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'FoROCASTING MARKEr SHARE'::: OF ALTERNATM FUElS IN TURKEY 

The objective of this study is to examine the interfuel substitution 

mechanism, and thus to forecast the market shares of alternative fuels, 

:tIl Turkey. Alternative energy sources are ass1.llred to be bituminous coal, 

lignite, petroleum and electricity. 

It is of increasing interest to energy policy makers to detennine the 

demand response of users to increasing fuel prices. In this study, consurrp-

tion trends and interflEl substi tut_ion mechanism are examined through the 

use of a forecasting m::rlel. A mul-Linornial log it formulation is used as the 

functional fonn to explain the :rrar ket shares of the four main fuel types. 

The model specification indicates that the dependent variable is the loga-

rithm of the ratio of share of the other fuels to the forth, where the base 

share can be chosen arbitrarily. On the other hand, the independent variables 

of the model are relative prices. This simultaneous model is also dynamic ' 

structure so that long tenn reactions to explanatory variables can be 

assessed. 

The model is implerrented using tine-series data at the national level, and 

the two-stage least squares technique of Zellner (1962). The estimated 

elasticities indicate that relative changes in fuel prices have significant 

effects in the short-and especially in the long_runs. The results also imply 

that petroleum and charcoal are tile most price responsive fuels . 

. / .. 
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In order to forecast the future I,,2rrket shares, eight alternative pricing 

scenan.O s CITe developed. Al thougr the forecasts vary depending on the 

assumptions used; we can conclu6,~:: that bituminous coal and lignite will be 

substituted for petroleum, and pi:::troleum sliare will continue to decline 

as long as its relative price cc:-:tinues to increase. 
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TURKiYE 'DE ALTERNATiF YA:K-iTIARIN PAZAR PAYLARININ TAHMiNi 

Bu ~al1~ amaC1 Tiirkiye'deki degi;lik ya]<lt tipleri arasmdaki ikarre rreka­

nizmaslll:L incelerrek ve bu yaJn tlarlc:l gelecekteki pazar pay larmL:tahmin etnek 

tir. Konu edilen yak1t tipleri tasokCrniirli,kornUr ,linyit,petrol ve elektriktir. 

Enerji fiyatlarmm slirekli artrna.slyla, milli bir enerji :politikas1 sap­

tama.ya <;;al1;;anlarlll dikkatleri talep yap1sma. ~evrilmi;;tir. Bu ~al1;;mada 

ise, tUketicilerin egilimleri ile yakltlararas1 ikaITE rnekanizmas1 bir on 

kestirim modeli arac1l1g1yla incel~~;;tir. Yukar1da belirtilen dort ana 

yaJ<lt tipinin pazar paylarlDl a~1.Jdarnak i~in bir "multinomial 10]it" for­

mUlasyonu kullanllnu;;trr. Once rastgele bir yakl t tipi se~ ilmi;;, ve diger 

yaJ<ltlarm pazar paylarlDll1 se~ile,l yak1ta oranlarlDll1 lo:raritnaS1 ba.gJID-

11 degi;;ken olarak modele ko:nrrru;;tur. B6ylece degi;;ik yak1t tiplerinin pi­

yasa paylar1 birbirine ba.gJllll1 olarak bulurunaktachr. Diger taraftan, ya­

k1t tiplerinin nispi fiyatlar1 ba.gllllS1Z degi;;kenleri olu;;turma.ktrr. Ayn1 

zamanda dinamik bir yap1ya da sahip olan bu model, uzun dooenrle fiyatlara 

kar;;l rneydana gelebilecek tepkileri de gozonline alnBktadlr. 

. / .. 
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Mc:x:lEn, Tlirkiye seviyesindeki 5!.DlTI2I1 serileri verileri ve Zellner' in 

(1962) iki a!;iamall en kii<;ill<;,.\xeler yontemi kullanllarak <;all!;itlrll­

TIU!;itlr. Clkan sonu<;lar, fiyat ertl!;ilarJIlln talebi 6nemli boyutlarda 

etkiledigini ortaya koymu!;itLIJ:·. F'iyat elastikiyeti en fazla olan ya­

kl tlar ise petrol ve ta!;ikOrrfu:LiCifu. 

Gelecekteki pazar paylarlnl 1::.1'l:JiTj.Il etrrek i<;in sekiz degi!;iik fiyat se­

naryosu denenmi!;itir. Tahminie:dn kullanllan varsaylITllara gore degi!;iik­

likler gosterrresine kar!;iln OSL:Llebilir ki, petrollin paYl fiyatlarl 

arttlgl slirece dU!;irreye devarr e~'2Cek, ve kOmUr ve linyit petrollin ye­

rini almaya ba!;ilayacaktlr 0 
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I. JNTRODlCI'ICN 

1.1. ENERGY IN THE :OCONOMY 

Energy and econOIT!Y are close~y interrelated. Energy is both a productiVi 

input and a cons1.ll1ption object. Alrrost all productive facilities use 

energy as an input. On the other hand, as a cons1.ll1ption good, it is 

used for a variety of end uses such as heating, lighting, cleaning, 

cooking, transportation, etc" 

Energy is a vital component ::..n the econcmic and social well-being of 

a nation and IIDSt be considered explicitly in the formulation of the 

national 'and internatio~l p:::>licy. 

The Turkish economy faces SE~ious problems arising from energy shortag 

and high dependence on inport.ed energy. The energy bottleneck leads to 

underutilization of productive facilities, unemployrrent, decreasing 

competitive pcMer in internat.ional markets and deficiencies in balance 

of payrrents. There is a strong need for a national energy policy which 

is closely interrelated witt. econcmic and social policy and with 

international developrrents. (,uestions of econcmic growth, balance of 

trade, and protection of thE environment IIDSt be considered in a I 

balanced way, and complex trade-i)ffs IIDSt be made among these and othe~ 
national objectives. I 

As the inportance of energy in policy making becorres apparent, researcJ 

and analysis in the field of energy forecasting becorres inportant, 

too. And, it is of increasing interest to ener<jj' policy makers to 

determine not only the derrand response of users to increasing fuel 

prices, but also the substitution relationships between the primary 

fuels conswred. Most energy is interchangeable in many uses and the 

choice of energy is greatly dependent on proximity, availability, 

relative cost and feasibili t", of use. 

Short-tenn demmd for energy can be estimated through the use of a 

forecasting m::xlel. The m::xleJJeveloped in this study aims at understan 

Of conS1.ll1ption trends and interfuel substitution rrechanisrn and thus 

forecasting the market share;, of alternative fuels in Turkey . 

. / .. 
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1.2. ENERGY SCENE IN TURKEY 

The primary energy sources thc,~ .Te currently significant are as the 

following: 

- Commercials: Bituminous coal, Lignite, Petroleum, Hydropower 

- Non-cornrrercials: Firev.DOd, ].: ··ual and vegetable wastes (Dried dung) 

The sources that are planne:: ,be used by 1990 are: 

- Nuclear Energy 

- Geothermal Energy 

- Solar Energy 

- Ni?-tural gas 
.".-Blornass 

And
J 
the new energy sources th,_~ have started to be used in other countriel 

but not in Turkey are: 

- Wind Energy 

- Tidal Energy 

- Ma.gneto-hydrod~c Power 

On the other hand, the energy:;onsurners can begrouped as five different 

sectors: 

- Industrial Sector 

-Residential Sector 

- Transportation Sector 

- Agricultural Sector 

- Electricity Generation 

And, the alternative sources f'Jr each of the above sectors are: 

Industrial: Petroleum, COG': lignite, electricity, fireVK>Od and 

natural gas. 

Residential: Petroleum, cc lignite, electricity, fireVK>Od, dried 

dung, geoi:tErmal ( -. ~'Y, solar energy and natural gas. 

Transportation: Petroleum,ll and electricity. 

Agricultural: Petroleum, elect L :.ty, fireVK>Od and dried dung. 

Electricity: Petroleum, co,.] lignite, hydropower and nuclear energy. 

Before diSCUSSing each of the Inc:<)r supply options, it is better to make 

an overview of our energy consurrption, reserves and energy sources. Severa. 

important points errerge from exc: iniIlg our energy scene, as surrrnarized 

below. 

. / .. 
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The consumption shares of the energy sources in 1982 are as follows-I..! 

Petroleum 44.9 % 

Lignite 14.3 % 

Coal 7.6 % 

Hydropower 8.9 % 

Natural gas 0.1 % 

Firewood 13.5 % 

Aninal and vegetable wastes 9.6 % 

Imported electricity 1.1 % 

For about two decades, the pattern of energy consunption in Turkey has been 

constantly changing. Up to 1950, \N'e see a shift from noncorrrrnercial fuels to 

coal. But from this point on, and up to mid - seventies we can see a change 

from a coal to an oil age (See: Figure 1) 

Figure 1. Energy Cor:surnption in Turkey, 1950-1982 

lillian tOllS of 
coal equivalent ~ 

me:renental) 50 

40 

30 

20 
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1950 1960 
Source: SPO 

1970 

Petroleum 

Lignite 

1980 82 Year 

1/ Source: State Planning Organization. :>th 5year Develorxrent Plan, Special Conm:ifu 
Preparatory report on Energy. 
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The abundant availability of petroleum, its convenience and its lower price 

has led to the substitution of coal by petroleum. In 25 years '(between 1950 

and 1975) market share of petroleum has increased fran 7 percent to 50.5 per 

cent, while share of coal has declined fran 24 per cent to 10 per cent. 

On the other hand, growth rates of lignite and hydropower shar65have been very 

small. Lignite share has increased from 5 per cent to 10 per cent and hydropawe 

share has increased from 0.1 per cent to 5 per cent in 25 years. 1976 is a 

turning point, so that with increasLn.g petroleum prices the share of petroleum. 

(which was 51 per cent in 1976) has started to decrease and reduced to 45 per 

cent in 1982. This new trend is expected to continue in the coming years. 

Because, high current prices and uncertaini ties as to the future price and 

availability of petroleum lead the users to shift increasingly toward other 

fuels. 

The change in demand lies not only in alteration of COIlSl.lITption patterns, but 

in a significant increase in the detlEIld for imported energy. The increasing 

dependence on imported energy can be seen fran Figure 2. 

Lllion tons of 
coal equivalen 

50 
(Increrrental ) 

40 

30 

20 

10 

1950 

Figuri2 2. Energy supply in Turkey, 1950 - 1982 

1960 

Energy deficit 
(lmported petroleum 
+ elec ,_. it;i'l 

. coal 

1970 1980 Year 

Source: state Planning C ganization 

2 _ 5th 5 year Develo:pnent plans Special Corrmi tte Reports on Energy. 
- / - -
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So, our energy problem in one of the discrepancy between the fonns of energy 

we are consuming and the fonn we have dorrestically. 4S percent of' our energy 

constnnption is petroleum, but our petroleurn reserves are very srna.ll as corrpared 

to large arrount of reserves of the other sources. Table 1 shows the known 

reserves of energy sources. 

Table 1. Energy reserves in Turkey~1 

~ 31 Mil.tons of coal eg.- Mil.tons of . coal 

Petroleum 90 Nuclear 1020 

CQCll 1240 Hydro S5 

Lignite 2520 Geotennal 10 

Natural Gas 20 Solar 20 

Another point of interest, regarding the energy sources consurred is that 

they do not include renewable sources such as solar and geotennal energy. 

Use of hydropowe;; an i.rrp.::>rtant lHlewable source;is also very _ srna.ll as compared 

the large arrounts of hydro reserves. (Only 11 per cent of the usable potential 
is being used.) 

1.3. ALTERNATIVE ENERGY SOURCES 

This section outlines the alternative sources of energy to meet present and 

prospective demand. 

1.3.1. Petroleum: 

Until 1973 , petroleurn has bee;: the cheapest and the IlDst convenient 

energy source. Turkish petroleum production has also increased until 

1970 (See: Figure 3). From this point on, declines in dorrestic petro­

leum production and increases in inported petroleum price have led 

to huge arrount of import bills. 

.1 .. 

~I state Planning Organization, 5th 5 yell' Developrrent Plan, Energy, Special 

Committe Pre-report. 

Y Conversion factors are listed in Appe: ,-iix A. 



Figure 3 
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total petroleum cons1.1Irption. 

1960 1970 1980 Years 

Source: SPO 

6. 

2-5th 5 year Deveioprent Plans, Special Corrrnitte 
Reports on Petroleum 

The objective of energy policy must obviously be to reduce the dependence 

on petroleum to a sufficient ext-:Dt to allow nonnal economic forces of 

substitution and creation of alternatives to begin to work effectively. 

1.3 .2. Bituminous Coal 

Coal is one of our oldest comrrercial energy sources. Main resource 

is in Zonguldak region with a knO\..;rn reserve of one billion tons. It is 

possible to increase coal proiuction by 50 percent until 199o!1. 

Coal imports nay al~o increase. 

. / .. 

4/ state Planning Organization 
5th 5 year Developrrent Plar. f Special CQ.lIIlitte Pr~atory report on. 

Energy. 



7. 

Coal can substitute for petroleum in several areas. First, it can 

be used for heating purposes in industrial and residential sectors. Second 

it is a prirrary energy source in electricity generation. M::>reover, it is 

an inF:>rtant input of iron-steel industry. 

1.3.3. Lignite: 

Lignite production has shown a continuous increase from 1950 on. But 

because of its low specific heat, and difficulties in its transportation 

and usage, it has not been preferred as riuch as coal and petroleum. 

But now, increasing oil prices and difficulties in coal production has 

made the lignite an inF:>rtant alternative. 

