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CENTRE OF PLANNING AND ECONOMIC RESEARCH 

The Centre of Planning and Economic Research (KEPE) was established as a research unit, 

under the title "Centre of Economic Research", in 1959. Its primary aims were the scientific study 

of the problems of the Greek economy, encouragement of economic research and cooperation with 

other scientific institutions. 

In 1964, the Centre acquired its present name and organizational structure, with the following 

additional objectives: (a) The preparation of short, medium and long-term development plans, 

including plans for regional and territorial development and also public investment plans, in 

accordance with guidelines laid down by the Government, (b) The analysis of current developments 

in the Greek economy along with appropriate short-term and medium-term forecasts; also, the 

formulation of proposals for appropriate stabilization and development measures, (c) The further 

education of young economists, particularly in the fields of planning and economic development. 

The Centre has been and is very active in all of the above fields, and carries out systematic 

basic research in the problems of the Greek economy, formulates draft development plans, analyses 

and forecasts short-term and medium-term developments, grants scholarships for post-graduate 

studies in economics and planning and organizes lectures and seminars. 

In the context of these activities KEPE produces series of publications under the title of 

"Studies" and "Statistical Series" which are the result of research by its staff as well as "Reports" 

which in the majority of cases are the outcome of collective work by working parties set up for the 

elaboration of development programmes. "Discussion Papers" by invited speakers or by KEPE staff 

are also published. 

The Centre is in continuous contact with similar scientific institutions abroad and exchanges 

publications, views and information on current economic topics and methods of economic research, 

thus further contributing to the advancement of the science of economics in the country. 
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DISCUSSION PAPER SERIES 

This series of Discussion Papers is designed to speed up the dissemination of research work 

prepared by the staff of KEPE and by its external collaborators with a view to subsequent publication. 

Timely comment and criticism for its improvement is appreciated. 
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ABSTRACT 

The paper analyzes the cost structure of the electricity generating industry in Greece in 
terms of an econometric cost model. It specifies and estimates a restricted cost function 
representing technological relations in the production and distribution of electricity over the 
period 1970-1990. It investigates substitution possibilities and identifies productivity develop
ments in terms of scale and technological change with a view of deriving policy conclusions 
with regard to the future of Public Power Corporation. 
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1. INTRODUCTION 

Technological and economic developments in the electricity industry have long been the 
subject of intense empirical research. Apart from the obvious importance of the electricity 
sector, due to it's interrelationship with virtually all types of economic activity, a number of 
other reasons account for this interest. In particular, the role of the industry in economy 
wide productivity developments and the attention given to the electricity sector in recent 
attempts to restructure public utilities through privatisation programs world-wide. 

Econometric characterization of the production structure of electric power industries 
provides an appropriate methodological framework for the investigation of questions relating 
to the above issues by means of quantitative estimates of specific technical and economic 
effects of interest. The paper attempts to provide an econometric characterization of the cost 
structure of the Greek Public Power Corporation with a view of investigating the nature of 
substitution possibilities, scale economies, technical change and in effect productivity devel
opments. These issues are examined within a non-static production framework allowing for a 
distinction between short and long-run effects. 

The paper is organised as follows: A description of the methodological framework is 
given in section (2). In section (3) an econometric model for the case of PPC is specified and 
estimated and section (4) contains the main conclusions of the analysis. 
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2. METHODOLOGICAL FRAMEWORK 

Empirical investigations of substitution possibilities as well as measures of total factor 
productivity have long been based on a parametric framework that assumes instantaneous 
adjustment of all inputs to changes in their prices and in the level of output demand. Under 
this assumption firms always use both technically and economically efficient input combina
tions. Such a framework ignores the importance of short-run fixity of certain inputs and in 
effect makes no distinction between short and long-run equilibrium. This distinction is 
however a very important one particularly in industries employing substantial quantities of 
specialized capital equipment and subject to large external shocks. Under such conditions cost 
structure can be best analysed within a short-run equilibrium framework which takes into 
account short-run rigidities but at the same time allows derivation of long-run comparative 
static results thereby resulting in appropriate measures of scale effects and productivity 
changes. 

The Greek PPC is a case in point of a firm operating within a restricted framework 
not only as a result of the technical and economic conditions of production but also as a 
result of government control. The latter does not take the usual form of rate of return regu
lation but rather a direct supervision of employment and investment policies. Although it is 
possible to relate this involvement to some sort of inefficiency, given a tradition in least cost 
investment planning, one can treat government control as a further form of short-run con
strains. In what follows we investigate the empirical importance of such constraints in both 
capital and labour inputs. 

