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Abstract

This paper assesses the energy security performance of the electricity sectors of
the West African Economic and Monetary Union (UEMOA) countries using Multiple-
criteria Decision Analysis. First, it establishes a five-level framework incorporating the
dimensions: availability and diversity; affordability and equality; efficiency and
reliability; regulation and governance; and environmental sustainability to
conceptualize energy security. 18 metrics characterizing these dimensions are then
used to assess the energy security performance of the UEMOA countries during the
2010-2019 period. The results indicate that Cote d'lvoire was the most secure country
of the Union, followed by Senegal and Togo in 2019, while the worst-performing
country was Niger. Furthermore, Mali, Benin and Niger were found to have regressed
the most concerning energy security from 2010 to 2019, whereas Senegal had
improved greatest, followed by Togo, Cote d’lvoire and Burkina Faso. In addition, none
of the countries were found to perform well in all the indicators of energy security.

Therefore, common actions such as improving governance, increasing generation
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capacity with priority to renewable sources, improving energy efficiency, upgrading
power systems and encouraging R&D and paying more attention to environmental
concerns could enhance energy security throughout the electricity sectors of all the

UEMOA countries.

Keywords: UEMOA, Electricity Sector, Energy Security, Multiple Criteria Decision

Analysis, Energy Policy.
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1. Introduction

Access to electricity is a prerequisite for providing essential services and economic
growth (Tarekegne and Sidortsov, 2021) and has reached the point where its
availability, accessibility and secure supply are perceived as significant development

indicators.

17.2% of the world's population live in Africa, however the continent consumes only
3.14% of global electricity use (United Nations, 2019), the lowest of all the world's
regions. Access to electricity, defined as the percentage of the total population with
access to electricity (World Bank, 2021a), is also the weakest in Africa, with a divide
between North Africa and Sub-Saharan Africa. North Africa had reached, almost
universal access to electricity by 2019, whereas the electrification rate in sub-Saharan
Africa was 48% in the same year (IEA, 2021a, 2019) as a result almost three-quarters
of people without access to electricity in the world today live in sub-Saharan Africa
(IEA, 2021a). Therefore, the region has the most exposed electricity sector as
performances in terms of access, affordability and security of supply remain very low

compared to other parts of the world, (Blimpo et al., 2018, 2020; Streatfeild, 2018).

The consequences of such deficiency in the sector include social and economic
poverty, under-development, unemployment, a high level of illiteracy and increased
migration (Ajayi, 2013; Blimpo and Cosgrove-davies, 2019; Sarkodie and Adams,
2020). In addition, environmental and health concerns must also be considered, due
to the lower share of electricity use (Fig.1), populations strongly rely on subsidy fuels
such as biomass burning for energy, which causes pollution and emissions of harmful
gases (Ajayi, 2013; Leite et al., 2021). Thus, the electricity sector, and especially the

universal access to electricity, has become a significant priority for most Sub-Saharan



African countries and as a result have revised their development goals to achieve it

(Tarekegne and Sidortsov, 2021).
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Fig. 1. Share of the different sources for the total energy consumed in UEMOA 2018 (UEMOA, 2020).

The UEMOA countries are not excluded by the deficiency concerning this sector. The
region contains some of the least electrified countries in West Africa, as well as the
country with the lowest consumption of electricity per capita: Guinea Bissau (IEA,
2021a; IndexMundi, 2021). Therefore, the need to improve the electricity sector is
crucial for many of the governments in the UEMOA, forming a critical axis of their
development plans. However, success most of the time requires financial investment,
which is often beyond the financial capacity of individual countries. Consequently,
countries typically rely on financial assistance from international aid and donor
organizations (Tarekegne and Sidortsov, 2021), furthermore, lack of proper planning,
poor governance, and adverse actions such as corruption and injustices have also
caused many failures for initiatives targeting sustainable energy for all in the region

(Boamah et al., 2021; Gregory and Sovacool, 2019).