Reserves are very close to the surface of the earth, and lignite mining 

does not require a high technology. With known reserves of eight:- billion 

tons, lignite can be the ITOst inp::)rtant source that will bring solution 

to the energy problem in the short and rredium term. Lignite can substitute 

for petroleum in industrial and residential sectors, and in electricity 

generation. 

1.3 .4. Hydrop::>Wer: 

Hydropo~ is the ITDst important renewable energy source and Turkey has 

fairly reach reserves. The usable potential is around 142 billion kwhf 
year (Approxi.m3.tely 10 tines of today' s usage)~. This potential makes 

it possible to increaSe the share of hydroelectricity in tOtal energy 

consumption. But, to generate electricity from hydrop::>Wer requires very 

large and costly investrrents and very long lead times . 

1.3.5. Natural Gas 

It is known that, the VvDrld has natural gas reserves as much as petroleum 

reserves. As many other COuntriES, Turkey has natural gas reserves, too. 

Known reserves are about 15 bilJ~on m3•
6f 

Production has started in 1977, 

but today natural gas consumptic_ is only O.lp?r~cent of the total energy 

conS1.ID1ption. And, in the short 2::1, a significant change in its share is 

not expected. 

Natural gas can be directly corr.r-'sted or converted 'to liquid fuels. Its 

transportation is very easy, 23.' :::an also be used in transportation sec-

tor in combination with petro 

lizer and petro""i:hemical indc 

§f The State Hydraulic Works. 
6 f State Planning Organization. 

products. It can also be used in ferti-

~s. 
.f .. 

- 5th 5 year Development Plan, SJ?-3- ,1 Comnitte Pre-Report on Energy. 
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1.3.6. Solar Energy: 

The greatest advantage of :::lIar energy is its ubiquitousness. But the 

usage areas are limited to he.ating and obtaining process heat. And direct 

use of solar is often rrore expeilsi ve than the other conventional sources. 

Because of the many law cc-::: alternatives, use of solar energy in the 

generation of p::>wer is un~ "l·;:.ely. Without substantial incentives, usage 

of solar energy will rerra~ quite low over the next years. 

1.3.7. Nuclear Energy: 

NUclear energy offers the ~tential for meeting a significant fraction 

of our energy needs far i1 . ;) t.~ future. But uncertainties are very 

great for nuclear energy.1e energy p::>tential is very high, and so are 

the social and enviroI1ID2Iltc..l risks. 

1.3 .8. CBotherrral Energy: 

GEOthennal energy, the nab..2l heat of the earth holds great promise to be 

one of the abundant fonns .: energy. Geoterrral p::>tential of our country 

is very high (4500 M\T or:: .000 tenral MW)V It can be used both for 

electricity and heat gene:-~ion_ But the required investrrents are very 

costly and have long lead ·_5..nes_ 

t.4. SCOPE OF THE STUDY 

In this study, energy sources SUe as natural gas and nuclear energy are not take 

into consideration, because it i; 'ot possible to rmke use of them in the short 

run. On the other hand, the corrp: ·::.i ve interactions arrDng the al ternati ve source 

in electricity generation are no"," . akE; into account because of the very long 

lead tirres involved in these interactions. This analysis covers only the de and 

for fuels which are available for::nd use in the other four sectors (industrial, 

residential; tnarsportation and o· :i.culture). Thus, the alternative fuels becorre: 

Comrrercials: Petroleum, coal, .ignite and electricity. 

N:>nCOITIrIercials: Firew::x:xi and ani: l-vegetable wastes. 

.j •• 

Jj State Planning Organization 

5th 5 year Development Plan, ~ia::' Corrmitte Pre-Rep::>rt on Energy. 
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From 1950 on, there has been a L:ansition from noncormercial fuels to 

cormercials. Share of nonconmercial fuels in total energy consunption 

has declined from 64 per cent to 23 per cent, from 1950 to 1982 (See also 

Figure 1). But this transition involves not so IIUch substitution of one 

source for another, but the use of new energy sources for new activities. 

Therefore, it seems better to con.::::entrate only on the substitution between 

'\_ petroleum, "Coal, lignite and electricity. 

1.5. ENERGY DEMAND AND INT.EREUEL SUBSTI'IUI'ION 

Accepting that the conpetitive energy sources are coal, lignite, petro-

leum and electricity, alternative sources with respect to sectors can be 

sunmrrized as in Table 2. 

Table 2. Breakdown of altc:native eRergy sources by sectors 

Industrial Res idential AgriCulture Transpor- Electrici 

Coal 

Lignite 

Petroleum 

Hydro 

Electricity 

x x 

x x 

x x 

x x 

tation Generatio 

x x 

x 

x x x 

x 

x x 

Several factors influence the pre erence pattern of users in selecting arrong 

the above al ternati ves. Sone of 1. ,ese factors determine the size of the to 

market, others measure the switch~ ng pattern anong the fuels. These factors 

are as follows: 

- National income, Q@ 

- Population trends 

- Fuel prices 

- Price predictions 

- Rate of change of prices 

- Stocks of energy using goods 

- Government policies 

- Supply availability of alternal ,Te fuels 

- Air pollution abatement Fequir( 2llts 

- Investment level of the industr 

- New construction,etc. 
I 
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Assuming that the above factors an explanatory variables, demand equatio1)S 

can be derived in order to forecas-~ the market shares. 

It is useful to nodel the demand for energy sources in terms of their market 

shares rather than absolute quantities. Using market shares rather than 

quantities as dependent variables has certain advantages. First, this pro­

cedure avoids inclusion of some inoependent variables necessary with the 

latter type of demand nodel (incomE::, population, etc.) For e:xanple, one need 

not include incorre variables in the rrarket share nodel for which changes in 

incorre \.\Duld be expected to influence demand for all fuels equally. And second, 

the nodel concentrates attention on the competitive interactions am:mg the 

fuels. 

A traditional approach to estinate the energy demand has been to develop 

separate demand equations for each fuel. But, the individually forecasted 

danands may not be reasonable, because the rroclels are estinated independently. 

The equation system should incorporate the choices of all fuels sirrultaneously. 

In this study, a multinomial logit formulation is chosen as the functional 

form to explain rrarket shares of the four main fuel types: cOal, lignite, 

petroleum and electricity. This simultaneous nodel is also dynamic in strucbm 

so that long-term reactions to explanatory variables can be assessed. 

) 

. / .. 
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II. LITERATURE SURVEY 

Energy system m:x1els are fOImulated and inplerrented by the theoretical and 

analytical lIEthods of several disciplines including engineering, economics, 

operations research and rranageIIEnt science. M:xlels based primarily on econo­

mic theory tend to emphasize behavioral characteristics of decisions to pro-

\duge and/or utilize energy, whereas m:x1els derived from engineering concepts 

tend to emphasize the technical aspects of ·these processes. Behavioral m:x1els 

are usually oriented toward forecasting ,!ses, whereas process m:x1els tend to 

be nornative. 

'!he energy m:x1els can be divided into several groups according to their scope 

and they range f:rom demand m:x1els of a single fuel to m:x1els encorrpassing the 

overall energy system wi thin the economy. As Hoffrran and Wood (18) suggested, 

the three major g:roups of energy nodels and forecasts are: 

1. Sectoral M:xlels, covering the supply or demand for specific fuels or 

energy forms; 

2. Industry Market M:>dels, which include roth supply and derrand relationships 

for individual or related fuels; 

3. Energy System .M:xlels, which cover supply and/or dernand relationships for 

all energy sources. 

In recent years, a spate of papers has appeared that have been developed and 

applied to the analysis of the energy system and to the developrent of fore­

casts for planning purposes. This chapter is devoted to review SOlIE of these 

papers. '!he errphasis is on the nodels which attempt to estimate the behaviora 

demand for energy. 

2.1. SEa'ORAL J.rnELS 

Sectoral nodels are defined as relating to SOlIE specific energy activitj 

fonning a part of a specific energy industry market. Econorretric m:x1els 

are used rrost often for characLerizing energy demand. 

. / .. 
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MJst sectoral econorretric nodelling c ::::forts in the energy area have focused 

up:>n the demand for a single energy lTl:gut in _one particular use. Such nod.els 

are used principally to provide an analysis of the detenninants of demand and 

to forecast dernand with given estinEtes of the variables that are exogenous 

to the m:xiel, including price and other variables neasuring the market size 

for the .energy inputs (population, eN?, incorre, etc.). These m:xiels have been 

designed to focus on specific):<olicy issues such as price policy. Since they 

are limited in scope, thEY generally dL) not have broad applicability. 

Taylor (36 :) surveyed and evaluated econometric m:xiels of the short-and long­

. tenn demand for electricity in the residential and corrmercial sectors. The 

m:xiels surveyed are classified according to sectoral detail (residential, 

col1IIercial and industrial) and the neasure of electricity price used, and 

short-and long-tenn prices and incorre elasticities are surrmarized. Taylor 

revieW2d the special problems associated with nod.elling t.hi:= dem:md for elect­

ricity, including the fact that such demmds are derived demIDds depending 

on the stock and utilization rates of equipment, the fluctuating utilization 

rates for the equiprent (Peak dena.Tlds), and the effects of the regulatory 

process on the pricing schedules. Taylor concluded that, to varying degrees, 

m:xielling efforts have not yet deal t with these problems. 

Chern and Just llO ) presented a regional electricity demand forecasting nod 

developed at the Oak Ridge National I..a1xJratory. The nodel has the folla.ving 

imp:>rtant features. First, the m:xiel is regional and provides state-by-state 

forecasts. Second, the m:x:1el takes into account both short-run and long-run 

it forecasts demands for the residential, COIlllTErcial and industrial sectors. 

Finally and. IIDst importantly from a forecasting point of view, a structural 

specification is developed for the cost-price cOmponent of the nodel Which 

takes account of the cost justified price increase mechanism imp:>sed on utili t 

This structure is important in obtaining mutually consistent forecasts of cos 

and prices. 

The nodel is basically a siIrultaneous equations system in Which both electrici 

demand and price are endogenously determined. The IIDst important exogenous fac· 

of the m:xiel are income variables and prices of substitutes. 

. / .. 
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In the study by Wills ( 42 .), siKJ:::-:.-and long-nm responses by households 

to changes in the price of elec"-...rici ry are estimated using data which per­

mit m2asurerrtEmt of the marginal price of electricity, the inframarginal 

dem:md charge, and estimates of household appliance stocks. The price elas­

ticities of high-and low-level users of electricity - who are hypOthesized 

to maximize utility - are corrpared. Imd, the theoretical bias in price elas­

ticity esti.rrB.tes resulting front neglect of the infra-marginal d~d charge 

is shown to be enprically insig;.lificant. 

In a recent paper, Hug and Dynes ( 20 ) examined the residential derrand for 

electricity in Virginia. Hug and Dynes derive seasonal estirrates of price 

elasticities from a detailed integrated econometric and end-use model that 

does not constrain the demand fllilction to constant elasticities with respect 

to explanatory variables. The elasticity coefficients derived from the model 

conform to expectations based on theoretical considerations. 

SWeeney ( 33 ) has developed a model of the demand for gasoline in order to 

sUPfOrt analysis of conservation policies effecting autorrobiles. Vehicular 

gasoline consumption for any tirP.e period is a derived demand that depends on 

the total mnnber of miles drive..n and the average number of miles per gallon 

for the fleet in operation during the period. The denand for vehicle miles is 

estirrated by a function of real disposable inCOIlE per capita, the unenploynEnt 

rate, and the cost per mile of autCXlDbile travel, including the cost of 

gasoline and tine. 

Another model of the derrand for gasoline has been developed by Greene and Kulp 

( 16 ). In that study unprecendented declines in highway use of gasoline in 

the United States in 1979 and 1980 are analyzed by ne.ans of a gasoline demand 

model. Approxirrately half of the reduction in use in each year over the pre­

ceeding year can be attributed to the short-run effect of higher gasoline 

prices. MJst of the rerrainder can be traced to declines in real household 

incomes and increasing fleet fuel efficiencies. 

./ .. 
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A recent paper by Brown (7 has presented an aggregative nodel of 

United States consurrption of petroleum and ~ products, of a type which 

niight potentially be used to derive short-tenn forecasts of U.S. petro­

leum consumption and i.rnp::>rts. The rrodel atterrpts to separate income-and 

weather-related changes from those induced by changes in relative prices, 

with emphasis on the dynamic path of consumption responses to price 
, 

changes. Estimation results suggest that there are still significant \ 

price effects six years after a change in the relative price of petroleum. 

2.2. INDUSTRY MARKET MODELS 

M:::Xl.els for energy industry m:rrkets include process and econooetric models 

as well as process/econometric rrodels, which characterize both the supply 

and the de:rrand for a specific or related set of energy products. The 

greatest utility of such rrodels is in providing a consistent frane-work 

for planning industrial expansion and studying the effects of regulatory 

policy on the industry. Much of the rrodelling work in this area involves 

the coupling of process and econometric techniques to represent supply and 

demand relationships, respectively. 

Adams and Griffin ( I ) combined an LP nodel of the United States refining 

industry with econometric equations determining endogenously the prices, 

quantities dem:md, and inventory adjustlrents for the major petroleum product 

Exogenous inputs to the econornetric/LP nodel are the refining process 

configurations, product quality specifications, factor input prices 

(crude oil, etc.); economic activity and the stocks of petroleurn-consuming 

equipment. In the first step, the requirements for the various petroleum 

products are determined in the demand equations. Using these requirements 

as output constraints, the solution to the LP nodel indicates the volune 

of c.rode~il required, process capacity utilization, operating costs, and 

outputs of by-products such as residual oil. In turn, capacity utilization, 

inventory levels and crude~il prices detennine the product prices. 

