmi ~ form, we attempt to look at the relative contri bution 

(E lastic ity) for each variable, to the cpnsumption of both fuels ; the model to be estimated is 

speci fi ed as 
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LKCPC, = ~o + ~ 1(LRl\), + ~2(LRPLI'G) I, + ~ ](LRrpC), + 

P4(LPOPG) , + ~ s(LU), + ~6(LRFEE), + E, ----_________ (4. 10)3 

[n eq uation (4. 10) , KCPC is K,.,roscne Consumption Per Capital, RPK and RPLPG are real 

price of Kerosenc and LPG, respectively, RIPC is rea l income per capi tal, POPG is population 

Growth, U is Level of Urbanization, RlOEF is Real foreign Exchange earning and I: is the 

error tenn . 

Similarl y, the LPG dcmand log-linear equation can be given as 

LLPGCPC, = ao + al(LRLPG), -1- a 2(LRPd, + a] (LklPC), -1- a ,, (J-POI'G), 

+ aj(LU), + a6(LRFEE), + E, _______ ___ ___________________ (4. 11 )4 

Where, LPG CPC is Li ~: uid Petroleum Gas Consumption Per Capita and the other variabl es arc 

defined as before. 

J. 2 the LPG Price (I\PG) is included in the kerosene equation to caplll "c the substitution effect between Kerosene and LPG. 

The same case applies to the kerosene Price (1\) in the LPG equati on. 

3." the vari able arc in logari thms since this has to be the Illost appropriate fun ctional form and furth er morc has to conWllh;ncc 

or giv ing constant elasticities ( the claslicill.!S oC de:lland arc assumed 10 n:rnai n constant.) 
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In the literature review attempt was made to give the variable which influence the demand for 

energy (Kerosene ant~ LPG) in the economy. A fa ll in consumption of both fuels is likc ly to 

follow higher prices. I: wou ld also be ex pected that kerosene / LPG consumption can increase 

due to growth in income (GOP), Population growth, L'rbani zat ion , f'ore ign exchange earn ing. 

There fore, the set of relation shin descri bed in the liternture review and mode l specifica ti on 

constitute the basis for the hypothesis to be tested in the stud y. 

Finally, the anticipated signs of the coefficients wi ll be PI <O, whi le P2, P3. P4 Ps and P6 are 

>0 for kerosene demand. Similarly al<O, while a2, a), a4 . as and a6 are >0 for LPG 

demand. 
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4.2.2. Econometric Methodology. 

StatiOIl.1ry and Non-Stationary series 

Time seri es data have becol1l ~ so frequent ly and intensive ly used in empirical research. In dealing 

with time series data is common practice to test the hypoth,!sis that the process generating a se ri es 

has a unit root versus stationary. If the variables are stati onary, we can apply the ordinary Least 

Square method. if the variable enterinL~ a regression are not stationary. These result that are not 

obtained using Ordinary Least Square tccillliq 'Je would be "spurious" (Leybourn and Newbold , 

1999) 

A seri es is said to be covariance (weakly) stati onary if it exhibits the following three cri teria 

i) Exhibits mean reversion in that it fluctuates a'mllld a constant long run mean. 

ii ) Has finite variance that is time invariant, and 

iii ) Has a theoreti cal correlogram that diminishcs as lag length increases. Moreover. 

the impac t of stationary series is temporary whi le for un it root is permanent. 

On the other hand, a series is non-stationary (Unit root) if it has no long run mean to which the 

series reverts, has a variance that is time dependent and a slowly dying out sample correlograms 

(Enders, 1995). Thus, the first thi,:g that one has to do for this estimation of time series data is 

ensuring whether the series is static t1ary or not. Because, estimation techniques applied to 

estimate the relationships between vari ables i" the presence of unit roots result in regress ion that 

are SpUrious. 

Spurious regress ion is a situation in which results obLlined from the regress ion model that there 

are stati scally significant relationship between the vdriobles, has a higher R2. But without 

meaningfu l causal relat ion or contemporaneous correlations ( Harris, 1995). 

One poss iblc Solutio:1 of avo iding unit-root problem is through a transformati on of variabl es in 

the fo rm of di ffercnci "g to remove the non-stationary (Stochasti c trend). Accordingly . if thc 
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se ri es is differenced once to induce stationary,S it i!; often referred to as integrated of order one 

I( I );on the other hand , if they are differenced, they bec ome stationary6 most economic variab les 

are however, in the category di fference stationa ry p,·ocess(lnaddala. 1992). Such a procedure 

gives the short run dynamics whil e ones interest may be ir. determining the long run parameters. 

But , if the seri es is stationary at leve ls, it is often described as integrated of' order zero I (0). 

Generally if the seri es~i s differenced d time to attains its stationary, it is referred as integrated ot' 

order d ; I (d). 

Tl'st for Unit Roots. 

There are several mechanisms that aid to i ci en~ificatio n of unit root in time seri es date. The most 

commonly used test for order of integratioC' is the OF (Dickey Fuller) test and ADF (A ugmented 

Dickey fl.rll er) test. The Dickey fuller approach tests the null hypothesis that the seri es is non­

stat ionary aga inst the alternative of stationary. Based on OF test, the seri es Y\ becomes stationary 

if' the abso lute va lue ofli' in the equation (4. 12) is less lh~ll I. It will not be stationary when Ihe 

absolute va lue of is Ii greater than or equal to I. 

Y \ =Ii Y I- I + E \ ------------------------------------------------------ .. -------- - (4 . I 2) 

The DF test is based or. the fo llowing regression equation. 

Do Y\ = Y Y\. I + E \ -----.. ·------------------ ---------- -------------------- ------(4 .1 3) 

Do Y\ = ao + y Y \. 1 + E\ ----.. - - -- - -- ----------------------------------------(4.14) 

Do Y \ = a 0 + Y Y\.I + a 2 I + E \-------- -- -- .... ------------------------------(4.1 S) 

5 . A stochast ic trend can be removed by the firsl dirrt:rcncing. since XI is then Irend tess as ,XI := :J+U1. XI is then rdclTI.:d 
to as a difTcn:llcc stationary process(Tomas, 1997). 
6. ;\ determin istic trend can not be remo ved by iiI'S! differencing, Since th is does not remove I-from the process. I f xl ' CL ' 

0 1 + U1• and XI Subject to stich a trend th en it is said to be a trend Stat ionary procl:ss. (Thomas. 1997), 
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Equat ion (4. I 3) is a pure random walk moJel, Equation (4.14) adds drift or Intercept te rm and 

equation (4. I 5) includes both dr ifts and a linear time trend. 

The above equation (4. 12) can be transformed to eql,at ion (4. I 3) to make it more sensible for 

economic hypothes is testing. Hence equation (4. 12) is sl"Jtracted by YI_I to generate equation 

indicated in (4. I 3). In thi s case, y= l-o. The Dickey fuller test then states the wil l hypothes is as y 

is statistically equal to zero aga inst the alternative of y<O. Rejection or y =0 in favor o r the 

alternative y<O ind icates that YI is integrated of order zero. But. if the nu ll y=O not rejected, then 

the process is not stationary and one needs to test for higher order of integration . However, if the 

error term in the above equation is not white noise i. e. d')esn' t have a zero mean and constant 

vari ance; however, the DF test wiii not be va lid. This is the major weakness of DF test, in other 

words, the disturbance term EI is assurr,ed to be independentl y and iden tica ll y di stributed (lID) If 

thi s assumption is incorrect then the limiting distributions and cri tical va lues obtained by DF test 

cannot hold. The Augmented Dickey Fu ller (ADF) test, however, take care of this problem by 

including the lagged left hand side variable as an ac.d itiona l explanatory variable to approximate 

the auto corre lation. The ADF test procedure is identicJI to the standard DF test procedure. Then 

the ADF has the fol lowinlS form. (Harris 1995) 

Thcrefore, if 01=0, the '{I ~equence contains a unit root. So, after estimating the equation by OLS, 

the resulting t-stati stics are compared with the cri ti ca l vdues given by the ADF tab le. ir the t­

statistics computed is less than the criti cal value, then the se ri es can be sa id non-stati onary 

(Enders 1995). 

Al though DF and ADF unit root tcsts are v 'dely known and used in the literature; however, there 

are other unit root tests which can use those wide:y to stationary tests i.e. Phillips-Peron (pp) 

tests, Sargen-Bhargaua, Variance ratio test can be repr~ :;entat i ve example other than ADF and DF 

tests (Maddala et al 1999). 
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Philips-Peron test has senous "s ize di ,; torti on" prob lem in finit e sample size when the data 

generating process has a predomi nance of negative auto correlation in the !irst difference (De. 

Jong et al 1992) as quoted in Madda la et a: (1999). Th is has often been taken to suggest that the 

Ph ilips - Peron may be less reliable than the ADF test, where there is pre-dominance of negati ve 

correlat ion in first difference (Maddala et al 1999). 

Moreover, Phili ps-person has been suffering from the problem of "size di stribution and lack of 

power of unit root tests" (Madda la et al 1999). They argued that the Phil ips-person test displays 

size di stortion the pn;~ence of negati ve ly correlated moving average error wi th hav ing a low 

power of 0.1 0 against the trend stat ionary alternati ves. In contrast, the ADF test has the power of 

approaching 0.33 and thus likely to be more useful in pra~ti ce. (Madda la et al 1999). 

In th is paper, stat ionary test is undertaken by A DF because, as discussed prev iously , it is be tter 

then DF and Phili ps person test and It " widely practiced in most literat ure, mo reover, ADF test 

can be easi ly access ible in vari ous Econometric so ftware, such as PCG IVE and PCFIML than the 

others. Therefore, the ADF test for unit roc; is selec!.cd in thi s paper. 

Co-integration and the Error-correction Model (ECM) 

In order to obtai n both short run and the long-run re lationships, one can use to what is known as 

co integrati on. The C(,ilcept of co-integration implies that even if many economic vari ables arc 

non-stationary, thei r li l!ear combination may be stati onary (Cutumbe rsone , et al ,1992). I r thi s 

holds , we say there is long run relationshi p (Co- integration) between the vari ab les invo lved. 

According to Engle and granger (1987), Co integrat ion is defined as situation where two or more 

ti me series are linked to form an equi librium relaticnship over span of time . In other words, even 

if the indi vidual time seri es data are non-stationary , their linear combination could be stationary 

and they will move closely together overtir,le to l~l a;(e their differences stable (stat ionary) 
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Lack of co integration on the oth8:' hand suggests the absence of long-run link7 between the two 

variable and this leads to the probkm " Spuri ous correlation.", more forma ll y, If two variables 

say X, and Y, are I(d) and error term E, is J(O), then the two series are said to be co-in tegrated of 

order( I , I) . 

There are two common methods of test ing fo r co-integration. These are the Engle and Granger 

(1987) , {hence forth called EO two step procedure} o:1d Jol:ansen (1988) maximum likelihood 

method. 