Energy security assessment is one of the critical parameters used to determine the
current position and future prospects for the development of all countries and regions
(Radovanovic et al., 2017; Winzer, 2012) and therefore is a suitable tool to assess the
electricity sectors of the UEMOA countries. However, despite the significant amount of
literature existing on the topic of energy security, to-date studies have generally
focused on the global North. In their review of the factors characterizing energy security
in West Africa, Ofosu-Peasah et al. (2021) previously noted the lack of studies on
energy security in the global South, especially related to West Africa and tried to fill the
gap by characterizing energy security in the region in a general manner rather than
focusing on a specific element of energy security. Ofosu-Peasah et al. (2021) defined
energy security using nine factors: one region-specific factor (investment); five cross-
sector factors (governance, sustainability, reliability, affordability and regional energy
pools); and three sector-specific factors (energy demand-side management for the

electricity sub-sector; and availability and security for the oil and gas sub-sectors).

Furthermore, this lack of studies on energy security is more critical for quantitative
studies, as qualitative approaches were used by most of the studies related to energy
security in Sub Saharan Africa (Alemzero et al., 2021). Previously, Acquah and
Sarpong (2015), based on the dimensions of the composite energy security index
(CESI) proposed by Sovacool et al. (2011) conducted a comparative analysis for
energy security between Ghana and 34 countries, including 17 (non-West) African,
ASEAN and Global North countries. Also, Alemzero et al. (2021) recently formulated a
13 variables composite index of energy security and evaluated its impacts and trends
by using a principal composite factor analysis (PCA) for a sample of 28 African
countries. There is, therefore, a gap in research to perform a quantitative analysis of

the energy security situation in Sub Saharan Africa, especially for a common



characteristics-group of economies that constitutes the UEMOA countries. This paper
aims to fill this gap by undertaking an energy security assessment to answer the

following research questions:

1) How can energy security be assessed and analyzed for the electricity sectors
of the UEMOA countries?

2) What are the current performances and trends of the UEMOA countries in terms
of energy security for the electricity sector?

3) What reasons explain such trends for the countries?

4) How can energy security be improved in the electricity sectors of the UEMOA

countries?

For this purpose, this study first presents, in section 2 the five-level framework
proposed to assess energy security in the electricity sector in the UEMOA. Then in
section 3, through the Fuzzy Analytical Hierarchy Process (FAHP) and the Preference
Ranking Organization Method for Enrichment Evaluation (PROMETHEE), it assesses
the energy security performances of the countries. Next, in Section 4, the paper
presents the results and discusses the countries’ energy security performances and
trends and the possible reasons for such performances. Finally, in section 5, the paper
gives the policy implications suggested by the results for the countries and draws

conclusions.

2. Conceptualization of the energy security framework
After reviewing the literature on the conceptual aspect of energy security, this section
proposes a framework for assessing energy security in the electricity sector in the

UEMOA.



2.1. Literature review
Despite a significant body of literature existing on the energy security concept, it
remains challenging to find a universal definition and consensus on its precise
interpretation (Kruyt et al., 2009). Definitions and interpretations vary, from authors, to
places, and also over time (AIT, 2010; APERC, 2007; ENDA, 2009; ERC, 2009;
Goldemberg et al., 2009; IEA, 2007; TERI, 2008). Since the first oil crisis in the 1970s,
energy security was primarily concerned with issues related to primary source
disruption (APERC, 2007), thereby defining energy security as the reliable supply of
energy at reasonable prices to support the economy and industry (Asif and Muneer,
2007; Bielecki, 2002; Dorian et al., 2006; IEA, 2001; Yergin, 1988). However, this
definition does not consider additional social and environmental dimensions of the
concept (Yergin, 2006; Zhang et al., 2017). Therefore it appeared to be narrow over
the years. Aiming to capture these various dimensions of energy security and distil
them into categories that can be tested and measured as part of an energy security
index, Sovacool et al. (2011) defined energy security as "how to equitably provide
available, affordable, reliable, efficient, environmentally benign, proactively governed
and socially acceptable energy services to end-users". Based on this definition and
using interviews, surveys and a workshop with global energy experts, they established
a five-level framework broken into 20 components correlated to 20 metrics to set up a
comprehensive energy security index. The framework also complies with the "4A"
framework (availability, accessibility, acceptability and affordability) developed by the
Asia Pacific Energy Research Centre (APERC, 2007), which is common to various
studies in the literature (Hughes, 2012; Le and Nguyen, 2019; Ren and Sovacool,

2014a; Winzer, 2012).



