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HIGHLIGHTS

« The classification of the industrial energy efficiency index has been summarized.
« The factors of energy efficiency and their implement in industries are discussed.
« Four main evaluation methodologies of energy efficiency in industries are concluded.
« Utilization of the methodologies in energy efficiency evaluations are illustrated.
« Related polices and suggestions based on energy efficiency evaluations are provided.
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Model as the modeling tools for power industries and policy-making in worldwide countries. They are the piv-

High energy-consuming industry otal figures to convey the fundamental information in energy systems for improving the performance in
Policy fields such as economy, environment and technology. Second, the six factors that influence the energy
efficiency in industry are discussed. Third, four major evaluation methodologies of energy efficiency
are explained in detail, including stochastic frontier analysis, data envelopment analysis, exergy analysis
and benchmarking comparison. The basic models and the developments of these methodologies are
introduced. The recent utilization of these methodologies in the energy efficiency evaluations are illus-
trated. Some drawbacks of these methodologies are also discussed. Other related methods or influential
indicators for measuring energy efficiency performance have also been presented. Finally, the related
polices and suggestions based on the energy efficiency evaluations are provided.
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1. Introduction

The world is witnessing a major transition from fossil energy to
clean energy during the recent decades. However, fossil fuel in the
form of coal, natural gas and oil are still possesses 80% of the
worldwide energy usage. About half of the electricity generated
is still produced in coal-fired power plants. Increasingly, the gen-
eral public, researches and governments are paying more concern
to energy efficiency, especially in developing countries.

Understanding the actual physical definition of energy effi-
ciency is crucial to develop and apply different methodologies in
worldwide countries. Particularly to the industries, the competi-
tion between firms can be evaluated by some kinds of energy effi-
ciency indicators. The improvement of energy efficiency is a vital
strategy, which is to maximize outputs and to decrease operational
costs. Patterson who is the earlier scholar presented that energy
efficiency is a generic issue and there is no quantitative measure,
and it should be estimated by a series of indicators [1]. In the
aspect of high energy-consuming industries, energy efficiency of
performance tends to the less energy usage for more outputs.
Moreover, the importance of energy efficiency in power industries
is heavily linked to commercial and energy security, as well as to
environmental benefits such as less greenhouse gas (hereinafter
presented as the GHG) emissions. Therefore, the evaluation of
energy efficiency of high energy-consuming industries plays an
important role in different countries. In order to confirm the opti-
mization of power systems, the modeling of energy efficiency
should be implemented constantly and regularly to capture the
pattern trend of energy usage. In recent years, more scholars pro-
posed various quantitative models to solve the comprehensive
problems of energy efficiency. Some of them adopted economic
analysis depending on engineering assumptions, and the bench-
marking influential factors. The others employed different kinds
of methodological models to investigate the overall economic
impact.

All the above mentioned are the reasons why the review paper
pays attention on the methodologies and polices for the measure-
ment of energy efficiency in high energy-consuming industries
with international perspectives. It is necessary to summarize the
recent trends in the energy efficiency research, the latest trends
of methodologies of energy efficiency evaluation, and the classifi-
cation of different approaches. Moreover, it is essential to propose
the further needed and to point out the valuable topics for improv-
ing energy efficiency issues of high-consuming industries. Thus
this paper, as a beneficial complement, is necessary and timely.

The reminder of the paper is structured as below. Section 2
summarizes the classification of energy efficiency in industries,
and the definition of energy efficiency indicators. Section 3 dis-
cusses the major factors, which directly and indirectly affect the
performance of energy efficiency in high energy-consuming indus-
tries. It will contain capital investment, environmental indicators,
structural indicators (including energy consumption of plant-

levels), Gross Domestic Product (hereinafter presented as the
GDP), energy price and labor. Section 4 provides different types
of energy modeling on evaluating the energy efficiency. It describes
how and where these models can be adopted based upon manufac-
turing processes. Section 5 gives related policy and recommenda-
tions. Finally, conclusion is presented in Section 6.

2. Classification and definition of energy efficiency in industry

The objectives of this section involve the definition of bound-
aries for measuring the energy efficiency indicators at plant-level
in industries. It provides different scholars’ opinions with interna-
tional perspectives.

2.1. Definition

The definition of energy efficiency is a complex question. Martin
et al. first defined energy efficiency as that which presents the
amount of human activities, such as manufacturing industry,
transportation and electricity industry, provided per unit of energy
used [2]. For the industrial energy efficiency, it is a quality of a sys-
tem of industrial sectors. Martin et al. primarily pointed out that
industrial sectors can be measured in economic terms or physical
terms, such as market value, weight of products, and number of
outputs [2]. It is related to costs of energy source, technological
efficiency, capital investment and labor, etc. Moreover, the energy
efficiency of economic procedure can’t be easily evaluated pre-
cisely because it is a comprehensive activity. Hence the energy effi-
ciency indicator of industries is a ratio of service output to energy
input defined by Eq. (1)

Useful output of a process
Engery input into a process

(1)

For manufacturing industries, the issue then becomes how to
precisely state the useful output and energy input. A number of
indicators can be adopted to represent changes in energy effi-
ciency. Energy efficiency can be used to evaluate industrial activi-
ties, and energy usage efficiency, especially on a macro-level. It is
harder to estimate the energy efficiency variation with time [3].

2.2. Classification

Energy efficiency indicators can be divided into four main
groups as below.

(1) Thermodynamic indicators. This kind of indicator displays
some sort of second law efficiency, and it depends upon the
sophisticated methods that can be used to estimate actual
energy usage in a producing process [4]. It is the most tradi-
tional method to evaluate energy efficiency through the scien-
tific reaction processes. The first-law energy efficiency has
been early applied in macro-level energy efficiency studies,
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