A system dynamics model of the coal industry has been developed by Naill, 

Miller and Meadows (32} to study the role of coal ~.in the transition of 

the U.S. energy system from oil and gas to renewable resources up to the 

year 2100. The interrelationsp-iEs- in the coal production sector between 

demand, investrrei1t, labor and production are rnodelled along with the oil 

./ .. 
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and gas sector and the electric sector. Tine delays associated with R&D 

and plant construction are included in the synthetic fuel sector where 

liquid and gaseous fuels are produced from coal. The denand for energy and 

the market shares of various fuels are determined endogenously as a function 

of price, GNP, and population. These variables are exogenous to this rrodel, 

although in rrore corrprehensive system dynamics rrodels they are also determi­

ned endogenously. 

Me Avoy and Pindyck ( 3@ ) developed. an econorretric policy simulation nodel 

of the natural gas industry. The rrodel has been used extensively to analyze 

the effect on the industry of current and proposed regulation of the well­

head price of gas and permissible rates of return for pipeline companies 

purchasing and selling natural gas in interstate markets. Demand for natural 

gas by industrial, residential, and corrmercial costumers depends on the whole­

sale price of gas, the prices of alternative fuels, and market size variables 

such a population, incorre and investrrent levels. 

Griffin ( 17 ) has developed an econaretric nodel of the supply and demand 

for electricity. The nOOel is estimated by using U. s. national tine-series 

data. Major variables determined by the nOOel include the demand for electricity 

in the residential, industrial and cormercial sectors, nuclear capacity expansio 

distribution of generation requirerrents between nuclear, petroleum, gas and 

coal, and the price of electricity. Inlp:)rtant exogenous variables include 

various neasures of market size such as population, real disposable incorre, 

GNP, the price of petroleum, gas and coal, the GNP deflator, total generating 

capacity, construction costs, and ot..~ operation costs. The nodel is simulta­

neous because the average price of electricity, a determinant of demand, depends 

on the generating mix. The rrodel has been used to conduct simulation studies 

of the inpact on demand and the generating mix, alternative projections of 

relative fuel prices. 

Ba.ughnEn and Jaskow ( 3 :) have also developed an engineering/econonetric nodel 

of electricity supply and derrand. The rrodel combines an engineering supply nodel 

with an econometric rrodel, and links the tv-D with an expl.icit nodel of the 

regulatory process by which the price of electricity is determined. Demands 

for electricity, natural gas, coal and oil are est:iJna.ted for the residual, 

cOll1Tercial and industrial sectors by functions of fuel prices and various 

market-size variables. 

. / .. 



2.3. ENERGY SYSTEM MODELS 

Analysis and IIDdelling of the overall energy system, including all fuels 

and energy fonns, were stinn.llated largely by the need to develop forecasts 

of total energy demand, of an individual sector or of the whole energy 

market. 

Much~f, the initial WJrk in this area involved the develornent of energy 

balances in which forecasts for individual fuels were assembled. These fore­

casts highlighted many problems involving such factors as resource definition 

and interfuel substitution, which must be handled in a consistent m:mner for 

all fuel types and sectors and which led to increasing IIDdelling of the entire i 

energy system. 

In rrost of the forecasting studies, the energy balance nethodology has been 

enployed. in the following way: Independent est.iJrates of demand by each of 

the major end-use sectors, for each of the detailed energy types are developed 

by relating demand to aggregate econanic activity and trends in energy con­

sl.lITption. Independent estirrates of supply of najor energy types are developed 

and conpared with the demand estirrates. Differences are resolved, usually in 

a judgenental way, assuming that one energy type is available to fill any 

gap that nay exist between supply and demand. This energy type is nornally 

assurred to be petroleum, including crudeoil and refined petroleum products. 

The interfuel substitutions in these rrodels having separate demand equations 

for ~ch fuel can only be explored by including prices of canpeting fuels in 

each equation. But this ignores the interrelationships of consl.lITption between 

the fuels. To estimate energy demand requires a simultaneous equation system. 

But the rrodels developed with the sirnul taneous equation approach are very 
.I 

few as compared to the nodels using the traditional approach. Some of these 

rrodels are sumrrarized below. 

The nodel developed by Baughman ( 2 -) to study interfuel corrpeti tion uses 

system dynamics to simulate the flow of resources (coal, oil, natural gas and 

nuclear fuel) to the various demand sectors (residential, commercial, 

industrial, transportation, and electricity). The lOCldel has been applied 

at the U.S. national Level. And, it includes representation of the economic 

cost structure of the energy system along with invesbnent decisions and 

physical bonstraints on the supply of coal, oil, natural gas, and nuclear 

fuels. Demands are developed in two co:I1pJnents, a base demand that is not 

sensitive to price changes, and a market-sensitive demand that includes 
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increrrental and replacenent derrands. The nodel is used to simulate interfuel 

competition and to develop the quantities and prices of fuels. 

In the study by Halvorsen and Ford (1979), corrplete systems of energy demand 

equations are estimated for individual industries. Duality theory is used 

to derive the systems of derrand equations from flexible cost functions which 

impose only those restrictions on the estimated elasticities of demand and 

substitution that are implied by the econpmictheory. The results include 

estimates of own-price elacticies of demand for electricity, oil, gas, capital, 

production v;orkers and non-production v;orkers. A.1nost all of the estimated 

own-price elasticities are significant and indicate price responsiveness of 

demand. 

Another rrodel of interfuel substitution has been developed by Uri ("37 ), 

which studies the short-run energy demand by electric utilities. The nodel 

estimates the own-and,cross-elasticities of derrand and substitution for coal, 

oil and natural gas. Duality theory is used to derive systems of fuel-denand 

equations that are consistent with profit naximizing behaviour by electric 

utilities. The quantity of electrical energy produced is assurred to be a 

transcendental logaribnic function of both variable and fixed inputs. Each 

. utility naximizes restricted profit with respect to variable inputs (coal, 

oil and natural gas), given the quantities of fixed inputs (labor and capital) , 

the prices of variable inputs, and the price of electrical energy. Restrictions 

on the elasticities of demand and substitution are limited to those consis~nt 

with economic theory ~ The estimation tedmique is the iterative Zellner method 

{ 4'4 '}. The demand equations are estirrated with both current-period fuel 

prices and with fuel prices lagged various number of months. The results 

indicate that relative changes in fuel prices have significant effects in the 

short-run. 

In a later study by Uri (38 ), again a rrodel has been developed to forecast 

consumption of four fossil fuels (residual fuel oil, .distillate fuel oil, 

crude oil and natural gas) by electric utilities. This tine a multinomial 

logit formulation is used. The specification indicates that the dependent 

variable is the log of the ratio of share of the three fossil fuels to the 

forth, where the base is chosen arbitrarily. On the other hand, the srlBre 

of each of the fuels is a function of relative prices, weather, tine and 

seasonal factors. Using the iterative zellner r 44} technique, the m:xlel 

is irrplerrented. And, the results show that the responsiveness of the rela­

tive fossil shares to changes in fuel prices is consistently significant. 

The results of forecasting, also agree with actual shares. 
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A similar nodel has been developed by Cohn (11 _) studying fuel choice and 

aggregate energy derrand in the residential and commercial sectors. The demands 

for energy in both sectors are examined separately using a refined da.ta base. 

Fbr each sector, a multinomial logit fonrulation is utilized, along with an 

aggregate demand equation to determine analytically short-and long-run fuel 

price elasticities of demand for the major fuels consumed (electricity, natural 

gas and fuel oil). The shares depends on prices of these fuels, per capita 

disposable income, climatic variables, and a variable representing the \:. 

availability of natural gas. On the other hand, the Koyck Lagged structure 

used implicity asS1JIlES the dynamic adjustm2nt for the above explanatory vari­

abIes. That is, a variable explaining the demand of today is thedem:md of 

yesterday. The fuel share equations and the aggregate demand equation are 

estimated simultaneously by joint generalized least-squares technique. 

Recently, Uri C.3g ) has studied energy demand and interfuel substitution in 

the United Kingdom. Total energy demand is examined as a part of a simultaneous 

static dectsion on the optimum levels of all inputs-capital, labour, rnaterials 

and energy.-The approach for the estimation of substitution relationships is 

the translog price possibility fron~er. The price possibility brontier is a 

transcendental function of the logarithms of the prices of inputs. All energy 

sources (coal, oil, natural gas and electrical energy) are derronstrated to 

be substitutable. Using the concept of duality, market share equations are 

derived from trans log price possibility frontier, where the ratio of shares 

depends on energy prices. The share equations are estimated jointly as a 

multivariate regression system, using Zellner I s <- 44 ) tv.D stage least-squares 

procedure. 

It should be noted that the above review does not include any study which 

has been done for Turkey. Energy demand models developed for the Turkish 

econoII!Y are all of the traditional type, combining independent estimates 

for each energy source. 

The behavioral demand model developed in this study is similar to Uri IS (38 .) 

and Cohn I sell ) studies, in the sense that a multinomial logit formulation 

is chosen as the functional from to explain market shares~ of the rna jor fuel 

types. The nodel also considers dynamic structure of energy demand as in the 

study by Cohn. In estimating the nodel, ~ stage least-square technique of 

Zellner ( 44-) is used, as an efficient rnethod of estimating simultaneous 

equations. 

The next chapter covers the explanation of the nodel and the estimation 

procedure. 
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III. MODEL AND RESEARCH DESIGN 

3.1. THE FUEL SHARE IDDEL 

An econorretric nodel has been developed which explains the competitive 

interactions between four nein fuel types: 

and electricity. 

coal, lignite, petroleum 

nenand for each fuel type is nodelled in tenns of its rrarket share rat­

her than quantities. Since the energy narket has clearly defined limits, 

it is relatively easy to construct share proportions to regress upon 

various decision variables. On the other hand, using narket shares as 

depe'1dent variables has certain advantages. First, this procedure avoids 

inclusion of same independent variables such as income and pcpulation 

for which changes would be expected to influence demand for all fuels 

e::jUall y. And second, the nodel cOncentrates attention on the corrpeti ti ve 

interactions among all fuels. 

This section includes the model specification subsequent to the impor­

tant features of energy derrEnd and the basic assurrptions underlying 

the IIDdel. 

3.1.1. ESSENTIAL FEATURES OF ENERGY DEMAND 

One essential feature of energy demand is its derived nature. 

In general, energy is not desired for its direct effect, but 

for the utility derived from its use-heat, light or power. Fbr 

exarrple, there is not a dEm3I1d for electricity, but a derrand 

for electric heat, electric light or electric power . Fbr example 

in estimating the dEm3I1d for electricity as a direct function of 

real incorre and relative prices of fuels, one is irrplicitly 

suggesting that electricity demand is derived from the use of 

goods whose determinants themselves are real incone and relative 

prices of fuels. In essence, the estinating equation for 

electricity is the reduced form of a system of two equations. 

The first detennines the rate of purchase of goods, which provide 

services with electricity input, the second detennines the anount 

of electricity input utilized in the use of these goods . 

. / .. 
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The demand for energy is then derived from, and ultimately connected to the 

stock of energy using goods. Thus, energy denand depends on the existing 

stock of energy using goods, their depreciation rate, additions to the stocks, 

and the rate of utilization of the stock. Olanges in the demand for energy can 

quite easily be seen to differ substantially in the short and the long-runs. 

A short run is characterized as the tiTre when the stock of energy-using assets 

is fixed, and a long-~"when the stock is variable. 

'Ihe division of adjustment periods for energy use be~ a short and a long 

run suggests that estirnating fonns should be dynamic. A static equation will 

not be able to pick up the inportant differences in the rate of adjustrren.t 

between a short and a long run. 

To estimate energy dem::md requires a simultaneous equation system. The system 

is simultaneous because the consumer's choice of a particular fuel is based 

partially on that individual choice of fuel using appliances, while the par­

ticular appliance choice is dependent on the relative price of fuels. Moreover, 

the simultaneous equation system must incorporate the choices of all fuels 

simultaneously. For exanple, it is incorrect to attenpt to nodel the house-

hold's choice of 

of fuel-oil. 

coal as a separate decision from the household's choice 

A traditional approach to estimate the denand for energy has been to develop 

separate dem:md equations for eacl;1 fuel. The interfuel substitutions in these 

nodels can only be explained by including prices of competing fuels in each 

equation, but this ignores the interrelationships of consumption between the 

fuels. In addition, the effect of a price increase of a particular fuel on 

total energy consumption is uncertain using individual fuel denand equations. 

Since t.lBse types of rrodels are estirnated indeperrl2ntl:X~it is unsure if the sum 
/' 

of the individually forecasted demmds are reasonable. 

Thinking in terms of a simultaneous equation system naturally leads to a 

number of constraints on this system. One simple constraint \\Duld be that the 

market shares of all fuels add up to unity. Second, the constraints which the 

demand theory suggests should be incorporated in this simUltaneous equation 

system. These constraints deal with the price elasticities of demand. For 

example, own-price elasticities should be negative and cross-price elasticities 

should be positive. Of course, the constraints on the system necessiate special 

econorretric treatnent. 

./ .. 
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On the other hand, comparisons anDng the four principal sources of energy 

call for some cornrron standard of measurement. By converting all quantities 

into their kilocalories equivalent, we can have a cornrron data base. 

3 .1 .2. VARIABLES INF'LUENCllJG ENERGY DEMAND 

Several factors influence the pattern of energy demand. Some of these fac­

tors detennine the size of the total ffi3.Yket, others influence the preferen­

ce pattern of users among the alternative energy sources. These factors 

are as follows: 

- National inCOITe, G0W 

- Population trends 

- Prices 

- Price predictions 

Rate of change of prices 

- Stock of energ'.l using goods 

- Government policies 

- Supply availability of alternative fuels. 