In EG two-step methodology, 8 the res idua l from a long-run model OLS regress ion is testcd for 

uni t roots based on A])F stati st ics. Next, order of integrati on is tcsted whether the error term f:, -

I (0) against its al ternatl've 8, - I (1) from the first OLS regression. 

The EO method is applicable only fo r single co-integration vectors; moreover, it pre-assumcs that 

the va ri ab le in the ri ght side is weakly exogenously (determined outside the model) while the left 

side (dependent variable) be ing endogc,nous. But in many instances, there exists endogenity 

character among variab les and, inferences made based on such pre-supposition. may bectlme 

some time misleading (I-Janis, 1995). 

The EG procedure; However, is cri tized on grounds (J-l:trris, i 795). 

i) Tests for co-integration is likely to have lower power against alternativc 

ii) Infin ite Samples, estimates of long run relationship are potential biascd 

ii i) Inferences cannot be drawn using standard t-statistics about the sign ificance 

oj the parameters of the long run model. Because, since the procedure 
s, 

inv;,lvcs two steps, errors commuted in the I step are carri ed over to the 

next steps (Enders, 1995). 

7. a failure to find co-integration does not n c ':~ssarily mean th at there is no long run rctat ionship but only suggests the ahsl.:llcl.: 
of longvrlllllinear relationships (i-Iarris 1995). 
8. in testing lor co-integration in EG approach. th'; 1 SI step is 10 estimate the Long Llll model and oblain tile resulting rt.:siclu(lls 
and thc second stcp involves test ing for the stalionuy of the residuals. If the residual is stationary. the series is co.intcgra tl.!d 
(E neiers. 1995). (11 ~ tl P : rank orl11atrix 11 . 
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By, usi ng the Johansen' s ( 1988) max imum likelihood es(imato rs, the above pit falls of the L::G 

test can be avo ided. In Johansen's procedure 

i) It does not I1'1.ke a prior ass um pt ion about the ex istence of at most a single 

co-integrated vector; rather, it ex plicitl y tests for the ex istence of mult iple 

co-integrating vectors. 

ii) ft is set up on a tmifi ed frame work for est imating and testing co­

integration relationships on the basis of the Vector Error Correct ion 

Mechan isms (VECM) approach. The VECM contains informat ion on both 

the short and long run adj ustment !o changes in the variables in the mode l. 

iii) It rests upon appropriate stati stics fOl hypothesis testing for the number of 

co-integrating vectors and tests for restri cti on upon the coeffic ients of the 

vectors. 

Thcrefore, my study applies the Johansen Maximum likelihood procedure to test for the existcnce 

o f a co-integrati on Vectors(s) . In the Johansen procedure. there is no a priori Categorization of 

variables as exogenous and end r.~~e:1ous. Hence, given equation are (4. 10) and (4. 11 ). It is 

poss ible to represent our variable by i '. vector X, and our modei as an unrestricted vecto r Auto 

regression (VA R) with K-Iags (Johanser" 199\ 45). 

X, = 11 lXt-I + 112 X'_2 + --------------+ Ilk K,_k + cD 0 t + U, ----- -(4. 17) 

Whe re, X, is an (nx I ) vector of endogenous variable. II i is ~n (nxn) mat ri x of parameter, and U, is 

independent and normally di stributed with mean of null vector 0 and Variance of Q, i.e. U, - IN 

(O,Q). The determini stic terms 0, represents vectors of dummies and constants that arc fi xed 

and non-stochasti c ECiua tion (4.16) can be specified in VECM form as 

t.X, = fl t.X ,-I + f 2t. X ,-2 +-----fk-l t. X,-k+l + CD 0 + 11 X ,-k + U, -----(4. 18) 

Where, estimate of ri define the short run speed of adj ustment, whil e 11 contains the LR 

information, 0 , represents Vector, " f dummies, intercepts and pre-determined exogcnous 

variables. If the rank (r) of 11 is zero, no stationary linear combinat ion can be identified and 
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hence the vari ables in Xt are not co integrated. If n h:.is full rank, that is if r = n where n is the 

number of variab les entering the co- integrating spsJ;e, it implies that each variable is "Co­

in tegrated" to it se lf, and hence each variable is I (0), which is in contradiction with the fact lhal 

the variables are I( I ).The. interesting case is, however, where n has a reduced rank, that is. there 

are r':: (n- I) co-integration vectors presents in p 

n may be decomposed into two matrices a and p, such that n = a pi , where a and ~ represents 

the speed adjustment to disequili brium both can be rt!cluced in dimension to (nxr)9 . In this 

regard , p represents (nxr) vector of long run parameters that makes pi XI stationary and the (nxr) 

a -matrix consti tutes the speed of ,idj ustment to disequi librium. I-Ience, nXt-k in equation 

(4.17)10, is equivalent to a pi Xt-k represents up to (n- I) linear combinations(co- integrat ing 

vectors) that ensure the convergence of the vector Xt to their long-run steady state path. (I-Iarris, 

1995, Cheremeza and Deadmen, 1997). 

9. Once we know how many r linearly independent columns there ~rc in 11 (i.c_ Olll" we know its rank). we then known that the 
last (n-r) columns of ;al'c zero and thus that the 0.38Lasl (11-r) columns of B arc nOll-stationary and do not en!!;:f equat ion (11.1 7 . 
Thus. il is in Ihis sense that we can then reduce the dimensions of aancl P to (nxr). 

10- for morc analysis. equation (4. J 7) can be written out in full flS 

Table 

~Xlt ,',X lt -; all UI2----U ln 

~X2 ,',X 2t-; UII UI2- ----a ln 

=fl + 

I1Xnt flX nl-i anI a.l~ - -- - U lin 

PII Pw------p nl ~Xlt-; 

Pl2 P22 -------p n2 ~X2 t-1 

Pin P 2n-- --- -p nn 6.X IlH 

all represents the speed at which tl.X II. the dependent variables of the \ 'ECM . adjusts towards the single long-run eo-intcgrCllioll 
relationship WII ~XII_I + P21 L>.X 21 _1 ----+ Pn l .6.X III _I ). While a 21 repre sents t~l! speed at which L>.X~1 adjusts. and L\X nl shows 
how fast L\X m n.:sponds to the disequilibrium changes represented by the co I:ltegratiun vector. Each of the r nOll-zero columns 
of a contains informmion on wh.ich co integration vector enlers which short-run .!.:juation. and on (he speed of the short-run 
response to disequi liblilllll all. (Harris. 1995. 98). 
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Finally, In the Johansen procedures there are two ~ests that help to identify the number of co 

integrating vectors, cal led. The trace ( A trace ) and the maximal ( A ma,) stati st ics, These test are 

given as follows ( Harris 1995). 

, ( ) -T '\' nln( I - ' I·) " trace r = L., " 

j=r+l 

Amax(r, r+ l ) = -Tln( I- Ar+I) ' r=O, 1,2, ... ,n-2 , n- I 

Where, Al = Eigen vectors, 

T = number of observ~tions. 

n = the number of vari r.bles. 

The trace stati st ics is used to determ:r,r whether there are at most r co integrating relationships 

while the maximal statistics tests the null-hypothesis of r co integrating vec tor aga inst the 

alternat ive of r+ 1. The magnitude of Ai is J measure of the strength of the co integration relati ons 

(denoted as Pi l Xi) are correlated with the stationary pa:1. of the model. 

Other Diagnostic Tests 

R-squared 

The R-squared ( R2) stati st ic measures the success of the regression in predicting the va lues of the 

dependent variable w'tl1 in the sample. It is the fraction of the vari ance of the dependent variable 

exp lained by the independent variables. The stati stic will equal one if the regression fit s perfect ly, 

and zero if it fits no better than the simple mean of the d ~pendent variab le. It can be negati ve if 

the regression does not have an iLtercept or constant, or if the estimation method is two-stage 

least squares. 

Adjusted R-squared 

One problem with using R2 as a measure of gOGdlwSS of fit is that the R2 will never decrease as 

you add more regressors. In the extreme case, you can ~ I ways obtain an R2 of one if you include 

as many independent regressors as there are sample ohcrvatic.ns. 

The adjusted R2 penalizes the R2 for the addition of regr,~ssors, which do not contribute to the 

explanatory power of the .model. 
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DUI'bin-Watson Statistic 

The Durbin-Watson statistic measures the ,erial correlati on in the residuals. As a rule of thum b. if 

the DW is les than 2, there is evidence of positi ve s,:ries co rrelation . In contrast if the DW is 

greater than 2, there is ev idence of negati ve seria l con'elati on 

F-Statistic and Probability 

The F-stati stic tests the hypothes is that all of the slope coeffic ients (exc luding the constan t, or 

intercept), in a regression are zero. The p-va lue given just below the F-stati sti c. denoted Prob (17-

statistic), is the marginal significance level of the F-tesl. If the p-va lue is less than the 

significance leve l you are lesting, say , yo u reject the null hypothesis that a ll slope coefficients arc 

equal to ze ro. 

A Brcusch-Godfcy or Lagrangeian multiplier (LM) test 

Thi s is test for seri al correlation up to nth lags obtained be regressing the residuals from the 

ori ginal model on all regressors ofthatmocle! and the lagged residuals. 

An ARCH test 

It is a test for autoregressive conditional hetrosked" ;lic ity. It has obtai ned by regressing the 

squared res iduals from the model on their lags and th(' constant. ARCH in itse lf docs not 

inva lidate standard LS inference. However, ignorin g A RCh effects may result in loss of 

effi ciency. 

Ramsey test for general m.:sspec ification. (RESET) 

It is obtained by adding power if the fitted va lues fron' the mode l to the original regress ion 

equation. RESET is a general test for the following types o('specification errors: 

- Omitted variables: X does not include all relevant variables 

- Incorrect functional form: some or all of the variables in Y and X should be transformed to logs. 

powers, reciprocal s, or in some other way. 

- Corre lat ion between X and E\ , wh ich may be cam cd be measurement error in X, si multancous 

equati on considerati ons, combination of lagged Y vai ues and seriall y correlated di sturbanccs. 

Under such specification errors, LS estimators 'viII be biased and inconsistent, anci 

conventionall y inference producers will be invalidated. 
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CHAPTER FIVE 

Analysis of empil"ical results 

5.1. Empirical analysis and results 

5.1.1. Tcst for ullit roots 

Before any meaningfl.i1 regression is performed with tiine series variables , it is essential to test the 

existence of unit roots in the variables and to establi sh th ·~ ir order of integration. The variables 

used in the analysis need to be stationary andlor should be co- integrated in order to infer 

meaningful relationship from the regress ion. 

Several tests can be used 10 tcst for unit root, but widely acceptable and reliable are the Dickcy­

Fuller (DF) and the Augmented Dickey Fuller (ADF) tCSlS. These tests help to detec t whether a 

variable is stationar/ I or not. If a variable is stationary in level i.c. without running any 

differencing, thcn that variable is sairl to be integrated of order zero or I (0). Similarly, if it 

becomes stationary by differencing once, then the vari ab le is said to be I (1) va ri ab les. 