2.1. The Restricted Cost Model 

By duality theory the restricted or variable cost function [Samuelson (1953-54), Lau 
(1976-1978) and McFadden (1978)] represents the technology of the production unit when 
certain inputs are fixed in the short-run. 

VC -(/»<; Xf,Q. Ο where i-Ι...Μ a n d f = M+l...N ( 1 ) 

VC stands for the variable cost, Q for the output level, Ρ and X are price and quantity 
vectors respectively, Ν is the total number of inputs, t is a time trend representing technical 
change and finally subscripts, i and f denote variable and fixed inputs respectively. 

Using Shephard's lemma demand function for variable inputs can be obtained by dif
ferentiating (1) with respect to the prices of the variable inputs. Equivalently share functions 
are derived by logarithmic differentiation. 

s< - T Ü W ' • 1 - m (2) 

Given a parametric model for the variable cost function estimates of the production 
parameters can be obtained by simultaneous estimation of share functions for variable inputs 
together with the variable cost function. Short-run elasticities among variable inputs are 
thereby readily obtained. 

The long-run characteristics of the technology can also be inferred from an estimated 
variable cost function. Define long-run as the state in which the firm minimizes total cost of 
production (TQ. 
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TC = VC(P,; Χ) ,Q,t) + X)Pf (3) 

where X* denotes the optimal levels of fixed inputs. 

The link between equations (1) and (3) is Samuelson's envelope theorem according to 
which the derivative of the variable cost function with respect to the quantity of a fixed 
input, in long-run equilibrium, equals the negative of it's rental price. 

-±—i-h(Pr,Xf.Q)--Pf (4) 
Ο Λ ι 

Therefore optimal levels of fixed inputs can be obtained by solving (4) for X*. 

Substituting back into the variable cost function one can obtain long-run elasticities by 
appropriate differentiation. 

It should be mentioned at this point that for many interesting parametric production 
models closed form analytic solutions for X* cannot be obtained and as a result optimal levels 
of fixed inputs have to be derived by means of numerical analysis and in effect long-run 
elasticities are obtained by implicit differentiation of the equilibrium condition (4). 

2.2. Dynamic Structure 

Since equilibrium condition (4) holds only in the long-run, that is when fixed inputs 
adjust to their optimal levels, it follows that share functions for fixed inputs cannot be esti
mated with observed data. Such an estimation would embodied full static equilibrium as a 
maintained hypothesis. This observation forms the basis of a Hausman type of specification 
test proposed by Schankerman and Nadiri (1986), to assess the overall adequacy of a static 
equilibrium assumption. 

Let the variable cost function the system of share equations for variable inputs and the 
system of share equations for fixed inputs be defined as 

lnCK = F , ( l n Q , l n / ,
l , l n J f / , i ; ß , ) + e1 (5) 

S, = f 2 ( lnQ. ΙηΡ,,ΙηΛ',,ί ;ß 2 ) + e2 (6) 

S / - J F 3 ( l n Q , l n / > ( , l n J / , i ; ß 3 ) + e3 (7) 

The system (5) - (7) is properly specified only under full static equilibrium assumption. 
The system (5) - (6), however, is properly specified under either short-run equilibrium or 
static equilibrium assumptions. Since the parameter vectors in the systems of equations 
defined in (6) and (7) are both subsets of the parameter vector in (5), the static equilibrium 
model can be thought of as a restricted version of the variable cost model. In other words 
estimation under static equilibrium imposes restrictions on that subset of the entire parameter 
vector that appears only in (5) and (7). 

To test the null hypothesis of static equilibrium, against the more general alternative 
we estimate both systems and use the statistic 

M = r ( ß - ß ) ' I / - ' ( ß - ß ) (8) 
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where β is the estimator of β obtained from model (5)-(6), which is consistent under both 
( H 0 ) a n d (Hi ) The estimator of β obtained from model (5)-(7), defined by β, is asymptoti
cally efficient under (H0), that is under the restrictions imposed by static equilibrium but is 
inconsistent under (H0y Finally V is the difference between the variance matrix of estimated 
coefficients under the unrestricted and restricted models respectively. M is approximately 
distributed as X2 with q degrees of freedom, q being the number of restrictions embedded in 
the restricted model, that is the number of parameters common in (5) and (7). 

The above test can form the basis for the selection of the appropriate cost model. It 
can be used to identify which inputs are variable and which are fixed in a particular produc
tion context. Rejection of the null hypothesis for one or more inputs implies that a static 
equilibrium framework cannot be employed as a basis for estimation of cost parameters. 