- Air pollution abatement requirements 

- Investment rate of the industry 

- New construction 

As the ITDst irrp.::lrtant and quantifiable variables, we can specify national 

income, relative prices, rate of change of prices and stock of energy using 

goods. 

,MJdelling the dew:md for al ternati ve fuels in terms of their rrarket shares 

rather than absolute quantities rrakes it possible to eliminate sone of the 

above factors which determine the size of the total market. (e. g. national 

income, population) 

In sUffiffi3.YY, the ITDst effective factors in determining a fuel share are 

prices, prices of substitutes and existing stock of energy using goods. 

On the other hand, dynamic nature of energy demand suggests lagged effect 

of these variables. 'Ihe demand equations can be estirra-fed with both current­

period fuel prices and with fuel prices lagged various number of periods . 

. / .. 
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3 .1 .3. BASIC STRo:TURE OF THE MJDEL 

Based on the above discussion, basic structure of the model has been 

developed as follows: 

r-> Price of fuel (i) Market share of fuel (i) 

in year (t) = f ~ Prices of substifutes 

1---7' Stock of energy using appliances. 

In constructing the model, it has been assumed that energy prices are 

exogenous, i.e. dema.nd effects can be identified as separate from supply 

effects. It has also been assumed that energy will be available to fulfill 

demand at these exogenous costs and prices. If these t~ assumptions are 

not true, one w:::mld want to build a supply side into this model also. 

Effect of the stock adjustment rrechanism is quantified by means of lagged 

variables. In the following specification, the lagged dependent variable 

causes the influence of previous values of the independent variables to 

enter the equation: 

= f f 
Price of fuel (i) 

~ Prices of substitutes 

-7 Market share of fuel (i) in year (t-lj 

Market share of fuel (i) 

in year (t) 

The above model allows for some dynarnization of the relationship so that 

a long-term reaction to prices can be assessed. 

3 .1. 4. !-'DDEL SPELIFICATION 

Given the constraint that each of the shares is contained within the in­

terval (0,1), a linear model specification is unacceptable due to the 

possibility that forecasts may lie outside of it. The obvious solution 

is to have a transformation, for all possible values that yield forecasts 

in (0,-1) interval. This require.TflC'J1t suggests-the use of a cumulative func­

tion, whose upper round is one aDd whose lower round "is zero and will 

provide a suitable transformation. 

. / .. 
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The transformation adopted here is the multinomial logitspecification, 

and similar to the Cohn I s (. 11) work on energy use in residential and 

cornrrercial sectors ,and Uri I s (38 ) study on electric utility fuel con­

sumption. 

The logit rrodel is based on the function: 

1 
S;t= ----------- (11 

where Sit denotes the share of fuel (i) in period (t), the x jt I S are the 

exogenous factors causing variations in the fuel share (i) in period (t) 

and q; / 1>;1.1-- _ ... / P>1.. are coefficients. 

The specification provided in Equation (I) can be est:irrB.ted directly b:/ 

rreans of nonlinear least squares or, after a suitable transforrration of 

the dependent variable, by rreans of ordinary least squares. However, such 

a process v..Duld not use all of the inforrration efficiently. The estirration 

procedure should consider the fact that the sum of shares is equal to 

unity, given that the available choices are w.utually exclusive. 

To extend the log it nodel to the four-choice case that exist here, we 

write: 

x-' 
J 

(2a) 

(:~ t 
f\. 

L" 0( ~ ~fLJ X-' 
= J L. • 

J::{ 

(2b) 

n. 

Lo (~) 0\ ;- L fe l 
X- t = e I J J 

.sf' t J= ( 
(2c) 

. / .. 
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vmere, S , Sl' S , S denote the rrarket shares of c e p 'coal, lignite, 

electricity and petroleum, respectively. 

Each of these equations presumes that the logarithm of the ratio of the 

share of one fuel to one minus the share of that fuel relative to a similar 
\ 

ratio for another fuel is a linear functiDn of the set of explanatory factors. 

These values depend on L~e values associated with the remaining equations only 

to the extent that the system must be constrained so that the sum of individual 

shares is unity. 

Assuming that the explanatory variables are relative prices and lagged market 

shares, the fuel share nodel becanes: 

vmere S Market share of coal 
c 

Sl Market share of lignite 

S Market share of petroleum 
p 

S Market share of electricity 
e 

and P Price of coal (TLft(cal) 
c 

P Price of petroleum (TL/kcal) 
p 

(TLrKcal) P Price of electricity 
e 

PI Price of lignite (TIjkcal) 

. / . · 
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The market shares are further defined b1': 

S = Cdc s = 
Q

l Oe -~ c , 
1 

S =: S - and Qt = Q + Q,+ Qe+ Qp 
(4 ) 

Qt Q. 
e p c .L 

t Qt Qt 

where q, is the annual consumption of fuel (i) in kilocalories. 

Here, the base share is chosen arbitrarily to be petrolewn. And, all variables 

in the above equations are enterea as their logarithms in order to interpret 

the regression coefficients as point elasticities. 

The specification with the lagged dependent variable represents the reduced 

fonn, or estimable equation, rather than the structural from equation. The 

lagged market share causes the L"lfluence of previous values of the independent 
S' 

variables to enter the equation.~ Such a specification may assess the long-

tenn reactions to prices. 

The dem:m.d equations can be esti.rnated with both current-year prices and 

with prices lagged various mmiber of years. 

And, the constraints on the equations 3 (a-c) are: 

(Sum of shares is unity) 

(~~ price elasticies are negative) 

8/ 
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The assurred structural fonn equation is: 
oG • 

Derrand = o!...;- '0 Z. ~'Pr ice . 'i·.:1ere 0 < .f\ < 1 
t I 1.:;<;) t-l 

Which allows for a distribution of prices in a geome~ically declining 

fashion. The reduced fonn, or estimable equation is: 

" Demand = "" t 
Price, 

'C 
+/\ 

(5 ) 

(6) 
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3 .2. ESTIMATION PROCEDURE 

"\ 

We are now in a position to estimate the parameters of the model: 

0\<:.. 0\ ... C<e ?q, r\)q .' _. ?'-:L, Since the dependent variables in 
/ ./ ;.Ir/[ -' ....... r'· 

equations 3 (a-c) are rrarket shares, the disturbance tenns can be 

expected to exhibit joint covariance. Efficienc-y can be gained by using 

the iterative seemingly urlrelated (two-stage least squares) technique 

of Zellner ( 44). This is simply a generalized least squares estirration 

procedure to account for correlation among the error tenns associated 

with each equation in the multLDomial model. 

In Lhis procedure regression coefficients in all equations are estimated 

simultaneously by applying Aitken I s generalized least squares to the 

whole system of equations.21 'Io construct such Aitken I s estirrators .. 

Zellner's two-stage method employs estimates of the disturbance terw.'s 

variances and covariances based on the residuals derived from equation 

by equation application of least squares.101 

The system of equations can be written in the form: 

o ~ 

I (8 ) 

o 

o 

o o 

.1 .. 

91 Aitken's generalized least squares is given in a number of books. For 

exarrple, Lee, T . C., Judge, G. G. and Zellner, A., Chapter 6, I Estimating 

the Pararreters of the Markov probability Model from Aggregate Time Seri 

Data', North Holland Co., 1970, pp 73-84. 

101 This procedure has been applied to estimate t.~e parameters of simultan 

equation energy models developed by Chern ( 10 ), Cohn (11 ) and Uri 

( 37 , 38. and 39 ) 
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y=Xp +u 
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(9 ) 

where y is a n M x 1 vecCeor of observations on all dependent 

variables, X is a tiM x L en matrix of explanatory variables, 
ff" 

and u is a nMxl vector of F:1dorn disturbances. Further, let 

E(uu') JL 

(10) 

where ® denotes the Kronocker prcxluct, z.::: [ 6' ...... r J is a MK.M symrretric 

and positive definite natrix (r:-~, p = 1,2, •...•• ,H" and the dimension 

of I is nxn. If JL is known, bB."! the best linear unbiased estimator of 

.... '1. is given by 

* b = 
_, _1 _\ 

X' JL Xj -'- (X' Jl- y) (11) 

which is the Aitken's generalized least-squares estinator with variance 

(12) 

But JL is rarely known, so that (11) is not applicable. Zellner 

suggests replacing l1- by its consistent estimator 

(13) 

where 

is a MxM. natrix based on single EqUation ordinary least squares residualsJ • 

Zellner's two-stage Aitken est~ator then is: 

b = (X' .fL' X)-l (14) 

with variance given by 

Var (b) = (X' Jet X)-l (15) 

. / .. 
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The estimator awes its name t~ the fact that its construction consists 

of two stages, the first involving the calculation of least squares 

estimates and the residual variance - covariance IIB.trix, which is 

then used in the second stage in accordance with (14) above. 

In this study, first, the thrc:e equations are estiIIB.ted independently 

by ordinary least squares. The estimated residuals in addition to the 

original data, are thee'! used as input to a computer program which 

computes the iterative Zellner:- estiIIB.tes. 

For the ordinary least squares, the SPSS package in UNIVAC 1106 lib­

rary has been used. For the second stage of estimation a FDRI'RAK 

program has been written. The simplified flowchart and the list of 

this program are presented in Appendix D. 

Before proceeding with the presentation of estiIIB.tion results, a dis­

cussion of data is in order. 

3.3. DATA 

The share equations are estimated with annual data across all consu~g 

sectors for the years 1956 - 1'982. 

Annual consumption data for the priIIB.ry energy sources are obtained from 

the State Planning Organization, whereas the electricity consumption 

data are collected from the State Institute of Statistics. 

Since ITBking any changes in ti1e shares of fuels in electricity generation 

would require large L'!ves~~~s and very long lead times, competitive 

interactions among the altern2tive fuels in electricity production are 

not taken into acq:lUnt. And, dP.....mand for coal, lignite and petroleum 
d 

are found by substracting the consumption arrount of each fuel in thenro-

electric production from the total consump~ion arrount of that fuel. It 

should be noticed that the rrarket shares in Chapter 1 are based on 

primary energy sources, whereas, from now on, they rrean the share of the 

fuels which are available for end uses. (coal, lignite, electricity and 

petroleum) 

. / . · 



'The annual consurrption figures in ori9inal units are transforned to their 

kilocalories equivalent by using the conversion factors which are listed in 

Appendix A. Market shares are then cc l1puted by using equation 4. (See: Section 

3.1.4.) 

In line with the view that energy demand is derived, one should rreasure the 

consurrption in terms of output rather than input kilocalories. Input calories 

are the rreasurerrent of the kilocalories equivalent of the flow of a specific 

fuel to sectors. Output calories represent the energy available after the 

conversion to satisfy the use to which it is to put. But because of measurerrent 
I 

problems f we use input consumption. 

Figure 4 illustrates the market shares of the four fuel types, for the years 

1955 - 1982, where detailed consumpt2 ... '1l data are listed in Appendix B. 

Retail price data for petroleum are obtained from the General Directorate of 

Petroleum Works; for electricity from the State Institute of Statistics and 

from the Turkish Electricity AUG~oritiY; and for coal and lignite from the 

Turkish Coal Enterprises. 

The model uses relative prices rather than absolute prices, and thus necessita­

ting the use of a COrmDn unit for each fuel. Therefore, the prices in original 

units are transforrred to their TL/kcal equivalents. 

Variations in specific heats and prices of the petroleum products are handled 

by using weighted average prices of G'lese products as the petroleum price. 

The weighed average is computed by giving weight to each petroleum product 

according to its specific heat and its share. That is, 

weighted average 

petroleum price 

"'ilUnit price of '\ 

= 1:- product (i) in TL/kcal) / 
x (. Share of product (i) in) 

total petroleum (15 
consurrption 

Here, petroleum products are gasoline (super and normal), fuel-oil and 

diesel oil. 

Prices of coal and lignite which are obtained from the Turkish Coal Enterprises 

are also based on weighted averages. 

The price data are presented in Apperdix C. 

. / .. 
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Figure 4. Market Shares of . coal, lignite, petroleum and 

electricity 1955 - 1982. 
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IV. EXPERIMENTAL RESULTS 

4 .1. THE ORIGINAL M)DEL 

Using the specified datac:-c'c estimating technique, the rnxlel was 

implerrented. The estimatiJx results for the fuel share equations 

are summarized in Table 3. ne SPSS print out is also given in 

Appendix E. 

Table 3. PararreterE2timates for the original rrodel 

Equation 3a fiIuation 3b Equation 3 c 
Parameter Estimate I Parameter I Estimate I Parameter I Esti.rnc 

I 

I I «Co - 0.122 .0\ l- - 0.213 c(e.. ! - 0.2c 

I 
I 

PC{ - 0.130 PL~ - 0.322 ~~~ I - O.V 

(0.142) (0.130) 
\ 

(0.04 

rc~ 0.178 .?~:z. 0.277 p£,'l, 0.03 
I 

(0.214) (0.178) (0.07 

F'-3 - 0.201 PL3 - 0.196 pL 3 - 0.14 , 
(0.116 ) (0.119 ) . (0.07 

pc~ 
0.943 1?;l-.1.j 0.782 ft.'1 0.78 

I 

(0.061) (0.106) (0.09 

'. R2 0.97 F? 0.92 R2 0.89 , 
= = = 

F = 467.67 F = 74.07 F = 53.68 

D.W.= 2.61 D.W.= 2.36 D.W.= 2.33 

Note : Standard errors of the parameters are given is paratheses . 
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Tne results of the statistical 'l.alysis of the m::x3.el can be summarized 

as follows, where the details of this analysis is given in Appendix F. 