The Augmented Dickey Fuller tests fo r uni t rON indicate Table 5.1 Shows that, the null 

hypothesis of a unit root can not be rejected at level lor al l variab les at I % significance leve l. 

Where as, the null hypothesis of a unit root is (~j ected at first differences for the same 

significance level. This leads us to the conclusion that all the variables in the kerosene demand 

fu nction are (J (l)]I Z Similarly, Table 5.2 Shows that, the null hypothesis of a unit root can not 

be rejected at level for aU variables at 1 % significance leve l. Where as, the null hypothes is of a 

unit root is rej ected a ' fir st differences for the same significance leve l. This leads us to the 

conc lusion that all the vanables in the LPG demand funct ion are P (1 l"112(See tab le 5. 1 and 5.2) 
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Table 5.1 Results of unit root test for kerosene 

Variables Augmented Dic~;ey Fuller 

with out drift and with drift only with drift and trend 

trend 

InKCPC 0,8094 -0,6294 -2,6068 
-

InRPK 0,0378 -2,3717 -2,0907 

InRPLPG 0,0888 -1.3679 -1.4501 

InRPCI 0,5648 -2, 1634 -2,0980 
-

InPOPG 0, 11 86 -0,2334 -0,8529 

InLU 0,9904 -1,9572 -0,9797 

InRFEE 1.41 19 -0.4446 -20970 

I'IlnKCPC -),3862" -5.4659" -5,3991 * * 

I'IlnRPK -9,: 065* * -8,9776* * -9.3840*' 

I'I lnRPLPG -5,889: ** -5,8 130** -6,1 537** 
-

I'IlnRPCI -5,6 165** -5,5782** -5,5763*' 

I'IlnPOPG -6.4775** -6,3976*' -6.31 15'* 

I'IlnLU -3,1182*' -6.4935 ** -7,5952*' 

I'IlnRFEE -8,6340" -9,26 10'* -9,3554** 

critical value 

1% -2,624 -2,940 -3,531 

5% -1.950 -3,61 2 -4,2 16 

"Denote rejection of the nu ll at 1 % level of significance 

'Denote rejection of the null at 5% level of significance 

II A process is sa id to be integrated of order d, denoted as ICd), if it has to be differenced d, times before it becomes 
stationary (Thomas, 1997) 
12 IflwO I ( I ) variables arc co inlegralcd. lh~n their ,Jynamic specificati on can be \\Ti ttcn as an Error Correction Model. (ECM ). 
and vice vcrsa. iftht: dynam ic relat ionship between two 1( 1) variable can be wr itten as an Ee M. they arc co integrated (Ikndr}. 
1995), 
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Table 5.2 Results of unit root test for LPG 

Variables Augmented Dickey Fuller 

with out drift a:ld with drift only with drift and trend 

trend 

InLPGCPC 0.3 157 -2.4424 -3.1931 

InRPlPG 0.0888 -1.367) -1.4501 

InRPK 0.0374 -2.3717 -2.0907 

InRPCI 0.5648 -2.1634 -2.0986 

InPOPG 0.1168 -2.2334 -2.8527 

InLU 0.9904 -1.9572 -0.9797 

InRFEE ! 1.41 19 -0.4446 -20970 
-

LllnLPGCPC -3:1 147'* -8.2449** -8. 1613** 

LllnRPLPG -5.889J ·* -5.81 30'* -6.1537** 

LllnRPK -9. 1065** -8.9776** -9.3840'* 

LllnRPCI -5.6 165** -5.5782** -5.5763** 

LllnPOPG -6.4775** -6.3976** -6.3 115** 

LllnLU -3.1 182** -6.4935** -7.5952** 

LllnRFEE -8.6340** -9.2610** -9.3554*' 

critical value 

1% -2.624 -2.940 -3.531 
.-

5% -1.950 -3.612 -4.216 

"Denote rejection of the null at 1 % level of significance 

'Denote rejection of the .wll at 5% level of significance 
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5.1.2. Co integration and Estimation of the long run model. 

It is worth examining (i \c data testing of the VAR before dete rmining the co integration ran k. One 

problem can be encountered in estimating the model is the choice of the appropriate lag structure 

of the variable in the model .if different lag structures proc!uces white noise then the test for rival 

model wi ll be used to se lect the a.ppropriate lag, choose the minimum abso lute valuc of AIC . 

'r hus, the Shawart Bayesian Criter ia (SBC), I-Iannan Quinn(l-IQ) Statistics and Akaikc 

In fo rmation Criteria(AIC) are used and according to these tests" the second lag selected as an 

appropriate lag in th is analysis (see appendi': I I) 

Thc fact that the times series vari ab les under cons idc r,, ~ i on are not stationary at levels imply that 

the variables taken alone do not have the tendency tG revert to their long run levels. Sincc the 

variables are ensured to be non-stationary at levels, or, ar'~ [(1) in table 5. I. The next step is to 

check whether any linear combinat ion of the variables is stati:mary or not i.e. determine how 

many co integrating vectors exists. To do so we adopt the Johansen's frame work in which the 

vari ab le InKCPC, InLPGCPC, InRPK, InPRLPG, In RPC[, InPOPG In LU, InRFEE can be 

represented as a vector mito Regression as 

l:! ln KC PC lt l:! InKCPC It-; InKCPC lt- ; 

l:!lnRPK2 t l:! InRPK cL-; In RPK 2t-; 

l:! ln RPLPG 3t l:! InRPLPG 'Jt-I In RPLPG 3t-; 

l:!lnRPCI 4t = r; l:!lnRPCI 4t-; +013
1 

InRPCI 4t-; 

l:!lnPOPG st l:! I n PO PG st-; InPOPG st-; 

l:!lnLU 6t l:! In LU 6t-; In LU 6t-; 

l:!lnRFEE 7t l:!lnRFEE 7t-; InRFEE 7t-; 

N. B The VAR model for LPG demand equation by sub ;ti tuting l:! lnLPGCPCt. into l:!lnkCPCt. 

the other Variables are the same?s the kerosene demand e,luation. 
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Under the above formu lation, the rank of the matrix r detenni'les the number of co integrating 

vectors between the variables, The method used to determine the number of co integrating is the 

Johansen's (1988) technique based on maximum likelihood approach. The approach is onl y a 

variab le in PC fi lm vers:on 9 and pcGIVE soft ware packages. 

In estimat ing the model, the Johansen maxImum li kel ihood procecl ure is used to test fa r co 

integrating and ex istence of a long run re lationship between the variables in InKCPC and in 

InLPGCPC eq uati on, the Amax test fow,u late the nu ll hypothesis by verifying the existence of r 

co integrating vector against alternati ves r+ I, the other one is the A trace test fo rmulate, the null 

hypothesis i. e. there are number of distinct co integrating vector less than or equal to I' against the 

alternative that there are r or more co integrating vectors. 

With this test, the decision to reject or not to reject tlK null hypothesis is made by comparing the 

computed maximum value (A max) and (A trace) with a 5iven critical va lues. If the computed 

value of the test statistics is greater than the criti ca l va lue the "ull hypothesis (no co integrating 

vector) is rejected. Hence, there is no cointergration among the va riabl es under consideration at 

5% leve l of signi fican :~ . 
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Table 5.3 Results of co integration analysis for kerosene and LPG demand 

From PCfilm output 
. 

Amax Atrace 

Ho=rank= r n·r AI Amax (95%) Atrace (95%) 

r=O -, 0.6496 1 48.9479' 45.28 158.5316' 136.61 

r51 to 0.57392 34.1254 39.4 1 107.5837 104.94 
-

r52 5 0.47498 26.0817 33.178 73.4583 77 .74 

r53 4 0. 4 1452 21.413 27. 169 47.4566 54.64 

r54 3 0.34076 16.6668 20.778 26.0436 34.55 

r55 2 0.20063 8.9572 14 036 9.3768 18.17 

r56 1 0.01044 0.4194 3.74 0.4196 3.74 

LPG demand 
. 

r=O 7 0.69874 47.9914 ' I 45.28 147.814' 136.61 
-

r51 6 0.59533 36.1871 32410 99.8226 104.94 

r52 5 0.47675 25.9 126 ~3. 1 78 63.6355 77.74 

r53 4 0.37437 18.7547 27.169 37.7229 54.64 

r54 3 0.22826 10.3272 20.778 18.9682 34 .55 

r,;5 2 0.19033 8.4747 14036 8.6041 18.17 

r56 < 0.00323 0.1294 3.74 0. 1294 3.74 , 

'Denote rejection of the null at 5% lev , I of sig nificance 

It is clear from the resul ts of co i , ~tegration test that both the lrace and maxim um eigen va lue 

stali st ic identi fy only one co integrating 'lector, the null of r=O against the general alternative r ::; 

n- I is rejected at the 5% level of signifieaJl ce, whi ch assures us the ex istence of at least one co 

integrating vecto r; and, the max imum eigeh value stati st ic test rejects the nul l of r=O against r= I 

which aga in assures us the ex istence of one co integrat:ng vector. 

After estab lishing the existence of one co integrati ng vcctll·, the next step is to test for the long­

run weak exogcneity. The tes t for zero restrict ion on a's matri;: is referred as the test for weak 

exogeneity, the result of the test of, no co inlegration showed the ex istence of at least one co 

integrating vector. However, it does not show which vector is the co integrati ng vector. Since in 
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InKCPC is assumed as endogenous variable in .)ur model, this ass umption is also for in 

InLPGCPC model. But we should confirm our assumr tion by performing weak exogeneity tcsts 

for the rest of the variables i.e. the significance of a coeffic ient. If the speed of adj ustment 

coeffi cient (a's) in the co integration analys is approaches zero, then the corresponding variable 

can be consider week exogenous. 

Hence, in order to kno'.V the validity of these results there is theoretically determined restriction 

that has to be tested on the c() integrating vectors. This is done by impos ing a zero restri ction on a 

coefficient (indicated in each first rolV of table 5.4) to determine whether the explanatory variable 

in the model are weak ly exogen.'us or endogenous , by using the li ke lihood ratio test (LR) 

statistics that has X2 distribution with one degree of freedom. !n this case the nu ll hypothes is 

states that the variables taken as explandtory Hari able are weak exogenous agai nst the alterat ive 

endogenous. The guideline to determine th" endogeni ty or exogenity of the explanatory variable 

can be known by p. value (in each last row of table 5.4), which indicate the probabi lity of not 

rejecting the null hypothesis. If the P. value is greater than 0.05 , the null hypothes is of weak 

exogeneity can not be rejected at 5% significance level. 
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Table 5.4 Tests for zero-restrictiG:J on a-coefficients(weak exogeniety of variables) 

Kerosene demand 

InKCPC InRPK InRFiLPG InRPCI 

a-coefficient -0.7811 0.24240 0.09957 i -0.37479 

LR-test; X"(-1) 6.7192 4.2148 0. 17568 r. 10.033 

p-va lue 0.0001-- 0.0501 0.6751 

LPG demand 

InLPGC:PC InRPLPG InRPK 
--

a-coefficient -0 .15293 0.018759 -0.15173 

LR-test; X (~ 1 ) 5.9348 0.14989 11 .354 

p-value 0.014W 0.6896 0.0008--
.-. 