This approach of developing an energy security index that aggregates a defined
number of energy-related indicators can be used to rank various jurisdictions such as
provinces, countries or regions based on the absolute performances concerning
energy security (Li et al., 2016; Sovacool et al., 2011; Zhang et al., 2017). The same
approach can be used to establish the most or least improved or to evaluate the speed
of change or the trends of a jurisdictions’ energy security level (Antanasijevi¢ et al.,
2017; Li et al., 2016; Radovanovi¢ et al., 2017; Sovacool, 2011). For example, Li et al.
(2016) developed a three-dimension resource-poor economies tailored index to
measure energy security performances (of Japan, Korea, Singapore and Taiwan)
using principal component analysis. In addition, at a country level, Zhang et al. (2017)
developed a five-dimension energy security index broken into 20 components
correlated to 20 metrics to measure the energy security performance of 30 Chinese
provinces, divided into eight regions. Some of the studies that have developed multi-
dimensional frameworks for energy security assessment however did not test their

instruments (Vivoda, 2010; Von Hippel et al., 2011).

Instead of a comparative approach concerning energy security, other studies have
focused only on analyzing a jurisdiction's energy security level using energy-related
indicators that reflect the condition of the energy sources used (APERC, 2007; Bellos,
2018; Hughes, 2012). For example, Hughes (2012) used the IEA's definition of energy
security, combined with structured systems analysis techniques to generate a three-
indicator framework and a process-flow energy systems model which could apply to

any energy system expressed in terms of energy chains and processes.

Finally, a limited number of previous studies have focused only on the security of the
components of an energy system, most often electricity or oil and gas supply (Cabalu,

2010; Cohenetal., 2011; Grubb et al., 2006; Moore, 2017). For example, Moore (2017)
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used a four-level energy security framework to evaluate electricity integration in
Morocco by analyzing perceptions of the energy security for shallow and deep
electricity integration. Grubb et al. (2006) assessed the diversity of electricity
generation in the UK and explored its relationship with the low carbon objectives of the
country for the forthcoming decades using a quantified analysis. Based on a four-set
of security indicators, Cabalu (2010) computed a composite index—gas supply
security index (GSSI) to assess the relative vulnerability to natural gas supply

disruptions of seven gas-importing countries in Asia.

2.2. Dimensions and metrics of the index
The UEMOA (Fig. 2) consists of eight coastal and Sahel states, linked by a common
currency, the FCFA, and benefiting from common characteristics and cultural
traditions: Benin, Burkina Faso, Céte d'lvoire, Guinea-Bissau, Mali, Niger, Senegal and
Togo. Created on January 10, 1994, in Dakar, it covers 3,506,126 kmz2 with a global
population of 123.6 million (UEMOA, 2021). The UEMOA zone has a tropical climate
that varies from the typical semi-arid climate to the Sahel climate in the north of the
union (Mali, Niger, Burkina Faso and Senegal) and from the sub-humid climate to the
humid climate in the south of the zone, where the coastal countries are present (Benin,

Cote d'lvoire, Guinea Bissau and Togo) (BOAD, 2010).

Due to their similarities in the economy, traditions, society, and energy import
dependence (UEMOA, 2021, 2020), the UEMOA countries should be treated as a
unique and common category. However, to the authors' knowledge, no previous study
in the literature has either tried to assess energy security individually for one of the
economies or treat them all as a unique category for an energy security assessment.
Therefore, this study develops a conceptual framework to specifically evaluate energy

security within the electricity sector for this category of economies.

11



B== BENIN (1)

BN BURKINA FASO (2)

B cOTE D'IVOIRE (3)

B== GUINEE-BISSAU

HE mALI(5) 5 Ar

=== NIGER (6)
B-H SENEGAL(7)
= 1060 (8)

Fig. 2. Location of the UEMOA countries (Adapted from UEMOA, 2021a).