R2 values of the three equations are quite large, near 1.0, indicating 

that rrost of the total variatio; in the dependent variables are explained 

by the full set of independent -v "lriables included in the model. 

All F values are greater than the tabled value, so we can conclud~- t..l"lat 

the m::x3.el as a whole is a significant estimator of the fuel shares. 

On the other hand, Durbin-Watson values indicate the absence of serial 

correlation arrong the residuals" 

The lagged variables are very slgnificant (at 99.5 % level). But it should 

be noted that rrost of the price elasticities (~o/ rL..~..J fL:2../ r"3and ?t-d 
do not have the appropriate sign. (OWn-elasticities should be negative 

and cross elasticities should be positive). This condition indicates that, 

while t..~e model demonstrates a Significant relationship between the depen­

dent variables as a group, the technique has been unable to separate the 

specific relationships between each independent variable and the dependent 

variable, and assigned arbitrary coeffients to the variables. 

'Ib overCOffi2 this difficulty, the rrodel is m::x3.ified by IlDVing cross-price 

variables from the equations. Experimental results of t..~e new rrodel are 

presented in the next section. 

4 .2. THE MODIFIED MODEL 

The rrodified rrodel has the Saffi2 fonnulation and constraints as of the 

original rrodel, except the set of exogenous variables. In this model, 

exogenous variables are own-prices and lagged market shares. The following 

relations represent t..~e new m::x3.el. 

(16 a) 

(16 b) 

(16 c) 

. / .. 



The constraints on the rrodel are, 

Sc + Sl + Sp + Se = 1 

{.. 0 

33. 

(17) 

(18 ) 

Here, Si and Pi are the market sh::';lre and price, respectively" for fuel type 

i. (where i = e for coal, 1 for lignite, p for petroleum and e for 

electricity. ) 

As long as the accuracy of forecc :ting is concerned, the base share can be 

chosen arbitrarily. But it is ob~:Lved that, the ITDst inp::)rtant transition 

has occured between petroleum and the other fuels (Up to 1976, from _coal,1 
I 

lignite and electricity to petroleum, after 1976 from petroleum to the other~. 

The m::Xiel uses shares and prices of fuels relative to that of petroleurn, thu~ 

concentrating on the substi tutior between petroleum and the other fuels. 
i 

Using the data specified in secticm 3.3, the equations 16 (a-c) were estima-! 

ted separately by ordinary least squares. The demand equations wereestimat~ 
with boG~ current-period fuel prices and with fuel prices lagged various I 

number of years (one to five years). The best results were obtained when I 

current-period fuel prices were used, and it is these results that are refOr~ 

ted below. 

The set of pararreter estiIPates are shovm in Table 4. The SPSS printout is 

also given in Appendix F. 

. / .. 



Table 4. Parameter estimaies for the rrodified rrodel 

(Ordinary least squares) 

Equation 16 a 
Pararreter I Estimate 

Equabon 
Paraneter I 

16 b i 
Estimate 1 

Equation 

0.267 

(0.084) 

0.940 

(0.024) 

0.99 

F = 859.42 

D.W. 2.28 

= 

0.079 

(0.071) 

0.982 

(0.075) 

0.90 

F = 123.16 

D.vL= 1.58 

Parameter 

tl 

b.2.. 

03 

R2 = 

F = 

D.W. 

34. 

16 c 
Estinate 

- 0.119 

- 0.099 

(0.034) 

0.852 

(0.098) 

0.86 

78.29 

1.96 

Note: Standard errors of paraneter estimates are given in parantheses. 

Tne estimates of the disturbance terms (u , u
1

, and u ) were then used to c e 
obtain the Zellner's two-stage least squares estimates (Estimation procedure 

is explained in Section 3.2). The results of the second stage of estimation 

are reported in Table 5, whereas the corrputer output is in Appendix H. 

Table 5. Parameter estimates for the rn:::xiified rrodel 

('IWJ stage least squares) 

Equation 16 a Equation 16 b Equation 16 c 
Pararreter Estimate Paraneter I Estimate Pararreter Estimate 

o({ - 0.3649 fl - 0.1404 O{ - 0.1213 

O(J.. - 0.2246
x 

F~ - 0.0673
xx .0.2.. - 0.0798x 

(0.075) (0.054) (0.027) 

0\3 0.9421
X 

P3 0.9723
x 

~ 13 0.8586x 

(0.020) (0.066) (0.092) 

I 

R2 = 0.99 R2 = 0.92 R2 = 0.90 
F =1188. F =138. F =108. 

D.H. 2.31 :Di. v;. = 1.60 D.W. = 1.98 = 

Note: standard errors of the ?Clrc<rreter estinates are given in paratheses. 
xl Significant at 99.5 % le\,cl 

xxi Significant at 75 % Ie'· 1 
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Corrparing the results in Tab~,. 4 and Table 5, it is observed that applica­

tion of the two-stage least squares procedure has resulted in a significant 

reduction in the estimated coefficient estimator variances as compared with 

those of single equation least squares. The computer program written for the 

second stage prints out only the parameter estimates, and the statistical. 

tests of the model are done manually. The results of the statistical analysis 

are sunrnarized below, where the details are given in Appendix K. 

2 
R values of the three equations are quite large, indicating that IIDSt of 

the total variation in the market shares are explained by the full set of 

explanatory variables. In other WJrds, excluding cross-prices has not inf­

luenced the explanatory pcM1er of the model. 

All F values are greater than the critical values, so the IIDdel as a whole 

is a significant estimator of L~e fuel shares. 

Durbin-Watson values also indicate the absence of serial correlation aIIDng 

the residuals. 

All coefficients have the correct sign', and, except f"-.1 they are significant 

at 99.5 % level or better. Thus, one can conclude that price elasticities 

are not zero and the responsiveness of the relative fuel shares to changes 

in fuel prices is consistently significant. For example, as the relative 

price of 

share of 

coal (to petroleum) increases, a reduction in the relative 

coal will be observed. Similarly, as the relative price of lig-

nite declines, a large proport.ion of lignite is forthcoming. This is mainly 

due to the substitution of coal/lignite for petroleum, which is used for 

heating purposes in residences, and for proceS3·and space-heating purposes 

in the industrial sector. 

In the nodel, the short-run coefficients ( ot;.l.l 1.1.. / 'b..2. ) indicate the 

usage response, whereas changes in the owner-ship of energy-using capital 

are included in the calculated long-run coefficients (coefficients of the 

lagged dependent variables: 0\ ?. -' pjU1d "b 3 ) 

Comparing the short-run coefficients to the long-run coefficients (0.2246 

to 0.9421, 0.0673 to 0.9723, and 0.0798 to 0.8586 for equations 1, 2 and 3 

respectively) and considering their standard errors'; it is observed that 

effect of the existing stock of energy using gcx::xis is greater t.~an the effect 

of a price change. In other 'WOrds I long run price effects are more dominaI1t 

. / .. 
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in the energy market. This ~::·t can be attributed to the long investrrent 

periods involved in changinS! the erlergy using stocks of the industrial 

sector. 

It is not surpriSing that stlort-run elasticities are relatively small. 

This analysis covers all ens.rgy using sectors except electricity gene­

ration (narrely, residential, industrial, agriculture and transportation 
\ . 

sectors). And the :rncx1el reflects the effect of price changes to the energy 

demand without differentiating between the sectors. But all fuels are not 

perfect substitutes in all sectors. For example, in transpJrtation sector, 

lignite can not be substitL 2d for petroleum. M:)st of the interfl€l substi­

tution occurs in the residential and industrial sectors, where the total ! 

energy consllllption in these tw:J sectors constitute approxirrately 78 per cent~ 
of the total energy consumption in Turkey. 

On the other hand, estirrates of the rrodel having only lagged shares or only 

price ratios as dependent variables, have resulted in insignificant esti­

nates. Lagged shares or prices alone, can not explain the cha.T1ges in the 

ma.rket shares. That is, relative prices are effective roth in the short 

and long run. 

The lagged dependent variable coefficient value of 0.9723 in the second 

equation (as compared to 0.9421 in the first and 0.8586 in the third 

equations) suggests Lhat the speed of adjustment to price changes of lig-

nite users is sorrewhat smal: r than that of coal and electricity users. 

That means, it is rrore difficult to mike changes in the stcx:::ks of lignite 

using capital. At the same tirre, short-run price coefficient of lignite( f~ 

is least significant, indicating that lignite prices are less effective 

than prices of other fuels, in the short-run. 

. / .. 
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Considering the market;: YES of fuels over the years 1955-1982 (See: 

Figure 4), it is expecte. that the greatest substitution is between 

charcoal and ~troleum. 'Ihe est.imation results are in line with this 

expectation: Relative share of coal is more responsive to the changes 

in its relative price than that of electricity and lignite. (Compa-

rll1g 0.2246 (0(1. ) to 0 Cl798 f.2 and 0.0673 ('(.1. ) 

4 • 3. MARKET SHARE FOREx::ASTS 

This section presents forecasts of market shares of the four rrain fuel 

types for the ~riod 1983-1990. In order to make forecasts, future va­

lues of the exogenous var-,-ables in the rrodel must be projected. The exo­

gonous variables are relative prices. The uncertainty of future price 

values makes it necessaI}T to follaw a sce~£rrio approach and to develop 

several scenarios of ener~y prices to investigate the sensitivity of 

future demand to changes L~ the prices of substitute fuels. 

The forecasting p2riod is chosen to be 1983 - 1990. Extending the fore­

casting period w::Juld lead to misleading results, because uncertainties 

are greater in the long rilll, l::ot.11 for prices and alternative fuels. For 

exarrple, it is very difficult to forecast prices of ten years later. On 

the ot.l1er hand, it is expected that new alternatives such as geotnermal 

energy will corne into the picture in the long run. 

4.2.1. FUTURE SCENARIOS 

The scenarios of E..:lergy prices are based on the following assump­

tions: 

1. During the forecasting p2riod, petroleum price will increase 

continually. A'1d, since it is dependent on exchange rates, 

petroleum price will increase at higher rates than the price 

of other fuels. 

2. Lignite and coal prices will decrease relative to petro1eurn 

and electricity prices. 

. / .. 
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3. Electricity price will dep -j on the prices of other fuels which are used 

in theonroelectric productn. As the share of hydropoW2r in electricity 

production increases, it is expected that electricity price will decrease 

relative to the petroleum price. 

4. In other words, with real I=L"ices: 

- Petroleurn price will incre:ase, 

- Coal price will remairh stable, 

- Lignite price will decrease or remain stable, 

\ 

- Electricity price will re.Tflin stable, or increase at the sane rate with 

petroleum or increase at a slower rate than petroleurn. 

Based on the above assumpticns eight alternative scenarios are developed. 

In all of these scenarios, it is assumed that rate of change in the rela­

tive prices will not differ £rorn year to year. 

Arrong the eight scenarios, Scenarios 2 to 7 can be considered as the IIDst 

probable ones. Assuming higher crrange rates of prices would not be reliable. 

In the following scenarios, only Scenario 1 assumes sharp decli.ties in rela­

tive prices. On the other hCLid, Scenario 8 is based on the assumption that 

relative prices will not change during the estimation horizon. Of course, 

it is possible to develop II1ac:"1y other scenarios by using different rates. 

The scenarios are presented :below. Here, the figures at the right-hand 

side show the relative price trends where P , Pl , P and P stand for c e p 
price of coal, lignite, "lectricity and petroleum, respectively. The 

actual relative prices for "" )82 are: 

P c = 0.3496 
P 

P 

SCENARIO 

P 'P 
c/ p 

Pl/Pp 

Pel P 
p 

1 

P 
P 

decreases by 20 

decreases by 30 

decreases by 10 

0.1466 

% every year 

% every year 

% every year 

P e 

P 
P 

0.6650 

Price trends 

P > c 

Pl 
~ 

P ~ e 

P /~ p 
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SCENARIO 2 

P /p decreases ny 10 '6 every year P ) c p c 

P1 /Pp decreases 20 % 
PI 
~ .oy every year 

P ~ e 

P / P decreases roy 5 s- every year P / e/ p D 

P 

SCENARIO 3 

P /p decreases ~y 10 % every year P .., 
c P c 

P1 /pp 
decreases .:.;y 20 s-

0 every year PI ~ 

P 
/?f 

P/ P remains constant over the years 
e ./ 

e p 
P / p 

SCENARIO 4 

P /P decreases by 10 % every year P "> c P c 

P1 /pp 
decreases by 20 % 

PI 
.~ every year 

P e > 

decreases by 10 % 
P / P /p every year p 

e p 

SCENARIO 5 

P /p decreases by 10 % every year P ) 
c P c 

P1 /pp 
decreases by 10 0 

-0 every year PI ) 

P 

:/ decreases by 5 c e 
P /p -c every year 

e p P 
P 

. / .. 
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SCENARIO 6 

P /p decreases b lCl s- every year P c p 0 .,. c 

PljPp decreases by .10 % every year Pl » 

P / 
P jp remains constant over the years e 

e p 

/ P 
P 

SCENARIO 7 

P /p c P 
decreases by 10 % every year P ~ c 

Pl/Pp decreases by 10 9-
0 every year Pl 7 

P )-e 

P /p decreases by lO % every year P / e p p 

SCENARIO 8 

P / P I 
C P 

P / p 
e p 

remain constant over the years. 