' denote rejectIOn at 5% level of slg11lfic<I1ee 

" denote rejection at 1 % level of sign ifican.:e 

I 

0.015-

InRPCI 

0.09518 

0.24061 

0.6238 

InPOPG InLU InRFEE 

-0.74615 4. 1730 -0.05790 

2.7961 0.12558 0.18696 

0.945 0.7231 0.6654 

InPOPG InLU InRFEE 

-

-0 .12424 0.02577 -0.14427 

0.00289 3.2303 3.3487 

0.957 1 0.0723 0.0673 

As can be seen from table 5.4, the zero restriction on a-coe ffici ent is rejected for InKCPC alone 

while the restriction cannot be rejected for the rest of the variable except InRPCl at 5% level of 

significance. It is implying the fact that InKCPC is endogenolls while the rest variables being 

exogenolls. On the o tL ~ r hand, the zero restriction on a-coefficient is rejected for InLPGC PC 

alone while the restriction can not be rejected for the rest of the variable except InRPK at 5% 

level of significance. Indicating the fact that InLPGCPC is endogenous while the rest variables 

being exogenous 
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Thc issue of weak exogenity the explanatory var iable~; are important in estimating the Error 

Correcti on model. If all the dependent variab les are exogenous, we can directl y estimate with the 

single equation otherwi se, if one of the independent variabl e is endogenous, Engle-Granger 

causality test must be undertaken in order to cheek whether the independent variable rca ll y 

granger causes the dependent variable. 

Granger causal ity test involves using F-statisti c to deh'.rmine whether the lagged information on 

one va riable x has any stati stically significant role in e '( plaini l'g y with its lag. I r the lagged va lue 

of X's makes no stati sticall y significant contribution to eXj; lain y with its lag. then it is sa id that 

"x doesn' t granger cause y". Similarly if lagged va lue ofy mak(:: no statistica l contribution to the 

explanation ofx with its lags then it is said that y doesn ' t granger cause x. 

Accord ing to the resul t "eiJorted in table 5.4 the assumption of weak exogenity is rejected for real 

per capita income (lnRPCI) In the kerosene demand fun~tion and real price of kerosene (inRPk) 

in the LPG demand f'unction .Thus,1t is necessary to test whether there is a causality between the 

vari ables that are not weakly exogenous . Following Engle and Granger (1987) ,a vari able Y is 

said to be Granger caused by another "ariable X if current values of Y can be pred icted with 

better accuracy by using past value of X. TI) this effect, a Grange causality relationship lnKCPC 

and lnRPCl, and lnLPGCPC and lnRPK are examined and the test result suggested that there is 

no causa lity between them (see Appendix 12). This in . pl ies that we do not have a seri es problem 

of endogeniety and it has possibility to normali ze with lnKCPl' and InLPG by conditioning on 

the remaining variables. 

Therefore, the structural long run relationship derived from the co integrating vector normali zed 

wi th respect to lnKCFC can be represented as 

lnKCPC= -I. J 451 (lnRPKkh).4088 (lnRPLPG), -1.S386( lnRPCl), -3.0632(lnPOPG), + 

17. 132(lnLU) , +0.2377(lnRFEE), - ------------------------------------------------------(S. J) 
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Similarly the long-run LPGCPC equation can be represe nted as follow 

InLPGCPC = -0 .25 14(1nRPLPG), + I. 7404(1nRPK), +5.1 ) 45(1nRPCI), +0.80) 5 

(I nPO PG ),+2.60 I 7 (I nLU), -0. ) 6 13 (I nRFEE),. ---------------------------------------( 5.2) 

Given the above co integrating vectors, there is also a need to test for the significance of the long 

run coeffi cients W) in order to identify the uniq ue co integrating vector. Here again a zero 

restriction is imposed on each coefficient and the resdts for the LR statisti cs are give n in table 

5.5 

Tablc 5.5 Tests for zero r cstri ction on lon g run ("ocfficicnts for I, croscnc a nd LPG 

demand. 

Table 5.5 Test!; for zero-restriction on 13 -coefficients(long run variables) 

Keros~ne demand 

InKCPC InRPK ., InRPLPG - InRPCI ..... InPOPG InLU InRFEE 1/ 

~-coefficient 1.0000 1 . 145~ -0.40880 1.5386 30632 -17. 132 -0 .23772 

LR-test; X (~ 1 ) 15498 8.3226 5.6129 17.782 0.58369 0.50258 10.307 

p-va lue 0.0001** 0.004** 0.0178* 

LPG demand 

In LPGCPC InRPLPG InRPK 

~ -coefficient 1.0000 0.25140 -1.7404 

LR-test; X'(~1) 4.9645 6.5009 12.677 

p·va lue 0.0213 * 0.005 ** 0.004 ** 

' denote rejecti on at 5% level of slgl1lficance 

" denote rejection at I % level of signi ficance 

0.0001** 0.4994 0.4784 0.0013** 

InRPCI InPOPG InLU InRFEE 
--

-5. : 145 -0.8015 -2 .6017 0. 161 2 i 
-.1 

0.02 /. 186 5.833 5.9225 4346

l 0.8824 I 0.0157 * '0.0149 * 0.0371 * 

The test resu lts in table 5. 5 shows that the real price of kerosene (lnR PK), the Real price of LPG 

(lnRPLPG), the real per capita in come (l nRPCI), the r~~ 1 fo reign exchange earnings (InRFEE) 

are sta ti sticall y significant at 5% in explaining kerosene cu,lsllmplion per capita (Inkcpc) in the 
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Long run and the signs are as expected except real per capi 'on In come (InRPCI). The other 

variable, namely, the population growth (InPOPG) and the level of urbanization (luLU) are not 

stati sticall y significan t in explaining kerosene consumption per cap ita in the long run . More 

importantly, as shown f1'Om Table 5-4 kerosene price is negatively related whi le LPG price (cross 

price) is positive as expected. Simi larly, in table 5 .5, LPG price is negat ive while kerosene price 

(re lative price) is positive and the signs are expected. This implies that kerosene and LPG 

substitute each other in the long rur.. 

In the case of LPG demand, real price LPG (InRPu'G) , real price of kerosene (InRPK), the 

population growth (InPOPG), the level of urbani zation (InLU), real foreign exchange earnings 

(InRFEE) are stati stically significant at 5% in exp laining LPG consumption per capita 

(inLPGCPC) in the long run the signs are as expected except the real foreign exchange earnings 

(inRFEE). Thc real income per capita (InRPCI) is sUltistically insignificant and the sign is as 

expected. 

5.2. Estimation of the short run and Error-correction model . 

So fa r we have determ :' led the long-run relationship between the va ri ables of kerosene and LPG 

having already obtained the long-run model and est imated the coefficient, the next step is the 

estimation of coeffi cient of the short run dynamic test to have important po licy impli cation. 

Hence, an error correction mode! (ECM) will be estimated that incorporates the short-term 

interaction and the speed of adjustme,-.l towards long run equilibrium. In the Error Correction 

Model , the short run di sequilibria are ap;Jroximated by the first lag of the Error Correction 

Model. 

The procedure adopted for estimat ion is the Hendry's, pproach of general to spec ific vector crror 

correction modeling. In thi s approach, a large mode; is est imated Iirst which includes as man y 

exp lanatory variables and their lags as possib le (Appendices 9and 10). Thcn all insigni Iicant 

explanatory variab les are continuously dropped until remain ] parsimoniolls model with few 

explanatory variables but acceptable in terms of significance, economic interpretation and 

diagnostic validity is obta ined. After step-by-step dropping of the insignificant variable from the 

estimate one will ha ve a specific parsimonious vector Error Correction Model. 
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Table 5.6 Results of the ~pecific parsimoniolls vector Error Correction model (PECM) 

Modeling of kerosene demand (~lnKCPC) 

Variab les Coefficient Std. Err t-value 

constant 0.018715 0.1 16 13 0.16 1 

I1 lnRPK'_1 1.7086 0.75879 2.252 

I1 lnRPLPG'_2 -0.55594 0.3 5 173 -1. 58 1 

I1 lnRPCI 2.9 144 1 ';"120 2.02 1 

I1 lnJ'OPG 0.66601 0.3872J 1. 720 

I1 lnPOPG'_1 1.1091 0.460n 2.407 

I1 lnRFEE 0.3 1689 0.25 187 i .258 

' Dummy -0.04525 0.20494 -0.22 1 

ECM I -0. 54307 0.3 1697 -1.71 3 -

*Dummy -represent for structural break 

R 2 =0. 79922 

DW = 2.1 2 

ARI-IF (I , 22) 

ARCHI F ( I , 2 1) 

= 0.59114[0.4502] 

= 1.5535[0.2263] 

Normality chi"2(2) = 1.3926[0.4984] 

RESET F ( 1,22) = 0.0345[0.8543] 

F (12, 23) = 4.580 [0.0009J •• 

RSS=5.8025 

-

t-probabilit)' 

0.8733 

0.0338 

0.1271 

0.0546 

0.0983 

0.0242 

0.2204 

0.827 1 

0.0500 

The resu lt of the various diagnostic tests are reporte-.i find the tests did not detect and problems of 

hetroscedasticing (ARCH- Auto Regressive Condi tio" al Hetroskedasti city test), there is no 

prob lem of higher order serial corre lation (Breusch - Gel frey or LM tests) up to second lag. 

Normality chi 2(2) test sho ws that the residuals are normall y di stributed. None of these tests 

reported were to suggest that the model was mis specified. Then, the tests covcred, respec ti vel y 

Auto regress ive test, an ARCH test for conditional hetroscedasti city, Normality test and the 

RESET general tests 10: misspecification are done for diagnostic tests , respec ti ve ly. 
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Short run kerosene demand Results from equation (5 .3) the I" lag of Real price of Kerosene, the 

real per capita income(L'l lrRPCJ)I, the first lag of population growth (L'l lnPOI'G) are significant 

at 5% level. The signs are as expected except rea l price of kerosene. from result we can look at 

price is elastic , it implies that, if other factors remain constant while the price of kerosene rises, 

the consumption of k~~osene become decline, this indicates that, the consumer may have other 

opportunity to consume, ,uch as traditional fuel and modern energy source. But practically in 

our country thi s economic law does not work because of government monopolized fuel imports 

and regulated retai l price, expensi'/e LPG price and electricity tariff, no other competit ive fuel 

importer and distributor etc. In cases of elasticity, their short run price and income elasti cities are 

( 1. 7086 and 2.9144), respectively, these results (price and income elasticity in the short run) are 

consistent with empirical results of Mic"eal Kcnnedy( 1974) , Ishiguru and Ak iyama(1995) 

,Pill (1 985),Giffin(1 977), Ramus I-Ieltberg(2003 ) ·~tc And the demand for kerosene is price 

elasti c and elastic for income. 

