
Resource and Energy Economics 43 (2016) 130–152

Contents lists available at ScienceDirect

Resource  and  Energy  Economics

jo urnal homepage: www.elsev ier .com/ locate / ree

Industrial  energy  demand  and  energy
efficiency  –  Evidence  from  Sweden�

Tommy  Lundgrena,1, Per-Olov  Marklunda,b,2,
Shanshan  Zhanga,∗,3

a CERE, Centre for Environmental and Resource Economics, Umeå University and Swedish University of
Agricultural Sciences (SLU), Umeå, Sweden
b CERUM, Centre for Regional Science, Umeå University, Umeå, Sweden

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 27 January 2015
Received in revised form 22 December 2015
Accepted 4 January 2016
Available online 8 January 2016

JEL classification:
D22
D24

a  b  s  t  r  a  c  t

This  paper  estimates  firm  level  energy  demand  and energy  effi-
ciency  for  14  sectors  in  Swedish  manufacturing  using  stochastic
frontier analysis  (SFA).  We  derive  sector  level  energy  demand
frontiers that account  for firm  specific  heterogeneity.  Results
show that  there  is potential  to improve  energy  efficiency
for fuel  and  electricity  use  in  all sectors;  energy  intensity  is
not an  appropriate  proxy  for energy  efficiency;  the EU  ETS
had a  modest  or  no effect  on Swedish  firms’  efficient  use

� The authors gratefully acknowledge financial support from the Swedish Energy Agency, and appreciate useful comments
provided by participants at the 4th Ammarnäs CERE meeting (April, 2013), the 20th Ulvön Environmental Economics Confer-
ence (June, 2013), Workshop on Economics of Energy Efficiency in Reus, Spain (December, 2013), and the 2014 Asia-Pacific
Productivity Conference in Brisbane, Australia (July, 2014). Comments and suggestions from two referees were very helpful.
The  usual disclaimer applies.

∗ Corresponding author. Tel.: +46 090 786 77 94.
E-mail addresses: tommy.lundgren@slu.se (T. Lundgren), pelle.marklund@umu.se (P.-O. Marklund), shanshan.zhang@slu.se

(S. Zhang).
1 Address: Institution för skogsekonomi, 90183, SLU, Umeå, Sweden. Tel.: +46 090 786 69 10.
2 Address: Samhällsvetarhuset Plan 5 SamhällsvetarhusetA 5 46 01, Umeå universitet 901 87 Umeå SE, Sweden. Tel: +46 090

786  66 61.
3 Address: Institution för skogsekonomi, 90183, SLU, Umeå, Sweden. Tel: +46 090 786 77 94.

http://dx.doi.org/10.1016/j.reseneeco.2016.01.003
0928-7655/© 2016 Elsevier B.V. All rights reserved.

dx.doi.org/10.1016/j.reseneeco.2016.01.003
http://www.sciencedirect.com/science/journal/09287655
http://www.elsevier.com/locate/ree
http://crossmark.crossref.org/dialog/?doi=10.1016/j.reseneeco.2016.01.003&domain=pdf
mailto:tommy.lundgren@slu.se
mailto:pelle.marklund@umu.se
mailto:shanshan.zhang@slu.se
dx.doi.org/10.1016/j.reseneeco.2016.01.003


T. Lundgren et al. / Resource and Energy Economics 43 (2016) 130–152 131

L60
Q41

of  energy  during  the  first  trading  phase  and  the  beginning  of the sec-
ond,  indicating  that  the carbon  permit  price  was  too  low  to  generate
the  necessary  incentives  for  energy  efficiency  investments.

©  2016  Elsevier  B.V.  All  rights  reserved.
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1. Introduction

Essential to the European strategy for sustainable growth is the climate/energy target “Triple 20 by
2020”, which focuses partly on an energy efficiency target (EC, 2010). The target is to increase energy
efficiency in EU by 20 percent by 2020 compared to the base year 2008. According to EC (2011, p. 2):
“In many ways, energy efficiency can be seen as Europe’s biggest energy source”.

The main purpose of this study is to evaluate energy efficiency in Swedish manufacturing. An
important question is whether there is a potential to increase efficiency and, therefore, whether there
is a potential to contribute to the EU energy efficiency target. In this context, it is important to reflect
closer upon the concept of energy efficiency and how it can be measured. In academics there is a
widespread consensus about the potential problems of using energy intensity (the ratio of energy use
to output) as a measure of energy efficiency, while in the political arena and public debate, associating
energy intensity to energy efficiency is common practice. However, few studies reflect upon this or give
some empirical evidence on the matter. Therefore, a sub-aim of this study is to investigate whether
energy intensity may  serve as an adequate measure of energy efficiency in Swedish industry.

According to EC (2011, p. 2), increasing energy efficiency technically “[. . .]  means using less energy
inputs while maintaining an equivalent level of economic activity or service,  [. . .]”.4 This could be inter-
preted as energy efficiency being synonymous to energy intensity. That is, for an industry firm this
may, e.g., entail lowering the ratio of energy input to value added produced (Bhattacharyya, 2011, p.
54). But using energy intensity indicators as measures of energy efficiency may  be less suitable as it
requires strong assumptions regarding factors not related to efficiency. For instance, energy inten-
sity will not correctly reflect variation in energy efficiency between countries if, e.g., the fuel mix  and
weather vary between countries (Ang, 2006). For the same reason, energy intensity may  be a bad proxy
for variation in energy efficiency across industries and firms, since energy demand in production may
vary depending on what exactly is produced, restrictions that they are facing, technology, etc.5

In an attempt to overcome some of the problems related to energy intensity as a proxy for energy
efficiency, following Boyd (2005) and Filippini and Hunt (2011) we  utilize the parametric Stochastic
Frontier Analysis (SFA) approach.6 This means that energy efficiency is estimated as efficiency follow-
ing the literature on productive efficiency.7 The concept of energy efficiency is then well grounded in
production theory, providing a solid base for interpretation.

4 Energy saving, or energy conservation, is a broader concept than energy efficiency, as it not only refers to more efficient use
of  energy, but also to reduced use of the level of energy (EC, 2011).

5 Energy efficiency indicators can be defined at different levels of economic activities, see, e.g., Patterson (1996) for a discus-
sion.  Also, Ang (2006) provides a brief review on the development of energy efficiency indicators.

6 The stochastic frontier approach was simultaneously introduced by Aigner et al. (1977) and Meeusen and van den Broeck
(1977).

7 For an introduction to the concept of frontier analysis and efficiency, see e.g., Coelli et al. (2005), Färe and Grosskopf (2003),
or  Kumbhakar and Lovell (2000).
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