4.3 .2. FORECASTING RESULTS 

Once the future prices are • TOjected , obtaining forecasts of fuel shares 

is a straight forward prCCE:5s. One needs only to rev.'rite equations 

16 (a-c). Denoting the rigr_-=- hand sides of Eq. 16 a as A, of Eq. 16 b 

as B and of Eq. 16c as C, ~t follows that: 

S = 1 / ( 1 + exp (A) -7 exp (B) + exp (C) 
p 

S = S x exp (A) 
c p 

Sl S x exp (B) 
p 

S = S x exp (C) 
e p 

where S + S + Sl + S = l. 
p C E: 
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The share estimations ar 

S c 

S 
P 

S 
e 

S 
P 

That 

and 

= 

= 

is, 

S = 
c 

Sl = 

S 
e 

exp (A) 

exp (B) 

exp (C) 

S = p 1 / ( 1 + 

S 
S 

c x 
p 

S 
P 

S 
Sl 

x--
P S 

P 

S 
S e x--
p 

S 
P 
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;=.;:. ined by the following procedure. 

~, S1 S c e + ~ + 
.- S S 

P P P 

The forecasting results r.sed on the above sC8lJarios are presented 

in Apperldix L. Table 6 shJws the su:mrn:rry of results, the actual f i -

gllres for 1982 are also presented, for comparison.
12

/ 

. / .. 

~ 

12/ Published data for 1983 was not available at the tim2 of this 

study. 
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Table 6. Summary :c W.2 forecasting results 

1982 actual shaes (%) 

S = 56.08 S = 9.49 Sl 11.84 S = 22.59 
12 c -e 

Market 1986 1990 
------__ ~hare (%) 

S S c: 
Scenario______.. S Sp S Sl S 

P c ~l e c e 

1 50.00 11.37 14.13 24.50 38.37 19.87 18.77 22.99 

2 51.73 9.74 lL: . 00 24.53 44.88 12.38 18.33 24.41 

3 52.17 9.81 l( ~ 23.90 45.96 12.68 18.78 22.58 " ~~ 

4 51.32 9.65 1:5.89 25.14 43.79 12.09 17.88 26.24 

5 52.17 9.81 13.28 24.74 46.47 12.82 15.44 25.27 

6 52.61 9.90 13.39 24.10 47.63 13.14 15.82 23.41 

7 51.75 9.73 13.l7 25.35 45.30 12.50 15.05 27.15 

8 54.01 8.36 12.39 24.74 
I 

I 
52.58 7.59 14.00 25.83 

Considering the results of the alternative scenarios, one might expect that 

different pricing policies woule result in different structure of energy de-

ffi3.nds. That is, relative shares in the energy market are sensitive to relati-

ve fuel prices. Thus, validity 

tions. 

forecasts depends on the accuracy of assurnp-

Scenarios 1, 2 and 8 differ substantially, Scenario 1 assumes reductions of 

considerable arrounts in the prices of 'Coal, lignite and electricity 

(20, 30 and 10 per cent respectively) relative to the petroleum. Scenario 2 

also assumes continuous reductio~s in relative prices but at smaller rates 

(10, 20 and 5 per cent). On the other hand, in scenario 8, it is assumed that 

relative prices will remain constant in the neXt eight years. 

. / .. 
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Although there are wide var. "- jars betweerl these three scenarios, in the 

first four years the shares ·iO not differ v~x much. In 1986, share of 

:petroleum declines .to 50 per cent, 51.73 per cent and 54.01 per cent, in 

scenarios 1, 2 and 8 respectively. 

But when we look at 1990 figures, we see significant variations artDng the . 

scenarios. In scenario 1, petroleum share which is 56.08 

percent in 1982, decreases by 32 per cent (to 38.37 per cent), in scenario 

2, decreases by 20 per cent (to 44.88 per cent), and in scenario 3 decreases 

only by 6 per cent (to 52.58 per cent). 

This fact can be best explaL1J.ed by the long tenn effects of prices. In the 

early years of the forecasting period t effects of t.~e new pric:L"1g policies 

are not evident. In these years, prices of the previous periods are effecti­

ve. But as the new policies are applied ill a consistent mmner, they begin 

to influence the energy market after a few years. 

Results of scenaris 8 indicate that, the rnarket structure will not differ 

significantly unless the current pricing policy change. Petroleum will 

continue to be the dominant energy source by a rnarket share of 52.58 per 

cent. Lbnestic fuels such as lignite and coal will not be preferred 

to iInpJrted petroleum. Of course, such a case is not desirable. 

But when relative prices cha"1ge significantly, as in the case of scenario 1, 

then transitions of consider Ie arrounts from petroleum to the other fuels 

are observed. Petroleum looses 32 per CB"1t of its share (declines from 56.08 

to 38.37 per cent), while coal share increases by 109 per cent (increases 

from 9.49 to 19.87 per cent), and lignite share increases by 59 per cent 

(increases from 11.84 to 18.77 per cent). Electricity share increases only 

by 1 per cent, because it has the highest relative price (0.67) in 1982, 

and the lowest rate of relative price reduction during the :fOrecasting period 

As long as the change rates of relative prices are concerned, there are 

not great differences between scenarios 2 to 7. But oqe can derive many 

implications by comparing the results of these scenarios. 

· / .. 
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In every scenario, relativ "rices decrease at constant rates, but the 

market shares increase at ~~ncreasing rates. ~ This is rrainly due to the 

long-term effect of prices. Reductions in prices influence both the 

derrand of the current year and of the future years. As the relative 

price reductions continue Ln a consistent rranner, their influence on 

the energy derrand becomes greater in the later years of the forecasting 

'\ period. 

'As explained in Section 4.2. ,coal is the nost responsive fuel to 

price changes. Since all scenarios assume that (real) coal price 

will remain constant over ~~e years, it is expected that :coal share 

will increase at the highest rate as the relative price of petroleum 

increases. And, this is prEc:.:isely the pattern that evolves: The share 

of coal is 9.49 per cent in 1980, and it reaches to 12.38, 12.68, 

12.09, 12.82, 13.14 and 12.50 per cent in 1990, in scenarios 2 to 7 

respectively (increasing by 27 - 38 per cent) . 

When there is a continuous decline in the relative price of lignite to 

petroleum, lignite share increases continually, too. This is the result 

of substitution of lignite for petroleum. Although the price elasticity 

of lignite is not as high as the elasticity of coal, 'M2 see transi-

tions of considerablE\ anounts from petroleum to lignite. Lignite share, 

Which is 11.84 per cent in 1982, reaches to approxirratel y 18 per cent in 

1990, when its relative pric'c decreases by 20 per cent. (Scenarios 2, 3 

and 4). It becomes approxinately 15.5 per cent, When its relative price 

decreases by 10 per cent (Scenarios 5, 6 and 7) . 

When lignite price rerrains constant in real terms (Scenarios 5, 6 and 7), 

in addition to transitions from petroleum to lignite and :coal, a 

transition to electricity is also observed. 

. / .. 
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Electricity is the least priCE ::e",~p::msive fueL This fact may be attributed 

to the limited end uses that are available for substitution. In alrrost all 

scenarios, electricity share changes very slightly over the eight years of 

forecasting horizon. In scenarios 3 and 6, electricity price changes at the 

same rate with petroleum. In these cases; in the early years, we observe a 

transition from petroleum to electr~city ariSing from relatively low price 

of electricity. But in the later years, electricity begins to loose its share 

because of the long-term effect of continuously increasing electricity prices. 

Electricity price is mostly effected by the prices of other fuels which are 

used in thermoelectric production. If the share of hydroelectricity in total 

electricity production increas(- . as it is planned by the Turkish Electricity 
-' 

Authority~ relative price of electricity will decline significantly. And, this 

will lead to increasing share of electricity as in the case of scenarios 7 

and 8. 

Scenario 7 is based on the assurrption that, prices of coal, lignite and 

electricity will all decrease by 10 per cent, relative to petroleum. In that 

case, transitions from petrolel.1ITl involve mainly the substitution of _'coal 

for petroleum, secondly of lignite and thirdly of electricity (In eight years, 

coal share increases by 32 p='J cent, lignite share by 27 per cent and 

share by 20 per cent) . 
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V. CONCLUSIONS 

The results of this study bnply that, preference of users among the alter­

native fuels is sensitive to the relative prices of fuels. Observing that 

current period fuel prices are significant variables effecting energy 

demand, one may suggest that prices can be good instrurre,.'1ts in shaping 
" ' 

the structure of the energy rrarket. In Turkey, energy prices are under 

the control of the goverrurent, and applying consistent pricing policies 

may lead to a market structure with desired percentages of shares. 

Influence of the priCing policies becorres rrore ev.ident in the long run, 

because long-run prices are rrore effective in the energy market. That is, 

energy demand rrostly depends on the existing stock of energy-using capi­

tal. Energy using goods have long amortization periods (especially in the 

industrial sector), and changing the stocks involves long investrrent 

periods. Therefore, responses of users to price changes becorre rrore sig­

nificant after a few years of time lag. 

Estimation results indicate that coal demand is rrore sensitive to price 

changes than lignite and electricity. As the price of coal relative 

to petroleum declines, a significant increase in the relative share of 

coal is indicated. That is, degree of substitubility between coal 

and petroleum is the greatero:t anong all fuels. 

Eight alternative scenarios are developed with different sets of assumptions 

The cOITIITDn point of these assurrptions is that, growth rate of petroleum 

price will be the greatest aIIDng the prices of all fuels. The results 

show that forecasts vary depending on the assumptions used. Thus, validity 

of forecasts depends on the accuracy of assumptions. 

Based on these forecasts, major conclusions may be surnrrarized as follows: 

Petroleum demand will continue to decline as long as its relative price 

90ntinues to increase. Assuming that rrost probable scenarios are the second 

to seventh (See: Section 4.3 < 1.), petroleum share will decline from 56 per 

cent to 44-47 per cent in eight years. In 1990, .coal share will be 

12-13 per cent, whereas lignite share is 15-18 per cent 2..i'1d electricity 

share is 23-27 per cent. It may also be possible to reduce the petroleum 

share to 38· per cent as in" the case of scenario 1. 

. / .. 
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But, if the relative prices ~ccn stable over the years as it is assumed 

in scenario 8, the decline i ?C:Toleum share will be very insignificant. 

It will continue to be the dorninant fuel in the ITBrket. Therefore, changing 

the price trends of energy-use seems to be a necessity. 

The objective of the national policy must obviously beto reduce the dependence 

on imported energy (that is, petroleum). In order to shape the energy dem:md, 

a new pricing policy should re developed. Si.rlce the changes in usage patterns 

involve long lead tines, these policies should be applied consistently over 

the years. 

A suitable pricing policy may lead the users to prefer domestic substitutes 

for petroleum (such as .coal and lignite). But, in order to support this 

pricing policy ,difficulties ir; supplying the substitute fuels should also 

be resolved. Consumers should be able to reach the fuel they need, at the 

right place and at the right time. For this reason, production of coal, 

lignite and hydroelectricity should increase so that the increasing demand 

for these fuels can be supplied. 

Results of this study can be used for translating the forecasts of rrarket 

shares to quantities. This requires the total ITBrket demand to be known or 

forecasted. For that purpose, another econometric relationship should be 

established between the total energy demand and the number of relevant 

explanatory factors such as national incorre. Although such an attempt has 

not been made in this study, knowing the forecasts of ITBrket share percen­

tages for each type of fuel arl' '±e forecast of the total energy demand, 

quantity demand for each fuel can be forecasted. Thus, supply policies can 

be developed in order to rreet the forecasted demand. 

Although the results of this study are reliable, it might be possible to 

get rrore accurate results if the da~ were rrore reliable. It has been fairly 

difficult to solve the inconsistencies bet~n the data obtained from several 

official sources. Therefore, establishing an energy data bank becomes a 

necessity for rrore healthy analyses. 

This study has not bee..n done on sectoral basis because Df the lack of secto­

ral energy-use data. It is believed that, a study on disaggregated basis by 

individual sectors (industrial, residential, etc.) may lead to results v.ihich 

reflect the substitution relationships better. Because, degree of substitu­

bility between fuels differs from sector to sector. For exarrple, transition 

between coal and petroleum involved in the industrial sector is not similar 

to that in the transportation sector. 

· / .. 
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It is appropriate to recrnrr' _ further work carried on sectoral basis 

reflecting the behavior of Energy users rrore accurately. Using relative 

costs rather than relative prices may also lead to rrore accurate results. 

In this study it is assumed that energy is available to fulfill demand 

at the stated prices. Therefore it may also be recommended to build a 

supply side into the model, ,and thus conSidering the supply availability 
" ' 

of al temati ve fuels. New al temati ves, as they corre into the picture 

should be included into the m:::x:1el, too. 

Nevertheless, it is felt that the model developed in this study reflects 

the corrpetitive interactions: arrong the alternative fuels very well. And, 

it can be used to forecast :e future consurrption of individual fuels. 

Taking into account both short-run and long-run responses to prices, con­

sidering all fuels simultaneously and paying close attention to the 

estimation technique, the rrodel provides a better understanding of the 

energy market in Turkey. 
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CONVE.RSION FACrORS 

Source: State Planning Organization 

5th 5 year Develucrrent Plan Special~Cornmitte Pre-Report on ~ergy. 
Specific heat Tons of . :coal~ 

1 ton Bituminous coal 

1 ton Lignite 

1 ton Crude-oil 

1 ton Fuel-oil 

1 ton Gasoline, Diesel-o:. 

