
Decision making in renewable energy investments: A review

Eleni Strantzali n, Konstantinos Aravossis
Sector of Industrial Management and Operational Research, School of Mechanical Engineering, National Technical University of Athens, Iroon Polytechniou 9,
15780 Athens, Greece

a r t i c l e i n f o

Article history:
Received 9 December 2014
Received in revised form
9 July 2015
Accepted 12 November 2015

Keywords:
Renewable Energy Sources (RES)
Decision Support Systems (DSS)
Energy Planning
LCA
CBA
MCDA

a b s t r a c t

One of the problems facing researchers in the application of renewable energy systems is that the
evaluation of the sustainability is extremely perplex. Decision making in energy projects requires con-
sideration of technical, economic, environmental and social impacts and is often complicated. This paper
presents a review of the current state of the art in decision support methods applied to renewable and
sustainable energy throughout the literature in the field of energy planning. The selected papers were
classified by their year of publication, decision making technique, energy type, the criteria used, geo-
graphic distribution and the application areas.
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1. Introduction

Energy is central to achieving the interrelated goals of modern
societies: to meet human needs for heating, cooling, lighting,
mobility and for running a large diversity of appliances, as well as

to supply power and heat to production systems. Until the out-
break of the energy crisis, meeting these needs was a routine
problem whose solution was principally a matter of money and
technology availability. At these times, per capita energy con-
sumption was a safe index of a nation's prosperity, while energy
planning was aiming at supplying the energy required at the right
time and in the least costly way [1]. The energy system has been
the subject of substantial discussion over the course of the last 40

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/rser

Renewable and Sustainable Energy Reviews

http://dx.doi.org/10.1016/j.rser.2015.11.021
1364-0321/& 2015 Elsevier Ltd. All rights reserved.

n Corresponding author.
E-mail address: lenast@central.ntua.gr (E. Strantzali).

Renewable and Sustainable Energy Reviews 55 (2016) 885–898

www.sciencedirect.com/science/journal/13640321
www.elsevier.com/locate/rser
http://dx.doi.org/10.1016/j.rser.2015.11.021
http://dx.doi.org/10.1016/j.rser.2015.11.021
http://dx.doi.org/10.1016/j.rser.2015.11.021
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.11.021&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.11.021&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2015.11.021&domain=pdf
mailto:lenast@central.ntua.gr
http://dx.doi.org/10.1016/j.rser.2015.11.021


years or so, but each time the discussion intensified, it was for a
different reason. First, there was an oil crisis and everyone was
concerned about energy security, “peak oil” and high oil prices,
later the focus shifted toward climate change, with the energy
system being the largest contributor of anthropogenic GHG
emissions. Various alternatives have been considered: renewable
energy, so called carbon capture and storage, energy demand
reduction. Experiments with reality are usually very costly and
could lead to undesired consequences. It is for this reason that
mathematical models have been employed to help understand the
functioning of the energy system, make justified decisions about
its development and choosing the best technologies for combi-
nation in a particular region, or design a strategy for CO2 emissions
reduction of 80% over the course of the following 40 years [2].

As mentioned in Huang et al. [3], decision analysis (DA) was
first applied to study problems in oil and gas exploration in the
1960s and its application was subsequently extended from
industry to the public sector. During the 1970s, energy planning
efforts were directed primarily towards energy models aimed at
exploring the energy-economy relationships established in the
energy sector. The main objectives followed were to accurately
estimate future energy demand. A single criteria approach aimed
at identifying the most efficient supply options at a low cost was
popular [4,5]. In the 1980s, growing environmental awareness has
slightly modified the above decision framework [6]. The need to
incorporate environmental and social considerations in energy
planning resulted in the increasing use of multicriteria approaches
[7]. The 1991 study by Corner and Kirkwood [8] lists 86 DA studies
that appeared in operations research and related journals from
1970 to 1989. They found that DA was very suitable to address
strategic or policy decisions full of uncertainties and multiple
conflicting criteria. In a more recent study, Keefer et al. [9] sur-
veyed 85 articles appearing in 1990–2001 and found that the use
of DA for strategic and tactical decisions was growing [10].

