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a b s t r a c t

Energy is an important input for national socio-economic development. The current trends of energy
supply and demand are not sustainable because of the expected huge gap between demand and supply
in the future. The fossil fuels resources are limited and use of these fuels has a negative impact in the
environment. Holding energy at a secure level and global climate at a safe level require integration of
renewable energy technologies (RETs) in the energy supply-mix. Development of RETs in a country
depends on its renewable energy readiness (RE-Readiness) that indicates the gaps and strengths of their
development. In light of the various initiatives proposed to turn North Africa into a renewable energy
producer and extend its electricity supply to its neighboring European counties, it demands to assess the
RE-Readiness. The main object of this paper is to develop and disseminate an assessment framework to
find North African countries RE-Readiness for deployment of RETs. This framework is adopted in which
the paper applies a consistent methodology across all the North African countries' to assess the present
state of infrastructure, institutions and human capital factors to adopt and deploy RETs. Each of the
factors is assigned a weight and a score between 1 and 7, with 1 being the lowest and 7 the highest score.
From this developed assessment framework, it is found Morocco received the highest RE-Readiness score
means that the country is more ready to invest in RETs than the other countries in North Africa. This
assessment identifies the gaps and strengths for the deployment of RETs in these countries and serves as
a first step towards proposing renewable energy diffusion strategies that will contribute to their
environmental, social and economic development.

& 2014 Elsevier Ltd. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
1.1. Renewable energy readiness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
1.2. Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

2. Infrastructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
2.1. Assessment of natural resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

2.1.1. Renewable energy potential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
2.1.2. Energy security . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

2.2. Country overall infrastructure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
2.3. System requirements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132

2.3.1. Grid capacity and robustness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
2.4. Market infrastructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132

2.4.1. Goods market efficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
2.4.2. Market deregulations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
2.4.3. Supply chain, availability of RETs O and M facilities and quality control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
2.4.4. Market distortions and competitive advantage of RETs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

2.5. Energy access . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
2.5.1. Expected energy demand growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
2.5.2. Electrification rate and quality of electricity supply. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

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.2014.01.066
1364-0321 & 2014 Elsevier Ltd. All rights reserved.

n Corresponding author at: Energy Institute, Bangladesh Atomic Energy Commission, Dhaka, Bangladesh. Tel.: þ0088027790009.
E-mail address: amondal@uni-bonn.de (Md.A.H. Mondal).

Renewable and Sustainable Energy Reviews 33 (2014) 128–140

www.sciencedirect.com/science/journal/13640321
www.elsevier.com/locate/rser
http://dx.doi.org/10.1016/j.rser.2014.01.066
http://dx.doi.org/10.1016/j.rser.2014.01.066
http://dx.doi.org/10.1016/j.rser.2014.01.066
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2014.01.066&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2014.01.066&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2014.01.066&domain=pdf
mailto:amondal@uni-bonn.de
http://dx.doi.org/10.1016/j.rser.2014.01.066


3. Institutions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
3.1. General institutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
3.2. Key policies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

3.2.1. Institutional framework. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
3.2.2. Identified targets and policy mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

3.3. Financial market development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
3.4. Macroeconomic environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

4. Human capital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
4.1. Technical and commercial skills . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

4.1.1. Higher education and training . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
4.1.2. Capacity building . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
4.1.3. Available renewable energy experts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
4.1.4. Labor market efficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

4.2. Technology adaptiveness and diffusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
4.2.1. Technological adoption readiness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
4.2.2. Innovation and R&D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

4.3. Awareness among consumers, investors and decision makers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
4.3.1. Resources availability. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
4.3.2. Consumer and social acceptance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

5. Assessment of RE-readiness for the selected countries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
5.1. Identified gaps and strength of RETs development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

6. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

1. Introduction

The North African countries are mostly endowed with rich
hydrocarbon resources at the exception of Morocco and Tunisia.
Renewable energy adoption is driven by environmental concerns,
enhanced energy security, and European proposition to install
large-scale solar power plants and wind parks and establish an
intercontinental power grid in order to transport the electricity to
Europe. The Desertec Industrial Initiative (DII), constituted by
German companies in October 2009, proposes an investment of
€400 billion into the construction of future North African solar
power plants and their connection to the European grid through
submarine cables. The Mediterranean Solar Plan (MSP) aims to
develop additional 20 GW by 2020 along with the necessary
electricity transmission capacity, including international intercon-
nections. These initiatives have been endorsed by the European
countries through the formation of the Union for the Mediterra-
nean, a political instrument of dialog and cooperation between the
European Union (EU) and states of the southern and eastern
Mediterranean. These initiatives seem to be feasible and promising
according to the generalist technical economic studies that princi-
pally represent the European outlook on these projects. These
initiatives proposed to turn North Africa into a renewable energy
producer and extend its electricity supply to its neighboring European
countries. However, the study on renewable energy readiness
(RE-Readiness) assessment in these countries is lacking. This paper
indicates the critical success factors that are important for the
deployment of RETs and assesses RE-Readiness to promote RETs in
different North African states namely Algeria, Egypt, Libya, Mor-
occo, and Tunisia. A map to improve geographical understanding
of North African countries is shown in Fig. 1 [1].

1.1. Renewable energy readiness

International Renewable Energy Agency (IRENA) defines RE-
Readiness as “when actors are able to deploy renewables where
they are the best option, accounting for all economic, social and
environmental criteria”. The readiness conducts its assessments
by looking at “the current state of national readiness, across
the project lifecycle, from national energy strategy and policy, to

building, operation and maintenance, with capacity-building cut-
ting across all these items” [2].

On a national level, RE-Readiness is an indication of the
country's realization of the need for renewable energy and its
ability to introduce and support renewable energy projects. In this
report, RE-Readiness is defined as the level of development of a
county's infrastructure, institutions and human capital factors that
influence the attractiveness of investing in renewable energy
projects and play a role in enhancing the reliability of RETs to
ensure their sustainable deployment [3].

1.2. Methodology

The RE-Readiness for each country will be determined by
evaluating their readiness to adopt RETs by assessing the enabling
factors to deploy of RETs in terms of three pillars namely infra-
structure, institution and human capital. Name of the factors and
sub-factors of these pillars are given in Table 1. The Global
Competitiveness Report (GCR) 2011–2012 developed by the World
Economic Forum [4] was used to obtain scores for many factors and
indices in this paper. The GCR measures countries competitiveness
levels by assessing the competitiveness factors and giving them a
score between 1 and 7. Similarly, the RE-Readiness Index is a score
between 1 and 7, with 1 being the lowest and 7 the highest.

The scoring criteria for some factors and sub-factors can be
initially assessed from a qualitative range of “poor” to “very good”
and then translated into a score from 1 for “poor” to 4 for “very

Fig. 1. A map of North African countries.
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