103 
kwh Electricity 

(hydro, geDterrral or nuclear) 
3 3 10 m Natural gas 

1 ton Firewood 

1 ton Animal and Vegetable 

1 Mwh Solar 

13/ kcal/kwh 
3 

~ kcal/m 

waste 

(kcal/kg) equivalent 

6.100 0.87 

3,000 0.43 

10,500 1.50 

10,185 1.455 

11,340 1.62 

2 50013; , 0.36 

8 90013; , 1.27 

3,000 0.43 

2,300 0.33 

8601]; 0.123 

15; In international standards, specific heat of 'coal is 7000 kcal/kg 
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B. 1. ANNUAL CONSUMPTION DATA 

source: State Planning Organi atio~ 2-5th 5 year Development Plans Special 

Conuni tte Reports on 1 ~d State Institute of Statistics/ 
Statistical Yearbook~ )f 'I'urkey 1958 .:... 1983. 

Coal Lignite Petroleum 16/ Electricity 
Year (1000 tons) (1000 tons) (1000 tons) (1000 k:M1) 

1955 3.500 1.633 1.201 1.347.250 
1956 3.718 2.150 1:274 1.544.838 

'\. 1957 4.011 2.734 1.423 1. 757.039 
1958 4.074 2.895 1.469 1. 961. 540 
1959 3.937 2.718 1.536 2.170.491 
1960 3.898 2.710 1.938 2.395.720 
1961 3.689 2.588 2.126 2.585.364 
1962 3.983 3.337 2.699 3.059.274 
1963 4.229 3.335 2.976 3.406.316 
1964 4.511 4.140 3~650 3.780.695 
1965 4.489 4.381 3.959 4.236.812 
1966 4.842 4.683 4.724 4.727.157 
1967 4.550 4.645 5.446 5.269.226 
1968 4.513 5.343 6.231 5.847.000 
1969 4.798 5.602 7.256 6.515.000 
1970 4.677 5.791 7.661 7.058.000 
1971 4.671 6.414 9.046 8.289.266 
1972 4.630 6.613 10.031 9.527.261 
1973 4.572 7.793 12 .240 10.530.083 
1974 4.965 9.336 12.154 11.358.701 
1975 4.746 10.159 13.950 13.491.661 
1976 4.332 10.908 15.116 16.078.892 
1977 5.057 12.109 17.365 17.945.000 
1978 4.634 13.522 17.114 18.967.600 
1979 4.901 14.085 15.008 19.984.000 
1980 4.556 15.801 15.434 20.968.000 
1981 4.452 16.738 15.282 22.753.100 
1982 4.974 17.657 16.087 24.381.200 

.16/ Crude Oil Equivalent 
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B.2. CONSUMPTION OF . T S IN THERMJELECTRIC PIDDtcrION 

Source: State Institute of Statistics 

Turkish Statistical Yearbooks 1958-1983 

Coal Lignite Petroleum 
Year 

'\ 
(1000 tons) (l000 tons) (1000 tons) 

1955 556 188 36 
1956 607 330 36 
1957 657 544 37 
1958 633 441 39 
1959 619 500 40 
1960 642 570 77 
1961 701 332 84 
1962 905 487 107 
1963 604 506 127 
1964 875 892 122 
1965 844 866 123 
1966 961 1.085 140 
1967 773 862 411 
1968 755 1.026 369 
1969 941 913 615 
1970 986 1.122 787 
1971 978 1.187 1.058 
1972 1.039 1.166 1.248 
1973 1.118 1.490 1.647 
1974 1.130 2.114 1.571 
1975 1.098 2.593 1-.657 

1976 1.069 3.381 1.567 

1977 1.012 3.910 2.142 

1978 1.046 5.019 1.989 

1979 891 6.001 1.457 

1980 731 5.128 1.518 

1981 787 6.932 1.546 

1982 778 7.015 1.678 
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B.3. ANNUAL CONSUMP:: .A'l EXCLUDING THERMJELECTRIC PIDIXJCrrON 

(In terms of original units.) 

Coal Lignite PetrolEUm Electricity 
Year {1000 tons) (1000 tons) (l000 tons) {103 kwh} 

1955 2.944 1.445 1.165 1.347~50 
1956 3.111 1.820 1.238 1.544.838 
1957 3.354 2.190 1.386 1. 757.039 
1958 3.455 2.454 1.430 1.961.540 
1959 3.318 2.218 1.496 2.170.491 
1969 3.256 2.140 1.861 2.395.720 
1961 2.988 2.256 2.042 2.585.364 
1962 3.078 2.850 2.592 3.059.274 
1963 3.625 2.829 2.849 3.406.316 
1964 3.636 3.248 3.528 3.780.695 
1965 3.645 3.515 3.836 4.236.812 
1966 3.881 3.598 4.584 4.727.157 
1967 3.777 3.783 5.035 5.269.226 
1968 3.758 4.317 5.862 5.847.000 
1969 3.857 4.689 6.641 6.515.000 
1970 3.691 4.669 6.874 7.058.000 
1971 3.693 5.227 7.988 8.289.266 
1972 3.591 5.447 8.783 9.527.261 
1973 3.454 6.303 10.593 10.530.083 
1974 3.835 7.222 10.583 11.358.701 
1975 3.648 7.566 12.293 13.491.661 
1976 3.263 7.527 . 13.549 16.078.892 
1977 4.045 8.199 15.223 17.945.000 
1978 3.588 8.503 15.125 18.96.s:-:600 
1979 4.010 8.084 13.551 19.984.000 
1980 3.825 10.673 13.916 20.968.000 
1981 3.665 9.806 13.736 22.753.100 
1982 4.196 10.642 14.409 24.381.200 
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B.4. ANNUAL CONSUMP~ '~~ EXCLUDING 'IHERMJELECTRIC PRODLCTION 

(In tenns of lC kca1. ) 

Year Coal Lignite Petroleum Ele::::tricity Total 
1955 17.958.400 4.335.000 12.232.500 3.368.125 37.894.025 
1956 18.977.100 5.460.000 12.999.000 3.862.095 41.298.195 
1957 20.459.400 6.570.000 14.553.000 4.392.598 45.974.998 
1958 21.075.500 7.362.000 15.015.000 4.903.850 48.356.350 
1959 20.239.800 6.654.000 15.708.000 5.426.228 48.028.028 
1960 19.861.600 6.420.000 19.540.500 5.989.300 51.811.400 
1961 18.226.800 6.768.000 21.441.000 6.463.410 52.899.210 
1962 18.775.800 8.550.000 27.216.000 7.648.185 62.189.985 
1963 22.112.500 8.487.000 29.914.500 8.515.790 69.029.790 
1964 22.l79.600 9.744.000 37.044.000 9.451.738 78.419.338 
1965 22.234.500 10.545.0~ 1 40.278.000 10.592.030 83.649.530 
1966 23.674.100 10.808.3: 48.132.000 11.817 .893 94.432.293 
1967 23.039.700 11.363.3(;] 52.867.500 13.l73.065 100.443.565 
1968 22.923.800 12.984.800 61.551.000 14 .6l7 .500 112.077.100 
1969 23.527.700 14.094.300 69.730.500 16.287.500 123.640.000 
1970 22.515.100 14.053.800 72.177.000 l7.645.000 126.390.900 
1971 22.527.300 15.710.900 83.874.000 20.723.165 142.835.365 
1972 21. 905.100 16.559.400 92.221.500 23.818.153 154.504.153 
1973 21.069.400 19.284.700 111.226.500 26.325.208 177 .905.808 
1974 23.393.500 22.178.200 111.121.500 28.396.753 185.089.953 
1975 22.252.800 23.290.800 129.076.500 33.729.153 208.349.253 
1976 19.904.300 23.156.900 142.264.500 40.197.230 225.522.930 
1977 24.674.500 25.161.200 159.841.500 44.862.500 254.539.700 
1978 21. 886.800 25.895.100 158.812.500 47.419.000 254.013.400 
1979 24.461. 000 24.515.900 142.285.500 49.960.000 241.222.400 
1980 23.332.500 32.744.400 146.118.000 52.420.000 254.614.900 
1981 22.356.500 30.144.700 144.228.000 56.882.750 253.611.950 
1982 25.595.600 31.926.0CJ 151.294.500 60.953.000 269.769.100 
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B • 5. MARKET SHARES 'C .. ,JELS 

Coal Lignite Petroleum Electricity 
Year (%) (%) (%) (%) 

'\ 1955 47.39 11.44 32.28 8.89 
1956 45.95 13.22 31.48 9.35 
1957 44.50 14.29 31.66 9.55 
1958 43.58 15.23 31.05 1Q.14 
1959 42.14 13.85 32.71 11.30 
1960 38.34 12.39 37.71 11.56 
1961. 34.46 12.79 40.53 12.22 
1962 30.19 L) ~ 75 43.76 12.30 
1963 32.03 1 ') () 43.34 12.34 
1964 28.28 I. 47.24 12.05 ' 
1965 26.58 L.61 48.15 12.66 
1966 25.07 11.45 50.97 12.51 
1967 22.94 11.30 52.64 13.12 
1968 20.45 1l.59 54.92 13.04 
1969 19.03 1l.40 56.40 13.17 
1970 17.81 11.12 57.11 13.96 
1971 15.77 11.00 58.72 14.51 
1972 14.17 10.73 59.69 15.41 
1973 11.84 10.84 62.52 14.80 
1974 12.64 11.98 60.04 15.34 
1975 10.68 11.18 61.95~~ 

~ '.- 16.19 
1976 8.83 10.26 63.08 17.83 
1977 9.69 9.88 62.80 17.63 
1978 8.62 10.19 62.52 18.67 
1979 10.14 10.16 58.99 20.71 
1980 9.16 1: ·Sf, 57.39 20.59 
1981 8.82 L ,', 56.90 22.43 
1982 9.49 11.84 56.08 22.59 
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C.l. AVERAGE PRICE COAL AND LIGNITE 

Source: Turkish Coal Enterprises 
Annual Reports 1956-1983 

Coal Lignite 
Year ('IT./Ton) ('IT/Ton) 

1956 39.06 32.47 
1957 39.06 32.47 
195tl 41.41 32.77 
1959 84.64 48.99 
1960 115.70 58.88 
1961 115.70 58.88 
1962 119 -'-7 60.06 
1963 12C 60.06 
1964 121 -- 60.96 ,,0 

1965 121. 56 60.96 
1966 125.21 60.96 
1967 148.75 64.06 
1968 167.05 62.50 
1969 180.05 68.18 
1970 l74.69 65.38 
1971 227.12 89.04 
1972 295.08 115.30 
1973 286.81 116.90 
1974 286.50 104.80 
1975 288.49 104.41 
1976 280.56 98.96 

1977 444.05 119.91 

1978 1244.50 273.90 

1979 l791. -13 478.43 

1980 5681 .. 1134.20 

1981 8070. 4 1857.63 

1982 11669.':J9 2406.24 
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C.2. WEIGHTED AVERA ~.;:uCE OF PETROLEUM 

Source: Turkish Petroleum Works 

Statistics Departrrent 

Year TL/l03 kcal J.J --
1956 0.0280 
1957 0.0280 
1958 0.0320 
1959 0.0387 
1960 0.0471 -j 1 '-. 7:-' 

1961 0.0473 ""j -I C 

1962 0.0473 
1963 0573 
1964 0.0592 
1965 0.0591 
1966 0.0591 
1967 0.0632 
1968 0.0651 
1969 0.0651 
1970 0.0735 
1971 0.0890 
1972 0.0917 
1973 0.0917 
1974 0.1522 
1975 0.1643 L..( ... v .. ~'-; 

1976 0.2643 ~ ........ j ' •• 

/... l ) \ J ~ ...J; _ 

1977 0.2120 
1978 0.3773 
1979 1. 0565 
1980 2.4300 
1981 4.0422 -_.-

1982 5.4722 
- - - - . 

U/ In corrplting the average;:; convesion factors in Appendix 
J . 

A are used. 
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C. 3. AVERAGE PRICE OF ELEcrRICITY 

S01.ITce: State Institute of Statistics 

Turkish Statistical Yearbooks 1958-1983 

Year Kr~/Kwh 

1956 17 .10 
1957 17.70 
1958 17 .60 
1959 23.80 
1960 25.81 
1961 26.41 
1962 27.07 
1963 28.28 
1964 29.08 
1965 29.00 
1966 29.57 
1967 32.36 
1968 34.30 
1969 35.33 
1970 37.98 
1971 42.84 
1972 45.95 
1973 51.25 
1974 63.18 
1975 74.40 
1976 75.00 
1977 89.10 
1978 126.70 
1979 ]76.15 
1980 482.95 
1981 686.37 
1982 909.75 
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C. 4. FUEL PRICES 

(In terms of TL/l03 kcal) 

Year CQa,] Lignite Petrolewn ~lectricity 

" 
1956 0.0064 0.0108 0.0280 0.0684 
1957 0.0064 0.0108 0.0280 0.0708 
1958 0.0068 0.0109 0.0320 0.0704 
19S9 0.0139 0.0163-- 0.0387 0.0952 
1960 0.0190 0.0196 0.0471>' 0.1032 
1961 0.0190 0.0196 0.0473 c,r 0.1056 
1962 0.0195 C D200 0.0473 0.1083 
1969 0.0198 C '''")nn 

' U 0.0573 0.1131 
1964 0.0199 L jL.L' 3 0.0592 0.1163 
1965 0.0199 (i .. 0203 0.0591 0.1160 
1966 0.0205 0.0203 0.0591 0.1183 
1967 0.0244 0.0214 0.0632 0.1294 
1968 0.0274 0.0208 0.0651 0.1372 
1969 0.0295 0.0227 0.0651 0.1413 
1970 0.0286 0.0218 0.0735 0.1519 
1971 0.0372 0.0297 0.0890 0.1714 
1972 0.0484 0.0384 0.0917 0.1838 
1973 0.0470 0.0390 0.0917 0.2050 
1974 0.0470 0.0349 0.1522 0.2527 
1975 0.0473 0.0348 0.1i643:1u 0.2976 
1976 0.0460 0.0330 o .!J.I643jl. 0.3000 
1977 0.0728 0.0400 0.2120 0.3564 
1978 0.2040 0.0913 0.3773 0.5068 
1979 0.2937 C 1595 1.0565 0.7046 
1980 0.9314 ( -'781 2.4300 1.9318 
1981 1.3231 C -,.92 4.0422c:i~ 2.7455 
1982 1.9130 (,8021 5.'1722 -- 3.6390 
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D.l. FIDWCHART OF THE 'IW)-srAGE LEAST SQUARES PRCX;RAM 

Syrn1::o 1 s : 

X Matrix of indeperoent variables 

Y Array of dependent variables 

U Matr~x of residuals 

B Array of parameter estinates 

I • 

S-=u%u 

I srNV ~ SINV~I I 
t 

I , 

B = (2ITxSINVxX) -1 x (lITxSINVxY) 

J 

Read the data 

.A 

Cornp1te E (uu ') =: L. 