2.3. Productivity Analysis 

Total factor productivity (TFP) is defined as the residual growth rate of output not 
explained by the growth rate of inputs or as the residual growth rate of average cost not 
explained by the growth rate in input prices. In terms of productivity indices, 

Ν 

TFP/TFP^Q/Q-Y^S^nXJX, (9) 
i = 1 

where S, stands for the share of the it h input in total cost. The above formulation is the one 
most commonly used since the aggregate measure of inputs is represented by a divisia index. 

Calculation of TFP indices is, under linearly homogeneous technology, equivalent to a 
parametric procedure involving econometric estimation of a static equilibrium cost function. 
In the latter case the estimated cost function is partially differentiated with respect to time 

and productivity growth is represented by - jp Allowing for non-constant returns to scale it 

can be shown [ Ohta (1974)] that the rate of change in total factor productivity is given by 
the product of the rate of technical change and the reciprocal of scale elasticity. In more 
realistic circumstances, however, when instantaneous adjustment of all inputs is not main
tained, derivation of productivity relations requires the use of a more appropriate set-up. 
The restricted cost function approach offers the necessary framework. 

Let us rewrite the TFP index defined in equation (2.7) allowing for a distinction 
between variable and quasi-fixed inputs as 

TFP Q 4-6\Y„ „4·, 'Χ, ί ' 

where shares relate to total cost of production. 

Let the long-run cost be represented by the shadow cost function which describes the 
total cost that would be incurred if prices of quasi-fixed inputs adjusted so that observed 
levels coincided with optimal levels. 

m Ν 

SC = Y^P,X^J^P'fXf = VC(iPt;Xf,Q,t) * X f Ρ) (11) 
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where Ρ) stand for the levels of prices of quasi-fixed inputs that would have resulted in 

observes quantities being optimal. 

Define technical change (A / A) as the rate at which the long-run cost function shifts. 

A/ A = -(dSC/dt)/ SC (12) 

To obtain an expression for (A/A) we expand the total derivative of shadow cost 

function with respect to time and divide through by SC . 

SC _ 1 
SC~ SC 

dSC dSCdQ ydSCdPv ydSCdPf ydSCdXf 

dt dQ dt V dP„ dt ydPf dt <γ dX, dt 

Using Shepard's lemma and the long-run equilibrium condition we get 

(13) 

S£__A dlnSCQ v o . P , , y 0 ./ > / 

SC A dlnQ Q V ' Ρ, γ 'ρ 

where S " denotes share in the shadow cost. 

Similarly from (2.9) we can also get 

£-Is.V-Es;-i (i4) 

ou , r, , Λ( f f f f Λ f 

Setting (2.12) and (2.13) equal to each other we get an expression for the rate of 
technical change. 

A _ d InSC Q v o . Xv v o . X 
A~~~dl 

iSC Q v- ,XV v- ,Xf 

Subtracting (10) from both sides of (16) we get a relation between productivity growth, 
as measured by TFP index, technical change, economies of scale and subequilibrium. 

A fdlnSC \Ó r , X( ν- Xf 
r „ / T „ _ _ _ ^ _ _ - 1 j ï + Ç ( S l . S l ) _ + Ç ( S / - S , ) j i (17) 

If the assumption of full static equilibrium is imposed (17) collapses to (10) and with 
the further imposition of constant returns to scale it reduces to (9) in which case the TFP 
index reflects technical change effects. If, however, some markets are not in long-run equi
librium (10) is not an appropriate measure of cost diminution resulting from the state of 
technology. 
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3. EMPIRICAL APPLICATION 

3.1. The Econometric Model 

Assume that the company has a well-behaved variable cost function, relating short-run 
cost to the level of output Q the quantity of a quasi-fixed input, namely capital, K, the 
prices of four variable inputs namely labour, L, solid fuels, El, liquid fuels, E2, imported 
electricity, E3, and to a time trend, £, standing for the state of technology. 