From the literature review, which included books and reports (APERC, 2007; IEA,
2007) and studies using: quantitative and qualitative assessments of energy security
(Ofosu-Peasah et al., 2021; Ren and Sovacool, 2014a); qualitative research with
energy experts (Sovacool et al., 2011; Sovacool and Mukherjee, 2011); focus groups
and workshops (Sovacool, 2013; Sovacool et al., 2011; Sovacool and Mukherjee,
2011) ; and energy security perception comparisons at the international level
(Sovacool, 2016; Sovacool et al., 2012), this paper proposes a five-dimension
framework to measure the energy security within the electricity sector in the UEMOA.
The five dimensions are ‘availability and diversity’, ‘affordability and equality’,
‘efficiency and reliability’, ‘regulation and governance’ and ‘environmental
sustainability’ and these were further divided into 18 components correlated to 18
metrics (Table 1). The factors were chosen with consideration of the characteristics of
the countries in the Union.

12



2.2.1. Availability and diversity
The first dimension chosen for the energy security index was availability and diversity.
Four indicators were used to reflect it: security of supply, diversity, dependency, and
capacity factor. Indeed, either due to poor industrialization and, therefore, lack of
exploitation of individual countries' resources or resource-poor situation, most of the
UEMOA countries spend a significant portion of their national budget on oil and gas
imports for electricity generation and the transport sector (Ofosu-Peasah et al., 2021,
UEMOA, 2020). This high dependency on imports exposes the countries to supply
disruption and, therefore, vulnerable as they have established the basis of their
development on the application of energy-demanding technologies while having no
energy sources or exploitation technology of their own (Radovanovi¢ et al., 2017). The

dependency indicator was therefore chosen to assess such a vulnerability.

Also, as a proxy indicator of the life quality of citizens, the security of supply (final
electricity consumption per capita) was chosen. Indeed, the countries' vulnerability
may translates into differences in quality of life and electricity use as different stages
of development can be particularly noticeable within the countries due to their exposure
to any disruption in the energy market (Radovanovic et al., 2017). Security of supply

was chosen therefore as an adapted indicator for this study.

The diversity indicator was selected because promoting a diversified collection of
different energy sources and technology is fundamental for being energy secure
(Sovacool et al., 2011). Indeed, diversity reduces vulnerability in case of disruption,
even when the country is highly dependent. As a complex but accurate metric of
diversity, the Shannon-Winner index (SWI) was used to reflect diversity for the

countries regarding energy security (Sovacool and Mukherjee, 2011).
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Finally, capacity factor of the power plants was selected to reflect the technology’s
availability, which is crucial for energy security as it consists of one of the most
important upstream part of the security of energy supply. Indeed, in its own definition,
energy security included the need to provide available energy services to end-users.

Capacity factor was deemed adapted for this study.

2.2.2. Affordability and equality
The second dimension chosen for the energy security assessment in the UEMOA was
affordability and equality, and again, it comprises four indicators: access, affordability,
stability and equality. The access and affordability indicators were chosen to underline
the social dimension that energy security needs to encompass. Indeed, the West
African region consists of some of the poorest countries in the world (Ofosu-Peasah et
al., 2021). Therefore, the countries’ economic and financial situation translates into
high tariffs for energy services and price volatility as they are highly dependent on fossil
fuels (Guo et al., 2020), which are the primary sources of electricity generation. This
situation does not help the population access or afford electrical services (Blimpo et

al., 2018, 2020).

Furthermore, the volatility of the prices faced by the union's countries also translates
into changes in the proposed tariffs for energy services. Therefore, the 'stability’
indicator was chosen as having predictable prices for energy services, and fuels are
fundamental for energy security (Sovacool and Mukherjee, 2011). Finally, UEMOA,
located in the sub-Saharan part of Africa, still has many people who have no access
to modern energy and rely on subsidies. Therefore, the 'equality’ indicator was chosen
as promoting equitable access to (modern) energy services is crucial for economic

growth, global development, and poverty eradication (Martchamadol and Kumar, 2012;

14



Oyedepo, 2012; Sovacool and Mukherjee, 2011; Tarekegne and Sidortsov, 2021) and

therefore fundamental for energy security.