Compute the inverse of S 

--,1 
CcrnputefL 

Ccxrpute the transpose of X 

Compute the pararreters 

Print the estination results 
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CALL (\vT([).·,T,·" 12,27.12) 
uo 5u !=1 ,II~ 
uO 57 ~=1.L 
x(T·~,=u. 

<)1 CO'ITlnU[ 
56 LO"TItlU[ 

.j0 42 !=1,1! 
].(1.1'=1. 
XCT.~'=DI'IT(1.~'/DATCI'81 
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APPENDIX E 

THE ORIGIKL..L }I)DEL--ca.1PUIER OUI'Pur 

VARIABLES 

LNSRCP In(Sc/Sp) 

INSRLP = In(S /Sp} 
.L 

LNSREP = In{Se/Sp) 

lNPRCP In(Pcpp) 

LNPRLP = In(?l/?P) 

INPREP = In(PejP'P) 
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APPENDIX F 

STATISI'ICAL ANALYSIS OF THE ORIGINAL MJDEL 

1. Statistical Significance of the Model 

Statistical significance of the regression equations is tested 

through IF test I : 

F(5J22)~=0.05: 2.70 

Equation 3a : ~~ 467.67> . 2.70 

Equation 3b : ~~ 74.07 > 2.70 

Equation 3c ~~ 53.68 > 2.70 

We accept that, equations 3 (a-c) are significant estirrators of 

fuel shares. 

2. Statistical Significance of the Pararreters 

Sitatistical significarce of the pararreters can be tested by 

It test l . 

t%:: f 
standard error off 

r Gl 
t% :: 2.l83/t22 ,0.025 Significant at 97.5 % level 

f C2 
: t% = 0.834> t 22 ,0. 25 " " 75 % " 

fG3 
: t% ::: 1.740/ t 22 ,0. 05 " " 95 % " 

t% -: 1~463> S2,0.005 
.. " 99.5 % " PC4 

fLl 
t~ :: 2.477 >t22 ,0 .025 " " 97.5 % " 

r L2 t% = 1.559/t22 0.01 
.. " 90 % " : 

.. ~L3 
% ,. 

" " -9O S!- " t :: 1.656»t22 ,0.01 o . 
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t'L4 
% 

t = 7.385'>S2,0.005 Significant at 99.5 % 
% " 

1>el t ~ 2.87l-:>t22 ,0.005 

~e2 t% ~ 0.45l~t22,0.40 " 
% 

" le3 t ~ 1.895>S2,O.05 

'f' e4 
% 

" t = 7.945 7t22 ,0.005 

3. Statistical Analysis of the Residuals· 

H
O 

Residuals are serially correlated 

HI : Residuals -are irrlegen::1ent of each other 

11.. . 

2- (ut - u t - 1 ) 
_.% t; 2 

Durbin-Watson: D. W ::--"..----2----
"-

0(-:::0.05 

Equation 3 
a 

Equation ~ 

Equation 3 c 

ut 

n~27 k:4 

D.vf :;2.61):- D.W 
u 

: D.vf -::2.36 > D.W u· 

D.vf~2.33 > D.W 
u 

D.~ ::1.10 

" 99.5 % 

" 60 % 

" 95 % 

" 99.5 % 

D.W ~1. 75 
u 

level 

" 
" 

" 

" 

So, we reject the null hypothesis, arrl conchrle that the residuals 

are in:1eperrlent of each other. 
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APPENDIX H 

'IHE MXlIFIED MJDEL 
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APPENDIX K 

STATISTICAL ANALYSIS OF THE MJDIFIED MJDEL 

1. Coefficient of Determination 

~ z. (\ .. _Y) 2 
R2 =- Total explained variati-on .;:-~t:..::..:1=--____ _ 

Total variation 

Equation 16 : R2 :: 0.99 a 
R2 -:: Equation 16

b 
0.92 

Equaticn 16 R2 = 0.90 
c 

i (Yt:-Y)
2 

t~l 

2. statistical Si9l1!-ficance of the M:XI.e1 

R
2/k ? ~ ---:.,----

(l-R2 )/n-k-1 
where ~ Semple size .:=27, 

R2/2 
~=-~---

(l-R
2

)/24 

k ;; No. of pararreters -:: 2 

Tabled value : F(2.24)q~0.05~ 6.66 

Equation 16 
a 

Equation 16
b 

Equation 16 
c 

~ = 1188.:> 6.66 

~ ~ 138. > 6.66 

f"! ::: 108. /' 6.66 

91. 

We accept that, the equations 16 (a--c) are significant esti."TB.tors 

of fuel shares. 



~ 

3. Statistical Significance of the Parameters 

a) Starrlard error of the estirrate 

b) standard error of the para-:eters: 

S =_s_ am 

s~ 

n.. 
L:.. A 2 
t::l (Yt -Yt ) 

n-k-l 

s S 
~2 ::: ------~l :: r--------

~~ 
Then, S0<2 ~0.075 

S<>(3 ::0.020 

S~2 ~0.054 

Sf3 :::0.066 

~tr 
S"2 ~O .027 

S'(3 ~O .092 

92. 

statistical significan:e of the pararreters can be tested by 

"t test": 
b

l t%:--

2 

:3 
2 

3 

2 

3 

0.225/0.075 ~ 3.000 >t24 ,O.005 Significant at 99.5 % 

0.942/0.020 = 47.100/~4,O.005 " II 99.5 % 

0.067/0.054 =: 1.240 » t 24 ,O.25 " II 75 % 

0.972/0.066 = 14.727»t24 ,O.005 II II 99.5 % 

0.080/0.027 ~ 2.963 /' ~4,0.005 " "99.5 % 

0.859/0.092 ::: 9.337 > ~4,O.005 " "99.5 % 

level 

" 

" 
" 

" 

" 



4. Statistical Analysis of the Residuals 

HO Residuals are serially correlated 

Hl : Residuals are irrleperrlent of each other 

Thrrbin-Watson D.~ 

~ 
t::l 

o(~ 0.05 ~ 27 k~ 2 IWL ~ 1.26 

Equation 16 . D.vr ~ 2.31 :> DW 
a u 

Equation l6
b 

D.vr ~ 1.60 > IW 
u 

Equation 16 D.~ .: 1.98 ;> [W 
c u 

IW ~ 1.56 
u 

So, w= reject the null hypothesis, and conclude that the 

residuals are independent of each other. 

93. 



SCENARIO 1 

Year Pc/Pp 

1983 .29 

1984 .24 

1985 .20 

1986 .17 

1987 .14 

1988 .12 

1989 .10 

1990 .08 

Year Sp 

1983 .5504 

1984 .5370 

1985 .5202 

1986 .5000 

1987 .4765 

1988 .4498 

1989 .4188 

1990 .3837 

APPENDIX L 
FORECASTING RESUL'IS 

PJjPp Pe/Pp 

.1J- .60 

.09 .55 

.07 .50 

.05 .45 

.04 .41 

.03 .38 

.02 .35 

.017 .31 

Sc ~ 

.0947 .1223 

.0978 .1271 

.1042 .1333 

.1137 .1413 

.1274 .1505 

.1451 .1615 

.1680 .1749 

.1987 .1877 

94. 

Se 

.2326 

.2381 

.2423 

.2450 

.2456 

.2436 

.2383 

.• 2299 



95. 

SCENARIO· 2 

Year Pc/Pp Pl/Pp Pe/Pp 

1983 .32 .12 .63 

1984 .29 .10 .60 

1985 .26 .08 .57 

1986 .24 .07 .55 

1987 .22 .06 .52 

1988 .20 .05 .50 

1989 .18 .04 .48 

1990 .17 .03 .45 

Year Sp Sc Sl Se 

1983 .5525 .0929 .1220 .2326 

1984 .5423 .0928 .1268 .2381 

1985 .5303 .0944 .1330 .2423 

1986 .5173 .0974 .1400 .2453 

1987 .5029 .1016 .1482 .2473 

1988 .4868 .1076 .1578 .2478 
. 

1989 .4688 .1154 • 1692 .2466 

1990 .4488 .1238 .1833 .2441 



:::rOo 

SCENARIO 3 

Year Pc/Pp PJ-/Pp Pe/Pp 

1983 .32 .12 .67 

1984 .29 .10 .67 

1985 .26 .08 .67 

1986 .24 .07 .67 

1987 .22 .06 .67 

1988 .20 .05 .67 

1989 .18 .04 .67 

1990 .17 .03 .67 

Year Sp Sc § Se 

1983 0.5530 0.0930 0.1222 0.2318 

1984 0.5439 0.0930 0.1271 0.2360 

1985 0.5332 0.0949 0.1337 0.2382 
~ 

1986 0.5217 0.0981 0.1412 0.2390 

1987 0.5089 0.1029 0.1500 0.2382 

1988 0.4945 0.1093 0.1603 0.2358 

1989 0.4781 0.1177 0.1725 0.2317 

1990 0.4596 0.1268 0.1878 0.2258 



97. 

SCENARIO 4 

Year Eo/PP F}/Pp Pe/Pp 

1983 .32 .12 .60 

1984 .29 .10 .55 

1985 .26 .08 .50 

1986 .24 .07 .45 

1987 .22 .06 .41 

1988 .20 .05 .38 

1989 .18 .04 .35 

1990 .17 .03 .31 

,¥ear Sp Sc SJ. Se 

1983 .5520 10928 .1219 .2333 

1984 .5411 .0925 .1264 .2400 

1985 .5279 .0939 .1323 .2459 

1986 .5132 .0965 .1389 .2514 

1987 .4910 .1004 • i465 .2561 

1988 .4792 .1059 .1553 .2595 
~ 

1989 .4596 .1131 .1659 .2615 

1990 .4379 .1209 .1788 .2624 



98. 

SCENARIO 5 

Year Pc/Pp F1/Pp Pe/Pp 

1983 .32 .13 .63 

1984 .29 .12 .60 

1985 .26 .11 .57 

1986 .24 .10 .55 

1987 .22 .09 .52 

1988 .20 .08 .50 

1989 .18 .075 .48 

1990 .17. .068 .45 

Year Sp Sc Sl Se 

1983 .5528 .0930 .1215 .2327 

1984 .5436 .0929 .1249 .2386 

1985 .5330 .0948 .1286 .2436 

1986 .5217 .0981 .1328 .2474 

1987 .5092 .1029 .1376 .2503 

1988 .4954 .1095 .1429 .2522 

1989 .4806 .ll83 .1484 .2527 

1990 .• 4647 .1282 .1544 .2527 



99. 

SCENARIO 6 

Year PciPP P,1Fp Pe/Pp 

1983 .32 .13 .67 

1984 .29 .12 .67 

1985 .26 .11 .67 

1986 .24 .10 .67 

1987 .22 .09 .67 

1988 .20 .08 .67 

1989 .18 .075 .67 

1990 .17 .068 .67 

Year Sp Sc Sl Se 

1983 .5533 .0931 .1216 .2320 

1984 .5451 .0932 .1252 .2365 

1985 .5360 .0953 .1293 :2394 

1986 .5261 .0990 .1339 .2410 

1987 .5154 .1042 .1392 .24l2 . 

1988 .5034 .1113 .1452 .2401 

1989 .4902 .1207 .1515 .2376 

1990 .4763 .1314 .1582 .234l 



100. 

Sa:NARIO 7 

Year Pc/Pp Pl./Pp Pe/Pp 

1983 .32 .13 .60 

1984 .29 .12 .55 

1985 .26 .11 .50 

1986 .24 .10 .45 

1987 .22 .03 .41 

1988 .20 .08 .38 

1989 .18 .075 .35 

1990 .17 .068 .31 

Year Sp Sc S] Se 

1983 .5523 .0930 .1213 .2334 

1984 .5422 .0927 .1246 .2405 

1985 .5305 .0944 .1280 .2471 

1986 .5175 .0975 .1317 .2535 

1987 .5031 .1017 .1359 .2593 

1988 .4875 .1077 .1407 .2641 

1989 .4708 .1159 .1454 .2679 

1990 .4530 .1250 .1505 .2715 



SCENARIO 8 

Year 

1983-98 

Year 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

PcJ!'p 

.35 

Sp 

.5548 

.5494 

.5445 

.5401 

.5360 

.5323 

.5289 

.5258 

P,/Pp 

.15 

Sc 

.9917 

.0887 

.0860,. 

.0836 

.0815 

.0794 

.0776 

.0759 

Pe/Pp 

.67 

S1 

.1209 

.1235 

.1262 

.1289 

.1316 

.1344 

.1372 

.1400 

101. 

Se 

.2326 

.2384 

.2432 

.2474 

.2509 

.2539 

.2563 

.2583 



102. 
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