Let the variable cost function be represented by a non homothetic, translog model of 
the form 

lnCl/ = a 0 + a Q l n Q + - a Q Q ( l n Q ) 2 + a r r + - a r T ( T ) 2 + a ( ? r l n Q 7 + 

tn ι m ITI τη πι 
+ Σ$ΜΡι -Σ Iß iyln/Vn/vZß<?< lnQ ln^+Ißn7"ln/V 

ι = 1 ^ ι= 1 / = 1 ι = 1 ι = 1 

yK\nK + -yKKr\nKY + yQKlnQ\nK + yTKT\nK+^ylK\nK\nPl (18) 
<£ , = ι 

The variable cost function is consistent with the theory only if a set of regularity 
conditions are satisfied. In particular equation (18) should be: Non-decreasing in output and 
variable input prices, non-increasing in the quantity of fixed input, homogeneous of degree 
one in variable input prices and satisfy symmetry and adding-up conditions. 

The above specification implies no restriction with regard to the type of technical 
change assumed. Indeed strictly neutral technical change may be investigated as a testable 
hypothesis. 

By Shephard's lemma we get 

m 

S, = ß,+ Xß„.lnP / + ßgilnQ + ßTl7-+ γ,,ΙηΚ (19) 
/-ι 

By the long-run equilibrium condition the negative of the share of fixed input in vari
able cost is given by 

- $ κ ' Υ* + Υκ*»ηΚ -Η Χ yKllnP, + yQKlnQ+ yTKT (20) 

The following cost minimizing restrictions are imposed on the parameter vector. 

m m m m 

X ß i = l , X ß „ = ;Tßy) = XßQi = 0 homogeneity 
l I I I 

ß ( / = ß y ( , symmetry ( 21 ) 
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The model consisting of the variable cost function (18) and the system of share 
demand equations for variable inputs (19) subject to the constraints (21) is the basis fo 
subsequent estimation. We append an additive disturbance to each of the equations which 
stands for optimization and measurement error and which is assumed to be normally distrib
uted. 

Since the cost shares of the four equations in (19) always sum to unity, the sum of the 
disturbances across equations is zero at each observation. This implies that the disturbance 
covariance matrix is singular and non diagonal. Omitting any one of the equations and then 
regarding the remaining as a multivariate regression model, solves the problem satisfying at 
the same time the homogeneity restrictions. Symmetry can be imposed using Zellner's itera
tive procedure. 

3.2. Sources of Data 

Information referring to all necessary data over the period 1970-1991 was kindly pro
vided by various departments of the corporation. The model focuses on production, trans
mission and distribution of electricity therefore cost as well as input quantities and prices are 
defined so as to exclude production of lignite. 

The value of output was calculated as a quantity divisia index of low, medium and 
high voltage electricity with respective shares in total marginal costs used as weights. Capital 
stock was constructed on the basis of information on the net value of fixed assets put in 
operation each year. Current prices were deflated by the investment deflator for machinery. 
Two different estimates of real capital stock were used as starting points for the calculations 
and checked against each other. First an estimate for 1970^ and secondly an estimate for 
1992 obtained by the PPC. User cost of capital was derived as Pk• = Pv,(à + r ) were Pv repre
sents an investment price index, 6 the depreciation rate and r a weighted average of interest 
rate on borrowed funds and rate of return on own capital. 

A quantity index for the labour input was constructed on the basis "full time employee 
equivalent" to take into account number of employees as well as overtime work. Labour input 
price, accounting for all types of benefits and national insurance contributions, was calcu
lated accordingly. 

Prices of imported electricity and liquid fuels were calculated as ex-post average prices. 
For the case of liquid fuels a divisia price index was constructed from information on heavy 
and light fuel oil respectively. Finally the price of lignite derived from PPC's data was 
adjusted to take account short and long-run cost elements. 

3.3. Empirical Results 

Before proceeding in reporting estimated parameters we perform a set of tests for 
homotheticity, scale and technical change. In our translog model defined by eq. (18), the 
underlying production structure is homothetic if 

Pc, + Y« = 0 · a l l « ( 2 2 ) 

and it is linear homogeneous if, in addition, the following constraints also hold. 

aQ + γ λ. - 1 , aQQ + yQK = 0, a T Q + yTK = 0 . ( 2 3 ) 

1. Skountzos and Mattheos (Centre of Planning and Economic Research, 1992). 
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N.T.Ch. 

Homoth. 

C.R.S. 

4 

4 

9 

16.2 

16.5 

24.2 

The above linear restrictions can be easily tested by means of the likelihood ratio test. 
As shown in Table 1 our data give support to a non-homothetic type of technology since 
both sets of restrictions are rejected. The assumption of Hicks neutral technical change 
β Τ ί = Ο all i , yTK = o is also rejected. 