L'l lnKCPC= 0.01874 + 1.7086(L'l lnRPK)I_I+ 2.9144(L'I InRPCI)1 + 1.1091 (L'l lnl'OPG)I.1 -

(0.0 187) (0.77879) (1.44200) (0.46087) 

0.543 O( ECM) I_I ----------- --------------------------------------------------------------- (5.3) 

(0.31697) 

The population growth variable, the first lag of population growth that afrects the current 

kerosene consumption positively, indlcstes that whi le the number of popu lation increases, the 

consumption of kerosene also increases. T!li s result is similar with the literature of Gately and 

Streifel( 1997), L. Prise, L. Michie1as et. al ,1998). 
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In the case of LPG demand result of equatit'n (5 .4) the rea l price of LPG (L'>RP LPG)t ,the first 

lag of rea l pri ce of kerosene(L'>R PK), the fi rst lag of population growth (L'>l nPOPG) are 

statistically sign ifican t at 5% level with the expected sign, real per capita income(L'>RPCI )t is 

significant at I % level with expected sign. The short run pri,:e and income elasticity of LPG are 

-0. 2986 and 3.8632, respectively. The demand for LPG is price inelastic ancl elastic for income. 

These resul ts (price and- Income elasticities) are consistent ", ;t11 empir ical results of Micheal 

Ke nnedy( 1974) , Rahaman(1982) ,Tzeng( 1989) ,Fiebig et al( 1987) , Griffin( 1977), Ko( 1993) , 

Ramus Heltberg(2003) etc 

6 InLPGCPC= -0 .060 14- 0.2986 1 (t>inRPu>G)t+ 1.3062(6InRPK)t_t -I- 3.8632(6 InRPCI)t 

( -0.14309) (-0. 19526) (0.43864) (0.88843) 

+ 0.6705 (6 1 n PO PG)t_1 - 0.63 07(ECM) t-I - -----------------------------------( 5.4) 

(2 .5 0760) (0.225) 

The population growth variable, the fi rst lag of popul l tion growth that affects the current LPG 

consumption per capi ta, indicates that whi le the n!lmber of population increases, the 

consumption of LPG also increases. As the result , in the snort run , population growth and LPG 

demand are posit ive ly re lated .. 

[n the above model, th "; coemcient of the Error Correction Model is sign ificant at 5% leve l with 

expected sign in both r •• m1e[s. Their magnitude indicate that the speed of adjustment of kerosene 

and LPG demand to its dis-equili brium level is (are) abo ut 54% ancl 63% per annum, 

respective ly. The sign of ECM are negati ve and implying that any shock in the system in the SR 

will return back to its long run path. 

R 2(goodness of fit) shows that about 79° ', and 77% of the variation in the cJ epencJelll var iable 

(I nKCPC and InLPGCPC) is (are) explained by the explanatory variable, respecti vely. 
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Table 5.7 Results of the specific parsi monious Error Correction Model (VECM) 

Modeling of LPG demand (L\ln LPGCPC) 

Variables Coefficient Std . EIT t-value 

constant -0.06041 0. 14309 -0.422 

I'I lnrplpg -0.29861 0.15526 -1.923 

I'I lnrpk,.] 1.3002 0.43864 2.978 

I'Ilnrpci 3.8632 0.88843 4.348 

I'I lnrpc i,.] -2.7085 1.1899 -2.'276 

I'I ln popg,. ] 0.67049 0.26760 2.506 

I'I lnl u,.] 1.5026 i. \1,\:)5 0. 79 1 

I'I lnrf'ee,.2 0.288 15 0.1 5437 1.867 

* Dummy -0. 16594 0. 142:;8 ·1.164 

ECM I -0.6307 0.2555 ·2 .468 -

*Dummy - represent for structural brei,K 

R2 =0.768 

OW = 1.98 

AR I-2F (2, 24) 

ARCHI F ( I, 24) 

F ( 10, 26) = 2.0661 [0.0045] •• 

RSS=2.922 

00 0.3876 [0.5423 ] 

= 0.0036[0.82 14] 

Normality chi"2(2) = 0.1.8531 [0 .. 1958] 

RESET F ( I, 25) = 0 . 04493 [0. 83~ 
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t-probability 

0.6764 

0.0463 

0.0062 

0.0002 

0.03 13 

0.0 188 

0.4363 

0.073 3 

0.2 55 I 

0.0450 



CHAPTER SIX 

Conclusion and l>olicy lmplication 

Ethiopia's energy consumption is predominately base,J on biomass energy sources, An overall 

proportion (93%) of the country energy demand is met by traditional energy sources such as fuel 

wood, charcoa l, dung, and agri cultural residues, The balance is met by commercial energy source 

such as petroleum and electri city, The majo r consumer o[ energy in Ethiopia is the household 

followed by industry and transport sector. With an excepti on of hyd ro-e lectri c power, the count ry 

petroleum product ' req 'c!irement is main ly depends on imports, The consumption of petroleum is 

mainly derived by demand within household, commercial and other sectors which accounts 

around 50% of the total fuel consumption, Therefore , botl-, Kerosene and LPG fuel are important 

inputs for household, commercial [l'1d other sector. 

The study used Kerosene and LPG de~ IJnd model synthesized from other model , such as 

Mickeal Kennedy (1974), Massayossu Ishigure al'd T. Akayame, (1995), Gately and Strcifel 

(1997), Hosier R el al ( 1994) ,Balabanoff (1994' , Therefore, Kerosene consumption is a 

function of real price of Kerosene (Own price) , real price of LPG, real per capita income, 

population growth, level of urbanization and real foreign exchange earning, Similar definit ion has 

been adopted for LPG consumption per capita, 

The estimation procedure was accompl ished by resortinp, time series econometric techniques and 

appropri ate yearly data [rom diffe"ent sources that cover the period from 1964/65 to 2004/05. The 

ADF test has been employing in ~'Je' analysis to test the unit root tests in the variables. In most 

cases, the variables entering the regression are found to be il1legrated of orde r one [I (I)J. In 

determing the long run behaviors of the vari ,:bles, the Johansen Mu lti variate co-i ntegration test 

was employed as it has possessed a un ique advantage over the residual-based two step Engle­

Granger approach. 
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Applying the Johansen procedure to Kerosene and LPG ~'llnction, to test the co integration that 

both the trace and maximum eigen va lue stati stic identify only one co integrating vecto r. More 

importantly, using both Ie max and A trace stati stics, we could not reject the null or no co­

integrat ion. Besides, the parsimonious Error correction model (PECM) is formul ated from long 

run model using the general to spec ific modding approach of David Hendry, 

The result showed from long run equation that, real pr ice of Kerosene (own price), real price of 

LPG (cross price), real per capital income and real fo,cign exchange earning determine Kerosene 

consumption per capita demand function in the long run with ex pected sign except real per 

capita income, On contrary, the population growth and leve ls (If urbanizat ion do not determine 

the kerosene demand in the long run. Simi larly, in the short run, real price of Kerosene, real per 

capita income and pC~\J lation growth are significant and they explained kerosene consumption 

per capita in the short run. lnrlicating that, these variab les are useful to analysi s of pri cing policy 

in kerosene demand. 

For LPG demand , real price of LPG (lown price), real price of Kerosene (cross price) , population 

growth, leve l of urbanization and rea l foreign exchange earnings are significant and they 

explained LPG consumption per capita d (:~nand function in the long run whil e real per cap ita 

income are insignificant and does not explained the LPG demand in the long run . The short run 

coefficient of real price of LPG, real per capital inCOl'le, rea l price of Kerosene and population 

growth are marginally significant. Hence, the signs a,c ~s exp~cted and thi s result consistent with 

Micheal Kennedy (1974), Rahaman ( 1982) , and Tzeng (1989) . Etc , which stated that income 

elast icity of LPG demand, tends to be elast ic whereas price ela::t icity is in signi ficant ly di fferent 

from zero and inelastic . 
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6.2 Policy Implication 

Proper evaluation of K~rosene and LPG fuel policy requires good esti mates of demand 

elact ict ies. Here, the long run income electricity is (- 1. 5386), indicating that the kerosene is an 

inferior good . On the other hand, the long run income elasti city of LPG is (+5. 11 4) , indicating 

that the LPG is a superior good. Since it substi tute kerosene and tradi tional fuels are less 
, 

convenient. In case of Price elasti city, the long run .pri ce elasticity is (- 1.145), indicati ng the 

existence of good substi tute li ke LPG, Electri city, olher energy sources for household, 

commercial and other sector. Similarl y, the long run pri ce elasticity of LPG is (-0.2514) , 

indicating that the price is ine lastic. 

Therefore, from the res lIits of the study, the fo llowing policy impl ications can be deri ved. In the 

short run , the coefficient from Kerosene and LPG equation shows that the price elst icities are 

elastic and ine lasti c, respectively while rea l per capital income is margina lly elast ic for both 

fuels. The short run po licy implicat ion of this is that the government can increase it s reven ue by 

increas ing the real price o.fLPG through direct ly. Since LPG user do not have opport unity to sh ifl 

other energy sources. 

On the other hand, the price elasticity of Kerosene is(' I. 7086)i.e. it is an elastic this means, I % 

increase real price of Kerosene causes about 1.7 % increasts the consum pt ion of kerosene on 

average in the short run. since the consumer do not needs to shift to other energy sources due to 

expensive of other energy sources like LPG ,electri city ,tra:litional fuel. etc .si milarly, the 

government monopolized fuel imports and regulated retai l price, no other competiti ve fue l 

importer and distributor, openlllg of new oil station, population growth etc are the major 

contri butor to price ela,l ic. 

The result indicates that, the government pricing policy to increase its revenue become successfu l 

in the LPG demand, in other words, the policy implication that price elasticity of LPG is ine lastic 

since the quanti ty of LPG is fa r less re;!)onsive to price changes .. [n case of Kerosene demand, 

the government pricing policy becomes successful in kerosene demand thro ugh regulated and at 

pre determined level. It means that, if the governmcnt incrcases the price of kerosene through 
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1I1creasmg pnce, it can earn much revenue with out reduction of kerosene demand. These 

cond iti ons that occur the consumer do not have opportuni ty to use othe r energy sources. Then, 

Kerosene pricing policy does work at regu lated and pre determined retail price by the 

government. 

As the result of different fuel pricing policy, the government can earn rcvenue through diffe rent 

pricing policy. So the government should the following policy implicati on to increase its revenue 

in the short run ; 

The government should increase the pri ce of U 'G throu gh directl y, the consumer still can 

use thi s product due to demand of LPG is price :nelastic since the consumer have no 

opportunity to substitute LPG with other products in the :,hort run. 

