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Introduction

According to Saunders (2000), the design of policies that aim to
reduce energy consumption in the industrial sector via taxes
requires knowledge of the Elasticity of Substitution (EoS) between
capital and energy. If it is negative, then policies must encourage
technological diffusion. However, if the elasticity is positive, taxes
could then be used to reduce energy consumption
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Literature Review

@ It was argued that the omission variable bias was related with
substitutability in energy and capital, Berndt and Wood
(1979)

@ Apostolakis (1990) argued that substitutability associated
with long run adjustments in capital-energy (K-E) was related
to the use of panel data settings.

e Frondel and Schmidt (2002) pointed out that none of these
arguments were important. Under certain circumstances, the
elasticities obtained by the Translog Cost Function ended up
being close to the ratio of factor costs and total cost, and
therefore, the (TCF) cannot provide reliable estimates.
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Objectives

To use a panel data setting to estimate three models, computing
EoS capital-energy across industries and also controlling for
technological change by using two kinds of capital. In order to do
s,

o first, the Thomsen's methodology is extended to be applied to
a panel data context developing a new estimation method
applied jointly with the GMM-SYS to deal with the dynamics
of the system.

@ Second, an ECM is estimated by using a Cobb-Douglas
production function;

e Finally, a Translog cost function with three and four factors
was applied to check if the results are robust to an omitted
variable bias (as claimed by Berndt and Wood (1979)).
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Translog cost function ( two steep procedure)

The TCF is a second order approximation of C(p,y, ). When the
expansion point is equal to zero and the derivatives are identified
with B, we have

InC =

Bo + XL 1B;Inpi + 35 Z 1ZJN 1B Inpilnp; + Bt + 2;Bttt2
B,Iny+ §ﬁyy(|n yv)?2yYN, B Inpilny + YN, BiztInpi+ B stlny
Where p, y and t stand for factor prices, output and technology.
The subscripts 7 and j stand for factors.
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on model

This is a two step procedure that follows Fuss(1977). Therefore,
we have the next production function

Y = f(coal, electricity, natural

gas, oil, Ky (buildings), Ky(machinary),

L(labour), M(intermediate M)
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Model

In panel data context

ﬁo = ):hH:I .Bo,,' B; = 27:1 .Bihv ;BE = Z/I;I:l ﬁfh' ‘B?E =
ZhH:I :Bffh' /3}/ = ZhH:I ﬁy,,v

;Byy = 2/7:1 ;Byyh’ :Biy = Z/,;I:I ﬁfyhv Bz = ZII;I:I 5/%,,' lByf =
Y1 B,

where subscripts h stands for industry h
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Panel data

The dataset comprises eight industries with the highest energy
consumption of the United Kingdom (UK) economy from 1970 to
2006. It was obtained from the Economic and Social data Service
and the National Statistics for the UK. The variables comprise the
investment in R&D for energy intensity, the value of output,
factors and its prices.

Elasticities d'eﬁned/g as follows

_ dln iy — J_{_th

Uihpjh dln Pj, siy
— :Bii .
nihp,‘h - Siy + S’h L

Where the subscript , denotes industry 4.
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The Leontief cost function (long run)

C=y [Z,"V:1 ZJN:1 “ij(Pin)OE} + T L (pie) By,
The input-output equations are estimated by the ISUR method

_ N 0.5
2t = iy = Zj 1 & (pjht /p’ht) + T,

Yht
Notice that for panel data

T = Zh 1 T,
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Error co tion model

Elasticities defined as follows

_ 3iy Py 1 %Py /P )"
nihpjh “ap, C T2 aj,

_ =1/2% g e ei(piy /)T
ﬂihpi,, - aj

h
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Sort run Leontief cost function

Following Thomsen (2000), the link between short and long run is
through the price of the demand function of the long run value of
capital.

Moreover, energy demand adjustment in the short run depends on
the investment in capital which will be adjusted fully only in the
long run. Therefore this stickiness implies a dynamic adjustment
cost.
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@ The first order condition is a difference equation that can be
written as follows
AKg,, = l[JAK/—fht + cp(K/-fhH — K,-(hH)
where ¢ = (1 — p; (1 —A2)), ¢ =1 — py and p is assumed
to be the stable root of the difference equation, ¢ is the speed
of adjustment coefficient and A denotes the first difference
operator. Moreover, k denotes different types of capital.
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Error correction model

The system of input-output equations along with the capital
motion equation have to be estimated,

e _ N LR\O.
ﬁ - aiht - 21:1 “U(p./ht/plht )O > + szh
AKRht = IPAKE/” + (‘D(Kli(kht—l o Kkht—1)

The next vectors are proposed

~ AK: AK: AKg,
thr = (alll""aiht""aNHT’ 111"" 1ht""' kHT) )
yi Yht YHT

A>|< * * *

ke = (0,00, ... AT kur !

Yht Y1 Yht YHT

B _ (0,00, S AT KR””*”)’.
Yht i Yht YHT
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Arrellano,Bond and Blundell

To estimate the short run input-ouput equations, the new short
run equation can be written as

R Rine .
’ht 4)h( =t — 1) F’htv_l_efht

Yht Yht
AK}
where F,ht s [X,-ht, Dy, k“] and v = (& T, ,IIJ)/. Notice that
Xi,,is used to stress that the equations referring to the flexible

factors have been modified by substituting out the shadow prices
equation
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Error Correction model

Elasticity of Technical Substitution

dj al
TESj,j, = ajI:JI: = a|2'h
Assuming a Cobb- Douglas production function and that the factors
1,2,.., N are cointegrated an autoregressive distributed lag model,
ARDL(1,1), can be specified as follows
In Epy = Y1 Vit +T2Vht 1) qbln Eht 1)+Ah+§ht,here
Vie =(In1,,,In2,,,In3, .. In(N — 1)pe, InEpe, In yht) and
Y1 = (71, Fin1), T, 00) -
Moreover, expression it can be reparameterized into an ECM
framework as follows
AlnEp =Y1AVy: + th(t—l) + (4) — 1) In Eh(t—l) + Ay + ght
where IT=%; + ¥
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Translog cost function parameters(KLEM)
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Elasticities(KLEM)
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Elasticities KLE
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Parameters Leontief Cost function( Long run)
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Elasticities LCF(Long run)
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Parameters LCF (Short run)
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Parameters LCF (Short run) cont.
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Elasticities LCF (short run)
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Tests for a common unit root
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Individual unit root test
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Pedroni (2004) test for cointegration
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Estimation results from the Error Correction model
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Second unit root test

Null: Unit root (assumes common unit root process)
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Conclusion

@ There is complementarity when using the TCF while when
using the GL, the conclusion was weak substitutability.

@ Substitution between capital and energy is more limited when
capital is invested in machinery than when it is invested in
buildings.

@ Particularly it will be more harmful for the industries of basic
metals, chemical, transport equipment and machinery that are
the ones that show stronger dependence between energy and
capital.

@ A better policy may be to encourage technological diffusion.
Additionally, the GL also provide evidence that there is a
rebound effect since the estimated coefficients are also
positive.
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Further Research

Using data to firm level may help to distinguish even further for
which industries an increase of energy prices can be more harmful;
however, there is still a pending issue about the proper way to
measure the substitution among productive factors and this is an
objective of future research.
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