TABLE 1 

Test of Technical Change, Homotheticity and Scale 

Restr. D.F Computed X 2 Critical X 2 05 Critical X 2 .01 

9.5 13.3 

9.5 13.3 

16.9 23.2 

It follows from the above results that cost function (18) involves an appropriate 
parameterization of technology. Estimates of the parameters are reported in Table 2. 

TABLE 2 

Estimated Parameters a>b 

α 24.0 ß f l .159 ß f 2 f 2 .19 yK -15.4 
(7.9) 

Ίκκ 4.01 
(.65) 

•QQ 

24.0 
(11.6) 

13.0 
(6.96) 

1.96 
(.98) 

1.21 
(-68) 

.008 
(.005) 

-.06 
.014 

3.41 
(.94) 

ß f l 

&« 

ß i f l 

ß i f 2 

P f If 2 

ß ü 

Pf if ι 

.159 
(.08) 

-3.55 
(1.18) 

-.036 
(-012) 

-.103 
(.013) 

-.083 
COI) 

.14 
(.018) 

.13 
(.01) 

ß f 2f 2 

ßQi 

ßcf 1 

ß(?f 2 

ßn 

ß r f i 

ß 7 f 2 

.19 
(.02) 

-.19 
(.08) 

-.11 
(.07) 

.51 
(-11) 

.006 
(.004) 

.016 
(.005) 

-.029 
(.006) 

VQK -2.88 
(1.15) 

a 7 1.21 ß i f 2 -.103 ßQf2 .51 γ™ -.06 
(.027) 

VLK -.09 
(.055) 

<*QT -.06 ß £ i .14 ß 7 f l .016 Y f l Ä .102 
(.067) 

Yf2* -.09 
(-06) 

a. With cost minimizing restrictions imposed. 
b. Estimated standard errors are in parentheses. 
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The performance of the model is satisfactory since most estimated coefficients in Table 
2 are significant at the 5 % level. 

In order to investigate the nature of equilibrium we first test the assumption that all 
inputs are variable against the alternative of quasi-fixed capital. As shown in Table 3 the 
null hypothesis is rejected at both significance levels. The assumption that labour is variable 
in the short-run, is tested under the maintained hypothesis of fixed capital. As the results in 
table 3 indicate there is limited support for the treatment of labour as a variable input since 
the assumption is accepted at the 1 % level. 

TABLE 3 

Test of Static Equilibrium 

Fixed factor q M Critical X^.05 Critical X^.oi 

Capital 7 56~2 R l Ü 1 
Labour 7 18.2 14.1 18.5 

The above tests provide strong support for the short-run model as the appropriate 
description of technological possibilities over the sample period. 

Short-run elasticities for variable inputs can be obtained from estimated variable cost 
share functions. 

Elasticities of substitution as well as demand elasticities are derived in terms of deriva
tives of the variable cost function. In particular own and cross price elasticities of factor 
demand can be computed as follows 

β,, + S? -S, 
e" = s. 

_ ß i y + S , S y 

Allen-Uzawa partial elasticities of substitution are given by 

ß„ 

(24) 

S,S, 
+ 1 for ι Φ j (25) 

The process of obtaining long-run elasticities is more complicated. It requires optimal 
levels of quasi fixed inputs as well as first order derivatives of quasi-fixed inputs with 
respect to prices . In the present case of the translog model, the long-run equilibrium condi
tion cannot be solved analytically for X). However optimal levels of capital can be obtained 
by numerical techniques. Here a Newton algorithm was used. 

The procedure followed here for the computation of long-run elasticities is described 
in Brown and Christensen (1981). Long-run Allen-Uzawa elasticities of substitution (LAUES) 
are defined by 
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a .- (26) 
" ÒTC/ÒP, dTC/dPj dP,dPj 

where TC is the long-run cost function. Evaluation of (26) gives the following expressions: 

, TC 
°" = VC 0,i (VKK

 + S2
K-SK-SK)StSj 

°iK VC 

ylK+S,SK 

(yKK + Sl-SK)St 

(27) 

(28) 

where the variable cost function and the capital share are evaluated for optimal levels of 
capital input. 

Having computed the long-run Allen-Uzawa elasticities of substitution, own price 
elasticities may then be computed by multiplying by the input shares in total cost estimated 
at the optimal levels of quasi-fixed inputs. 

Table 4 reports estimated elasticities of substitution computed at the mean values of 
shares. 