The gove rnment should use regulated and pre determined kerosene pricing policy .I.e . an 

increases the l':'i ce of Kerosene at pre determined level and thi s price is set belo w the 

price of other er,ergy sources. The government can earn more revenue with out reduction 

of kerosene consumption in the short run . Otherwise, if the gove rnment set the pr ice of 

kerosene above the other e'1ergy sources, the consumer will shin to other cheap energy 

sources . 

Hence, in the short run, the government i,lcreases its rcvenue through direct pnclng policy in 

LPG product, and Regulated and pre determined pri (; ing policy in Kerosenc product. 

In the long run, LPG is a substi tute to kerosene, electric it y and other modern energy sources like 

so lar energy are a substitute to LPG. Hence the governmerr may not earn re venue from kerosene 

product since kerosene becomes an inferior good to consumer i'l the long l'Llll . As the results, the 

user of kerosenc will shift to other energy sources like LPG, electricity, biogas etc. Similarly 

LPG consumer wi ll s l·~ ft to use electricity, biogas etc. then, the government may not earn revenue 

from LPG products. 

The population growth directl y aifects the consumption 0f Kerosene and LPG product. Hence, 

the government shou ld address tile population growth at determined level. Otherwise, large 

population necds high kerosene and Lt-'G products to its energy sources. This high needs affec t 

the co untry foreign exchange earnin g, moreover hi gh population growth affects enviro nment 
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through using traditioHal energy sources like fores t by the population As the results, It needs high 

investment on the other energy sources like electricity biogas, solar energy etc. 

In addition to these, government energy policy should address the price of the fue ls (taxes and 

subsidies), information and training program for energy experti se, regulatc Kerosene and LPG 

distribution on proper and fair way, el1\\ronmental policy, other energy sources, etc are related 

energy pol icy to household , commercial , aJ,d other sectors. 
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Appendix 1- Growth Rates of GOP and Value Added in the various Sectors (1960/61-2004/05) 

growth Agriculture Industry Distributive Service O ther Serv ice Growth rate 
of per 

rate rea l Growth As%of Growth capita 
Year GDP As % of GOP rate GDP Growth rate As %ofGDP Growth rate As %.of GDP rate Income 

1960/6 1 75.8 7 8.4 8.8 
196 1/62 3.7 74.3 1.8 7.4 9.6 8.9 9.8 9.4 10.4 1 
1962/63 3.8 73.7 2 .9 7.6 6.4 9.2 7.3 9.5 5.3 1 
1963/64 4.3 72.3 2.3 8 10.6 10 13.9 9.6 5.8 2 
1964/65 6.3 70.6 3.7 8.3 10.3 10.9 15.3 102 12.7 4 
1965166 3.3 68.9 0.8 9. 1 12.8 11 .4 8.4 10.6 7.5 1 
1966/67 4.1 68.4 3.4 9.7 11 .1 11 . 1 0.7 10.8 6 1 
1967/68 3.3 66.9 1.1 9.9 5.5 12 11 .9 11.2 7.1 1 
1968/69 3.7 66 2.2 10.1 5.7 12.4 7.4 11. 6 6.7 1 
1969/70 3.4 65 .3 2.4 9.9 1.9 13 8.3 11 .8 5.2 1 
1970/71 3.7 64.2 2 10.4 9. 1 13.4 6.3 12 5.8 1 
1971/72 3. 1 63.3 1.6 10.6 4.4 13.7 5.5 12.5 7.7 0 
1972/73 2.7 62.5 1.4 10.6 3.1 13 .9 4.1 13.1 7.3 0 
1973/74 2.2 61.7 1 10.3 -0 .3 14.3 5.4 13.6 6.7 0 
Average 3.7 68.1 2 9.2 6.9 11 .6 8 11 .1 7.2 1 
1974/75 1.1 61.3 0.5 10.1 -1.6 14.1 -0.4 14.5 7.6 -1 
1975/76 0.7 61.4 0.8 9.4 -6.2 14 0.3 15.2 5.3 -1 
1976/77 1 61 0.4 9.5 2 .9 13.8 -0.6 15.6 3.9 -1 
1977178 -0.6 61.6 0.3 9.3 -3. 1 12.5 -9.8 16.6 5.6 -3 
1978/79 4.8 59.3 0.9 10.2 14 .5 13.5 13.2 17 7.5 2 
1979/80 4.8 59.2 4.6 10.6 9.7 13.6 5.4 16.6 2.3 2 
1980/8 1 0.6 58.1 -1 .2 10.9 3.4 14 3.3 17 3.2 0 
1981 /82 0.5 55.7 -3.6 11.8 8.5 14.5 4.4 18 6.3 0 
1982/83 10.1 57.5 13.6 11.3 59 13.5 2.8 17.6 7.8 6 
1983/84 -6.3 53.7 -12 .5 12.8 6 14.5 0.3 19 1.1 -9 
1984/85 -9.7 47 -20.9 14.8 4 .3 16.2 0.9 22 4.4 -12 
1985/86 9.9 49.6 16 14.4 6.6 15.2 3.5 20.8 3.8 6 
1986/87 14 51.7 18.8 13.6 8 15.4 15.1 19.3 6.2 10 
1987/88 -0.1 50.3 -2.8 13.1 -3 .8 15. 9 3.4 20.7 7.1 -3 
1988/89 0.3 50.6 1 12.2 -6.7 15 -5.5 22.2 7.5 -2 
1989/90 4.1 51.2 5.3 11 .2 -4 .7 15 4.4 22.6 5.8 0 
1990/91 -3.6 56 5.2 9.4 -19.1 12 -23.5 22.8 -2 .7 -6 
Average 1.9 55 .6 1.6 11.4 1.4 14.3 1 18.7 4.9 0 
1991/92 -3.7 56.5 -2.7 9 -7.1 12. 1 -2.5 22 .4 -5.2 -6 
1992/93 12 5305 6.1 10.4 28.1 13.2 22.2 23 14.8 8 
1993/94 1.7 50.7 -3.7 10.9 7 13.8 6.2 24.7 9.2 0 
1994/95 5.4 49.7 3.4 11.2 8. 1 13.9 6.4 25.2 7.7 3 
1995/96 10.6 51.5 14.7 10.6 5.4 13.7 9 24. 1 5.9 7 
1996/97 5.2 50.7 3.4 10.8 7 14 7.7 24.5 6.7 2 
1997/98 -1.2 45 .7 -10.8 11.2 2.3 15 5.6 28. 1 13.3 -4 
1998/99 6.3 44.7 3.8 11.7 11.4 14. 6 3.5 29 9.8 3 
1999/00 5.3 43.2 1.9 11.5 3 14.9 7.5 30.4 10.4 2 
Average 4.6 49 .6 1.8 10.8 7.3 13.9 7.3 25.7 8. 1 1 
2000101 7.9 45 .1 11.5 10.5 5.2 14.7 4.9 29.7 4.5 -2 .3 
2001/02 0 43.5 -2.3 10.6 2.3 15.1 4.4 30.7 4.6 -9.6 
2002/03 -3. 1 39.6 -12.6 11 .5 4.3 16.3 3.2 32.6 7 5.2 
2003/04 12.3 42.2 18.9 11 7.1 15.7 7.1 31 6 19.1 
2004/05 8.7 44.1 15. 1 10.7 7.1 15.2 7.2 29 .8 6 11 .7 
Average 5.5 47.2 2.9 7.6 7.3 8. 1 3.5 

Source; NBE Bulletin and own computation 
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year 

1969/70 
m 

18118 
182/8: 

Appendix 2 Consumption of Petroleum Products by Product type (IN MC 
rosene prj O!~o(share I LPG I LPG price I %of share I Gasoline I %of share I Diesel I %of share l lnland fuell %of share I Jet fuel ! %of share I Others I %of share 

6000 0.39 0 .0· 
6800 0.39 0 .0.: 
4500 0.39 0.01 2900 1.12 0.006 77000 0.17 205800 0.46 99100 

Total 
)300 

4800 0.39 0.01 2800 1.12 0.007 70000 0.18 176100 0.46 73000 0.19 48200 0 .12 11617 O.O~ .)00'"'11 

6100 0.39 0 .02 2700 1 0.007 70700 0.18 178800 0.45 78700 0 .2 49800 0.12 131 14 0.03 3990
" 

7800 0.39 0.1 3000 0 .92 0.007 74700 0.19 186600 0.46 64600 0 .16 54800 0 .14 12072 0.03 
3400 0 .92 0 .007 93500 0 .2 212700 0.46 56900 0 .12 77500 0.17 15449 0.03 461649 
4200 0 .92 0.008 99100 0.19 248500 0.48 70900 0 .14 71300 0.14 21613 0.04 517513 
4200 0 .92 0.008 106700 0.19 270600 0.49 80500 0.15 65800 0. 12 24273 0.04 

5400 0.42 0.Q1 4500 0 .92 0.008 105700 0.19 268400 0.48 96500 0.17 59300 0. 11 19350 0 .03 -55915"61 
4464 0.44 0.01 2875 0.92 0.006 63948 0.14 205820 0.45 99078 0.22 58393 0.13 24527 0.05 45915'?-j 
4836 0.44 0.01 2875 0.92 0.008 60466 0.16 176057 0.46 73020 0. 19 48232 0.13 17520 0.04 
6102 0.44 0 .02 2747 1.03 0.007 62695 0.16 178807 __ 0.45 78748 0.2 _ 49792_ 0,13 . 16328 _ 0 .04 \ 3952 19 
7789 0.45 0.02 2975 1.08 0 .008 60386 0.15 186628 0 .47 64579 0.16 54814 0.14 19039 0.05 3962 10 
2183 0.45 0 3357 1.08 0.007 90189 0.2 2 12691 0.46 56855 0 .1 2 77485 0. 17 18843 0.04 4461603 
1916 0.53 0 42 14 1.08 0.008 98313 0. 19 248505 0.48 70928 0. 14 71267 0.14 27700 0.05 

0.53 0 4191 1.26 0.007 105344 0.19 270592 0 .48 80472 0.14 65839 0.12 32851 0 .06 
0.6 0.01 4500 1.3 0.008 105626 0.19 268420 0.48 96455 0.17 59302 0 .11 24113 O. 
0.6 0.02 9000 1.3 0.012 158000 0.21 352400 0.48 97500 0. 13 82400 0.11 2546 1 o. 
0.6 0.03 10000 1.3 0.013 169200 0.21 374000 0.47 95200 0. 12 99300 0 .13 24854 

35800 1 0.6 0.04 9000 1.3 0.01 174000 0.19 392400 0.42 11 0400 0. 12 183300 0 .2 288§.: _._- - --- ------ - - - - ---- -----

47092 0.6 0.05 9462 1.3 0.01 174640 0.19 394039 0.43 11 2900 0. 12 145969 0 .16 30307 
11986/87 I 62980 0.6 0.07 11164 1.3 0.012 172491 0.18 436242 0.45 122149 0. 13 126354 0 .13 317001 0.03T 963( 
p987/88 -+ 80440 0 .6 0 .08 10457 1.3 0.011 174164 0.18 449998 0.45 11 9084 0.12 154219 0.16 4392 0-1- 992; 

93266 0.6 0.09 11883 1.3 0 .011 170408 0.16 472600 0.46 13211 1 0.13 15434 1 0.15 3094 
98097 0.6 0 .1 10563 1.3 0.011 162412 0.16 454834 0.46 113328 0.11 144606 0 .15 1754 

r1990/91 1 38398 0.6 0.05 7324 1.3 0 .01 124671 0.17 349175 0.47 70194 0.09 151424 0.2 53311 Or 746! 
11991 /92 I 71634 0.74 0.11 4562 1.3 0 .007 130687 0.19 349647 0.52 56246 0.08 61065 0 .09 10il.J. Il.J. 673! 