Given that the energy sector and energy planning in particular
affects the interests and resources of multiple actors, it is socially
not acceptable to suggest (or even implement) a policy alternative
without taking into account the interests and preferences of the
(multiple) affected factors [11]. Different and numerous groups of
actors get involved in the process, each group brings along dif-
ferent criteria and point of view, which must be resolved within a
framework of understanding and mutual compromise (conces-
sions) [12]. The actors include those groups of individuals, insti-
tutions and administration authorities such as local authorities
and communities, potential investors, academic institutions,
environmental groups, governments that through their priorities
and evaluation systems, have interests at stake and directly or
indirectly influence the decision-making process [13].

Sustainable development means the satisfaction of present
needs without compromising the ability of future generations to
meet their own needs [14]. A sustainable energy sector has a
balance of energy production and consumption and has, no, or
minimal, negative impact on the environment (within the envir-
onmental tolerance limits), but gives the opportunity to a country
to employ its social and economic activities [15].

The exploitation of renewable energy sources (RES) has gained
a vast interest during the last years. Renewable energy (RE) is the
energy generated from natural resources such as sunlight, wind,
rain, biomass, tides and geothermal heat. RES have to overcome
environmental, socio-economic, technical and institutional bar-
riers. The complex issues of renewables render the choice between
different exploitation proposals a complicated task.

1.1. A brief overview of the study

The goal of this paper is to review the recent literature in order
to investigate the trends in the assessment of RES investments.
The study is based on representative sample of a literature review
of energy planning papers and may concern researchers and
potential users of the examined methods. The current challenge
was to limit the number of papers for the analysis to a manageable
size but still objectively represent the state of the applications. The
reader has the opportunity to be informed throughout the years
for the trends in methods and application areas. It is useful to
understand the reasons of these trends, in order to improve the
effectiveness of applications in the future and for a candidate
project which type of approach might be suitable, and where
similar applications might be found.

In the sections that follow, we shall first refer to the most fre-
quently used decision support methods applied to renewable
energy problems. Then, we classify a total of 183 studies published
from 1983–2014. We present the main features observed and
report on new findings.

2. Decision support methods applied to renewable energy
sources

The most frequently used approaches to the modelling of the
energy system have been: life cycle assessment (LCA), cost benefit
analysis (CBA) and multicriteria decision aid (MCDA) [2].

2.1. Life Cycle Analysis-LCA

Life Cycle Analysis (LCA) is a process to analyse and assess the
environmental impacts of a product, process or activity over its
whole life cycle. LCA identifies and quantifies energy and materials
used and wastes released to the environment and assesses the
impact of those inputs and outputs searching for environmental
improvements. LCA considers the entire life cycle of the product:
extracting and processing raw materials, manufacturing, trans-
portation and distribution, use, re-use, maintenance, recycling and
final disposal [16].

An LCA study involves data collection and calculation to
quantify relevant inputs and outputs or the environmental load of
a product system [17]. Using a LCA methodology, environmental
performance indicators, including energy intensity, energy pay-
back time (EPBT), can be determined for energy technologies.
Biomass, photovoltaic (PV), and wind energy are the Renewable
Energy Technologies (RETs) for which most of the LCA work has
been carried out in order to assess their environmental perfor-
mance for electricity generation. LCA analysis is conducted from
different perspectives for electricity generation from RETs [18]:

- LCA for determination of the environmental performance: A
number of studies have been carried out to determine the
lifecycle environmental performance of RETs.

- LCA for analyzing the factors of the environmental perfor-
mance. The lifetime, power ratings, load factor, type and
maturity of technology, and country of manufacture influence
the energy intensity of energy technologies.

- Scenario analysis through LCA. There are some LCA studies
that not only assesse the environmental performance of RETs
but also include alternative energy efficiency scenarios into
the lifecycle boundary in order to reduce the lifecycle envir-
onmental burden.

- LCA for comparative analysis. LCAs of different types of RETs
have been carried out in order to compare their performances.
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