TABLE 4 

Estimated Allen Uzawa Elasticities of Substitution 

Short run Long run 

PLE1 PE2 PEI PE2 PK 

L 0.58 0.28 2.33 -0.78 1.3 
El -0.21 -2.48 0.8 
E2 -0.95 

The results indicate very limited substitution possibilities in the short-run. The long-
run estimates show strong substitutability between capital and labour. The two types of 
energy input appear to be complements in production whereas the energy capital relation 
varies with the type of fuel. Capital and lignite are substitutes but capital and oil are com
plements. 

Table 5 reports estimated demand elasticities computed at the mean values of shares. 

Estimated own price elasticities are negative, as expected for all inputs. Short-run 
effects are rather insignificant but in the long-run elasticities assume higher values. Demand 
for labour is very sensitive to changes in it's own price. Responses to the price of capital are 
also rather significant. Demand for fuels is however very inelastic to changes in prices. 
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TABLE 5 

Estimated Own and Cross Price Elasticities 

L 

El 

E2 

Κ 

PL 

-0.24 

0.12 

0.10 

Short run 

PLE1 

0.26 

-0.14 

-0.06 

PE2 

0.13 

-0.71 

-0.08 

PL 

-3.50 

0.40 

-0.13 

0.22 

Long run 

PEI 

0.19 

-0.18 

-0.20 

0.06 

PE2 

-0.10 

-0.33 

-0.24 

-0.13 

PK 

0.78 

0.48 

-0.57 

-0.45 

TABLE 6 

Level Indices of Total Factor Productivity 1970=1 

TFP A T C ASC 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

1.000 
1.080 
1.128 
1.231 
1.135 
1.121 
1.148 
1.228 
1.237 
1.199 
1.088 
1.136 
1.051 
0.989 
0.963 
1.039 
0.980 
1.014 
1.081 
1.090 
1.098 

1.000 
1.071 
1.108 
1.198 
1.135 
1.123 
1.121 
1.188 
1.208 
1.180 
1.100 
1.118 
1.101 
1.052 
1.044 
1.055 
1.012 
1.036 
1.080 
1.085 
1.110 

1.000 
1.062 
1.105 
1.188 
1.112 
1.115 
1.123 
1.175 
1.193 
1.183 
1.052 
1.025 
1.108 
1.047 
1.033 
1.048 
1.022 
1.129 
1.071 
1.075 
1.086 

Turning now to the question of productivity measurement in what follows we calculate 
both standard (TFP) indices and the technical change measure defined in equation (16). In 
addition, the latter is calculated with shares in total cost, instead of shadow cost to give a 
measure of the importance of disequilibrium. Table 6 contains levels of productivity indices 
and Table 7 average growth rates. 
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TABLE 7 

Average Total Factor Productivity Growth 

1970-75 

1976-80 

1980-85 

1986-90 

TFP 

0.026 

-0.006 

-0.009 

0.011 

ATC 

0.023 

-0.005 

-0.0082 

0.0103 

ASC 

0.022 

-0.002 

-0.001 

0.007 

The results show that TFP indices overestimate the effects of technical change. When 
scale economies and subequilibrium are taken into account the productivity residual is 
smaller. Scale economies are present throughout but they vary, taking the higher value 
(n=1.2) in the period 1976-1980 and approaching unity at the end of the period. 
Andrikopoulos and Vlachou (1993) report higher scale elasticity (n=2.9), but their results are 
based on a simultaneous adjustment model in which the assumption of weak separability of 
energy inputs is imposed. 
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4. CONCLUSIONS 

The paper has attempted to investigate a number of issues relating to the cost structure 
of Greek electricity industry. The main results of the analysis can be summarised as follows. 

Static equilibrium models do not offer the appropriate econometric set-up for estimat
ing production parameters in this case. The capital input is fixed in the short-run and there 
is tentative evidence short-run rigidities in the labour market as well. 

In the long-run capital and labour are highly substitutable but interfuel substitution as 
well as capital energy substitution are very limited. There is some evidence of labour energy 
substitution. 

Scale economies are present but diminishing and the company appears to approach a 
state of constant returns to scale. Over the entire period, the average rate of technical change 
was 0.004. 

Considering the future of PPC the above empirical findings indicate to a number of 
directions. First organization and decision making should be directed towards increasing 
short-run flexibility and speeding of the adjustment mechanisms. Further productivity gains 
are not likely to be obtained from the mere increase of the scale of production. Such gains 
should rather be pursued through methods that improve input quality and restrict ineffic
iencies. Finally one should also point out that the above analysis cannot in itself be used to 
derive conclusions regarding the impact of the ownership status. To address this type of 
question one should compare the company's performance to the performance of other com
panies employing the same technology and operating in a similar environment. 
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