1994/95 165263 1 0.18 9132 2 0 .01 166812 0. 18 414184 0.45 106609 0. 12 63504 0.07 186 01 , . 
82374( 
"~569( 

.. \A72i 1995/96 199716 1.25 0.2 8227 2.5 0.008 184378 0.18 460584 0.46 97739 0.1 53887 0 .0" <~51 01 ~~!. . 
1996/97 213382 _ 1.4 0.2 7950 _ 3.69 0.007 182757 0.17 495141 0.47 105746 0. 1 54938 0.05 24~ Q.j. 1060 1 6 ~ 

1 0592~ 1997/98 209101 1.4 0.19 4558 3.69 0.004 180355 0.16 539998 0.4 
1998/99 196794 1.4 0.18 2054 3.69 0.002 181724 0.16 561309 0.5 109 148 0 .1 71421 0.06 0 ot 1122-"50 
1999/00 199671 1.45 0.16 2060 3.69 0.002 185368 0. 15 631133 0 .52 117541 0.1 68252 0.06 0 0 
--- 1.9 0 .16 12758 10.48 0 .0 1 181889 0.13 710506 0.64 127712 0 .09 74903 0 .06 15526 0 _0 1 1 134s8a-fj 

259751\ 1.95 0.19 10134 10.1 0.01 171338 0.13 682747 0 .51 127399 0.09 81504 0 .06 17257 o .ou 1350130 
----"4-- - 0.18 11395 9.38 0.008 187666 0 .13 --754259 0 .51 141942 0 .1 94887 0.06 15712 0 .01\ 14750 71" 

21 0.21 20780 9 .57 0 .017 193969 0. 13 769044 0 .54 82648 0 .06 68029 0.05 15985 0 .01 
33307~ 2.9?1 0.22 21118 9 .74 0 .019 200450 0. 13 746316 0 .53 90700 0 .06 60100 0.04 18450 O.0!l 1470213 

Source ; EPE , 2004/05 and own computation 
Others includes Asphalt ,AV gazoline and Lubricants 
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Appendix 4 Consumption of Kerosene and LPG by Region (IN MC) 
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I 

Appendix 5- Value of Import ,Export ,Crude and Refined Petroleum 
%of crude 
&refined 

va lue of va lue of crude and growth of growth of petroleum Trade 
. year import value of export refined petroleum import export as import ba lanc~ 

)79/80 1432858 950667 339384 0 0 23.7 -48219~ 

)80/81 1384234 851509 345322 -0.0339 -0.1043 24.9 -532725 
)81/82 1641661 778083 361453 0.186 -0.0862 22 -863578 
)82/83 1752945 809625 396992 0.0678 0.0405 22.6 -943320 
)83/841 2067005 929625 378388 0.1792 0. 1482 18.3 -11 37380 
)84/85 1770433 744572 317925 -0.1 435 -0.1991 18 -1025861 
l85/86 2201265 9238 16 252534 0.2433 0.2407 11 .5 -1277449 
l86/87 2236946 795284 225824 0.0162 -0 .1391 10.1 -1441662 
l87/88 2274651 773672 216770 0.0169 -0.0272 9.5 -1501009 --
l88/89 18241 19 902753 212851 -0.0722 0. 1869 10.1 -1207600 
l89/90 2130305 736806 225081 -0.1356 -0.1838 12.3 -1087313 
190/91 1810897 542485 210426 01679 -0.2637 9.9 -1587820 
19 1/92 3618718 279026 193153 -0.1499 -0.4857 10.7 -1531871 
192/93 4739967 800814 821090 0.9983 1.87 22.7 -2817904 
193/94 6546274 1238729 737567 0.3098 0.5468 15.6 -3501238 
194/95 7708246 2732046 993914 0.3811 1.2055 15.2 -381422~ 

)95/96 8505200 2539056 93 1865 0 1775 -0 .0706 12.1 -5169190 
196/97 9338459 3485626 1504100 0.1034 0.3728 17.7 -50195.4 
)97/98 11702004 4141582 2265515 0.098 0. 1882 24.3 -5196877 , 

)98/99 11438681 3637260 1308988 0.2531 -0.1218 11 .2 -8064744 
199/00 16193600 3957802 2012220 -0.0225 0.0881 17.6 -7480879 
)001011 16193600 798 1500 215 1326 0.4157 1.0164 13.3 -82 12100 
)01/02 17709500 8027400 2202554 0.0931 0.006 12.5 -9682100 

. 

)02/03 20 138700 9777900 2463917 0.1372 0.2 181 12.4 10358900 
-

)03/04 27333900 12916600 2608208 0.3573 0.321 9.5 14417300 
-

)04/05 33728700 15578800 3008400 0.234 0.21 9.1 18149900 
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Appendix 6 Data of kerosene price LPG price and consumption 

year Kerosene pri ce LPG Price 
1964/65 0.39 cents / L 1.12 cents/ kg 
1968/69 0.39 1.00 
1972173 0.42 0.92 
1976177 0.42 1.03 
1980/8 1 0.53 1.26 
1984/85 0.60 1.30 
1988/89 0.60 1.30 
1992/93 0.90 1.40 
1996/97 1.40 3.68 
2000/0 I 1.90 10.48 
2004/05 2.92 9.74 

Kerosene LPG 

YEAR 
1964/65 6000 2600 
1967/68 4800 2800 
197017 1 2200 3400 
1973174 5400 4500 
1976177 6102 2875 
1979/80 1916 42 14 
1982/83 16000 9000 
1985/86 47092 9462 
1988/89 93266 11883 
199 1/92 71634 4562 
1994/95 165263 9 132 
1997/98 209 101 4558 
2000/01 224537 12758 
2003/04 292766 20780 
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Appendix 7 - interpretation of the Estim ated Variables 

.:. KCPC and LPGC PC: Kerosene and LPG consumption per cap ita income, respecti ve ly. 

Data on these variab les are record ed in metric cubic. These were however converted to 

litters by use of the conversion factors (multiplyin g the metric cubic by 1000). The data 

obtained from Ethi opian petroleu m enterprises. The per capita consumption is obtained by 

dividing the liners by the popu lation fo r the respecti ve year. 

.:. RPK and RPu>G Reill price of Kerosene and LPG, respect ive ly. Since there was no cOlllmon 

unit price for Kerosene and LPG I in the country. We ha ve taken Add is Ababa retail pri ce 

for Kerosene and LPG. This price is taken to represent the reta il price for the whole 

country in thi s study. This is then di vided by GOP denator (Nominal GOP divided by Real 

GOP) to obtain the real price. Kerosene and LPG price data al so obtained from EPE and 

Mi ni stry of trade and Industry . 

• :. RIPC: Rea l income per cap ita: The income is prox ied by the rea l GOP. We sha ll al so taken 

note of th e innuence of populati on growth to rea l GOP by using per cap ita income in stead 

of aggregate fi gu res (dividing real GOP by total popu lation). The data of GOP is obta ined 

fro m the Nationa l Bank of Ethi opia . 

• :. POPG (popu lation growth ): Higher populati on densiti es (usua ll y hi gh popu lati on growth 

rate) exert pressure on Kerosene and LPG use due to increase in demand for cooki ng 

li ghting and other activities. So that we took population growth as one determinant factor 

for of Kerosene and LPG demand . The data is obtained from central stati sti cs offi ce and the 

Ministry of Finance and Economic Deve lopment. 

.:. LU (leve l of urbani zation ): when peo ple tends to li ve in urba n, th ey use more commercial 

energy for their cook ing, and other purposes,. Th e rate of urbanization may affect Kerosene 

and LPG use in both the short and long-run. LU obtained by di viding urban population by 

total popu lation . 

• :. RFEE: rea l fore ign exchange earnings (this includes export of goods and serVice, net 

capital inflow, net tran sfer government and pri vate (net in come) and errors and omi ss ions). 

The rea l va lue is obta ined by di vidin g the nominal ex ports by ex port unit va lue index . 
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Appendix 8 Calculation of GHGs em tss ton for residential fuel 
combustion (gm!kg)or (gm!l itter) 

Co Ch4 TNMOC N20 
Gas 2,0 0.2 0,2 0,005 
Oil 0,9 0.4 0,2 0,030 
Wood 80,9 5,0 9,0 0,060 
Charcoal 200,0 6,0 3,0 0,030 
Dung(Agri cultural state) 68,0 4,0 8,0 0,050 

I. Determining using IPPC emission factor given for "Natural gas" and the net 

calorifi c va lue given for LPG, 

2, Determining using the IPCC emiss ion facto r given for "Oil" and the net Calorific 

value given for "Kerosene", 

3, Determined using the IPCC emiss ion factor for " other biomass and wastes" and 

the average of the net ca lori fic values for "dung" and "agricultural wastes". 

TNMOC* - Tota l non-methane organic compound, 
Source- International Energy Initiati ve ([EI) 

Bang lore, 2000, 
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Appendix -9 estimated coefficient of the general parsimonious 
model 
(Including all insignificant variables ; lnkcpc pc-give out put ) 

Equation 1 
Variable 
D21nkcpc 1 
D21nkcpc_2 
D21nkcpc_3 
Constant 
D21nrpk 
D21nrpk_1 
D21nrpk_2 
D21nrpk_3 
D21nrplpg 
D21nrplpg 1 
D21nrplpg 2 
D21nrplpg 3 
D21nrpci 
D21nrpci 1 
D21nrpci_2 
D21nrpci_3 
D21npopg 
D21npopg 1 
D21npopg_2 
D21npopg_3 
D21nlu 
D21nlu 1 
D21nlu 2 
D21nlu 3 
D21nrfee 
D21nrfee 1 
D21nrfee 2 
D21nrfee 3 
ECM 1 
Dummy 

for D21nkcpc 
Coefficient 

1. 3645 
-1 . 6807 
0 . 97545 
0 . 23116 

2 . 9991 
4 . 4442 

0 . 44310 
5 . 7855 

- 0 . 20410 
-1 . 4573 

1 . 7086 
1 . 6242 

- 10 . 870 
- 3 . 1053 

2 . 9059 
- 9 . 2596 

3 . 0493 
- 1 . 1041 
0 . 63073 
0 . 47344 

17 . 658 
- 7 . 8014 
- 6 . 7481 
- 3 . 1858 

1 . 3385 
0 . 079857 
0 . 044603 
- 0 . 43063 
- 0 . 81670 
- 0 . 49350 

Std . Error 
0 . 49853 
0 . 62151 
0 . 40573 
0 . 88589 

2 . 9566 
1 . 6572 
1. 5246 
1 . 7897 

0 . 95518 
1.1605 
0 . 75879 
1 . 0054 
4 . 7830 
10 . 485 
7 . 3124 
9 . 8112 
1 . 0799 
0 . 3769 
1.6775 
1 . 4863 
11 . 671 
10 . 623 
8 . 0292 
8 . 8500 

0 . 65152 
0 . 92263 
0 . 57884 
0 . 48575 
0 . 48541 
0 . 81170 

t - value 
2 . 737 

-2 . 704 
2 . 404 
0 . 261 
1 . 014 
2 . 682 
0 . 291 
3 . 233 

- 0 . 214 
-1 . 256 

2 . 252 
1 . 616 

- 2.273 
-0.296 

0 . 397 
-0 . 944 

2 . 824 
- 2 . 931 

0 . 376 
0 . 319 
1 . 513 

- 0 . 734 
-0 . 840 
-0 . 360 

2 . 054 
0 . 087 
0 . 077 

- 0 . 887 
- 1 . 683 
- 0 . 608 

t-prob 
0 . 0339 
0 . 0354 
0 . 0530 
0 . 8029 
0 . 3495 
0 . 0365 
0 . 7811 
0 . 0179 
0 . 8379 
0 . 2559 
0 . 0338 
0 . 1573 
0 . 0634 
0 . 7771 
0 . 7048 
0 . 3817 
0 . 0302 
0 . 0110 
0 . 7199 
0 . 7609 
0 . 1810 
0 . 4904 
0 . 4329 
0 . 7312 
0 . 0857 
0 . 9338 
0 . 9411 
0 . 4095 
0 . 1435 
0 . 5655 

RA2 = 0 . 935838 F(29 , 6) = 3 . 0177 [0 . 0852] OW = 2 . 42 
RSS 1 . 261952529 for 30 variables and 36 observations 

RA2 relative to difference+seasonals = 0 . 93228 
AR 1 - 1 F ( 1 , 5 ) = 55 . 7 91 [0 . 0007] * * 
ARCH 1 F ( 1 , 4) = 0 . 037115 [0 . 8566] 
Normality ChiA2(2) ~ 3 . 7087 [0 . 1566] 
RESET F( 1 , 5) = 0 . 19834 [0 . 6747] 
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Appendix -10 estimated coefficient of the general parsimonious 

model 
(Including all insignificant 

Equation 1 for 03lnlpgcpc 

Variable Coefficient 

031nlpgcpc_ 1 1 . 1416 

03lnlpgcpc_2 - 0 . 63404 

031nlpgcpc_ 3 -1 . 2940 

Constant 
D3lnrplpg 
03lnrplpg_1 
D3lnrplpg 2 
D31nrplpg_3 
031nrpk 
D3lnrpk_1 
D3lnrpk_ 2 
D3lnrpk_3 
D3lnrpc i 
D3lnrpci_1 
D3lnrpci_2 
D31nrpci 3 
D3lnpopg 
D31npopg 1 
D31npopg_2 
D3lnpop9_ 3 
D31nlu 
D3lnlu 1 
D3lnlu 2 
D3lnlu 3 
D3lnrfee 
03lnrfee 1 

-
03lnrfee 2 
D3lnrfee 3 
ECM 1 
Dummy 

0 . 79803 
-0 . 45212 

-1 . 2651 
1 . 2869 

- 0 . 67558 
0 . 93659 

2 . 7149 
-0 . 40387 
-0 . 55914 

3 . 9840 
-6 . 4558 

-1 . 5561 
8 . 9200 
1. 3389 

0 . 94314 
0 . 48694 

2 . 4421 
-11 . 913 

8 . 1866 
-6 . 4683 

5 . 6746 
0 . 12797 

- 0 . 89361 
-0.87445 
-0 . 61923 
-0 . 42346 

0 . 11817 

variables; InLPGcpc pc-give out put ) 

Std . Error t - value t - prob 

0 . 24204 4 . 716 0 . 0053 

0 . 30936 -2 . 049 0 . 0957 

0 . 22270 -5.811 0 . 0021 

0 . 26044 
0 . 19004 
0 . 45910 
0 . 89359 
0 . 75882 

1.1413 
0 . 59777 
0 . 54692 
0 . 99088 
1 . 6011 
2 . 5502 

4 . 0965 
4 . 3245 

0 . 79179 
0.51651 
0 . 57367 

1.0849 
7 . 3232 
4 . 0940 
4 . 1583 
3 . 1213 

0 . 24058 
0 . 36005 
0 . 38662 
0 . 28980 
0 . 38282 
0 . 39936 

3 . 064 
- 2 . 379 
-2 . 756 

1. 440 
- 0 . 890 

0 . 821 
4 . 542 

-0 . 738 
-0 . 564 

2 . 313 
-2 . 531 
-0 . 380 

2 . 063 
1 . 691 
1 . 826 
0 . 849 
2 . 251 

-1 . 627 
2 . 000 

-1 . 556 
1 . 818 
0 . 532 

- 2 . 482 
-2 . 262 
-2 . 137 
-1 . 106 

0 . 296 

0 . 0280 
0 . 0321 
0 . 0400 
0 . 2094 
0 . 4141 
0 . 4492 
0 . 0062 
0 . 4934 
0 . 5969 
0 . 0365 
0 . 0240 
0 . 7196 
0 . 0941 
0 . 1516 
0 . 0893 
0 . 4347 
0 . 0742 
0 . 1647 
0 . 0820 
0 . 1805 
0 . 1287 
0 . 6176 
0 . 0557 
0 . 0732 
0 . 0857 
0 . 3190 
0 . 7792 

RA2 0 . 978387 F(29 , 5) 7 . 8048 [O . 0152} DW = 2 . 63 

RSS 0 . 1456304798 for 30 variables and 35 observations 

RA2 relative t o difference+seasonals = 0 . 98300 

AR 1- 1 F ( 1 , 4) = 
ARCH 1 F ( 1 , 3) = 

Normality Chi A2(2)= 
RESET F( 1 , 4) = 

1. 0223 [0 . 3692} 
0 . 036445 [0 . 8608} 

0 . 23295 [O . 8901} 
1. 87 [0 . 2433} 
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Appendix - II Determination of lag length on kcpc and LPG demand 
models. 

.EROSENE DEMAND 
'rogress to date ; LAG 1 , 2 , 3 , 4 compare with system 4 , 3 , 2 , 1 respectively 
ystem T p log-li kelihood SC HQ AlC 

1 37 14 COl NT 34 . 082833 - 0 . 47602 -0 . 87067 - 1 . 8423 
3 37 21 COINT 39 . 507863 -0 . 086120 -0 . 67809 -1 . 1356** 
2 37 28 COlNT 49 . 7 4 9926 0 . 043401 -0 . 74589 -1. 6892 
1 37 35 COlNT 107 . 32331 -2 . 3855 -3 . 3721 -4 . 8013 

Tests of system reduction 
System 3 --> Sys t em 4 : F( 7 , 16) 0 . 77891 [0 . 6198] 
System 2 --> System 4 : F (14 , 9) 0 . 85650 [0 . 6165] 
System 1 --> System 4 : F (21 , 2) 4 . 8954 [0 . 1832] 

System 2 -- > System 3 : F ( 7 , 9) 0 . 95085 [0 . 5153] 
System 1 --> System 3 : F (14 , 2) ~ 5 .4 405 [0 . 1659] 

System 1 --> System 2 : F( 7 , 2) 6 . 1336 [0 . 1473] 

,PG DEMAND 
'rogress to date ; LAG 1 , 2 , 3 , 4 compare with system 4 , 3 , 2 , 1 respectively 
.ystem T p log - likelihood SC HQ AlC 

4 37 14 COlNT 56 . 105910 -1 . 6665 -L . 0611 -3 . 0328 
3 37 21 COlNT 59 . 659526 -1.1754 -1 . 7674 -2 . 2248** 
2 37 28 COl NT 72 . 533446 -1 . 1881 -1 . 9774 -2 . 9207 
1 37 35 COlNT 126 . 78032 -3 . 4373 -4 . 4239 - 5 . 85 30 

Tests o f system r e duction 
System 3 - - > S y stem 4 : F ( 7 , 16 ) 0 . 48406 [0 . 8324] 
System 2 - - > Sys t em 4 : F(14 , 9) 0 . 91942 [0 . 5717] 
System 1 --> System 4 : F(21 , 2) 4 . 2491 [0 . 2076] 

System 2 - -> System 3 : F( 7 , 9) 1 . 2928 [0 . 3517] 
System 1 - -> System 3 : F(14 , 2 ) 5 . 2347 [0 . 1718] 

System 1 - - '> Syste m 2 : F( 7 , 2) 5.0772 [0 . 1744] 

WHERE; 
AIC Akaike Info rmat ion Criteria 
SC Shawartz Bayess ian Criteria 
HQ Hannan-quinn Stati stics 89 
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Appendix 12 Result of Granger-causality test for KCPC and LPGCPC. 

Auto r egressive-distributed lag model of lnkcpc on lnrpci 
Auto regression part has lags 1 to 2 
Distributed Lag part has lags 0 to 2 
The present sample is : 3 to 41 
Auto regression 

Lag 1 Lag 2 
Coeff . 1 . 089 -0 . 1321 
Std . Err 0.173 0 . 1759 

Distributed Lag 
Constant Lag 0 Lag 1 Lag 2 

Coef f . 3 . 658 0 . 08882 -0 . 6217 0 . 314 
Std . Err 27 . 58 1. 861 2.499 2.039 

RSS = 8 . 886265312 R'2 = 0 . 904379 
F(5 , 33) = 62 . 4228 [0 . 0000) ** 

Granger-Causality test for adding lnrpci to 1nkcpc : 
F(3 , 33) = 0 . 028286 [0 . 9935) 

Autoregressive-distributed lag model of lnlpgcpc on lnrpk 
Auto regressi o n part has lags 1 to 2 
Distributed Lag part has lags 0 to ? 
The present sample is : 3 to 41 
Auto regression 

Lag 1 Lag 2 
Coeff . 0 . 5967 0 . 1914 
Std . Err 0 . 1709 

Dist ributed Lag 
Constant 

Coeff . 
Std . Err 

0 . 3429 
1. 54 6 

0 . 1801 

Lag 0 
0 . 0154 
0 . 3719 

Lag 1 
0 . 4092 
0 . 4169 

Lag 2 
- 0 . 2373 

0 . 3924 

RSS = 3 . 074184816 R'2 = 0 . 689318 
F (5 , 33) = 6 . 32388 [0 . 0003) ** 

Granger - Causalit y test for adding lnrpk to lnlpgcpc : 
F(3 , 33) = 0 . 41132 [0 . 7459 
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