2.2.3. Efficiency and reliability
Efficiency and reliability was chosen as the third dimension, and the index relies on
three components for this dimension: energy intensity, grid efficiency and grid
reliability. The electric systems of the UEMOA economies still consist of old materials
in exploitation, which causes frequent disruption of the electricity services and
qguestionable efficiency. As a response, Demand Side Management (DSM) and
efficiency programs have been initiated in the Union (IFDD and UEMOA, 2020) to
upgrade the electric systems and curtail the growing demand, and such actions can
help by increasing energy security (Ang et al., 2015; Hughes, 2009). The grid efficiency
and the grid reliability indicators were therefore, deemed essential for this study as
they reflect the effectiveness of the energy-delivering technology (Sovacool et al.,
2011). Indeed, having a suitable infrastructure, practicing good maintenance, and
delivering high-quality and reliable energy services are essential for maintaining
energy security (Sovacool and Mukherjee, 2011). Finally, global development is a
priority for the UEMOA countries, and energy security (specifically efficient use of
energy here) will play a crucial role in achieving sustainable development. The energy
intensity was therefore chosen to reflect the efficient use of energy to produce
(economic) development as this indicator shows simply the extent to which energy
resources are consumed for the production of a unit of gross domestic product
(Radovanovi¢ et al., 2017). This characteristic make this indicator a good measure for

tracking changes in energy consumption over time (Sovacool and Mukherjee, 2011).
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Table 1. Dimensions, components and metrics of the energy security index for the electricity sector in UEMOA.

Dimensions Indicators Metrics Definition / explanation Unit Preference
A. Availability and Al. Security of supply I1. Total electric energy supplied Includes all domestic production — thermal, kWh/capita Greater
diversity per capita hydroelectricity, solar, wind and other renewables

and imports fewer exports

A2. Diversity I2. Diversity in electricity Shannon-Winner Index (SWI) for diversity in - Greater
consumption electricity consumption: SWI = — Y, p; In(p;)
A3. Dependency 13. Self-sufficiency Percentage of electric energy demand met by the % Greater

domestic production

A4. Capacity factor 14. Utilization rate of generation Actual total production in MWh / total nameplate % Greater
units capacity in MW times 8,760 hours
B. Affordability and B1. Access I5. Share of population with high- Percentage of combined urban and rural electricity % Greater
Equality quality connections to the customers with reliable connections compared to
electricity grid the total population in the country
B2. Stability 16. Stability of electricity prices Percentage that retails electricity prices have % Smaller

changed every year
B3. Affordability of I7. Quantity of electricity bought Local GDP per capita divided by the average kWh/capita Greater

electricity with GDP electricity price for a given year

16



C. Efficiency and

Reliability

D. Regulation and

Governance

E. Environment

and sustainability

B4. Equality

C1. Energy efficiency

C2. Grid efficiency

C3. Grid Reliability

D1. Governance

D2. Competition and
markets

D3. Information access

E1l. Climate Change

I8. Share of electricity in total

energy consumption

19. Energy Intensity

110. Share of total electricity losses

I11. Average blackout hours

per household

116. Worldwide governance rating

118. Provision from IPPs

119. Quiality of information

112. Per capita electricity-related

emissions

Annual electricity consumed divided by local total
energy consumption

Electricity consumption per dollar of GDP

Total power losses (transmission and distribution
including pilferage) divided by the total electricity
output

Annual average blackout hours experienced per
households

Mean score given for the six categories of
accountability, political stability, government
effectiveness, regulatory quality, rule of law, and
corruption

Percentage of generation capacity owned by the
independent power providers (IPPs)

Percentage of data points complete for this index
out of all possible data points

Annual tons of electricity-related carbon dioxide

emissions divided by the national population

%

kWh/US$

(2010)

%

Hoursl/year

%

%

kgCOz2/capita
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Greater

Smaller

Smaller

Smaller

Greater

Greater

Greater

Smaller



E2. Carbon-energy

intensity

E3. Carbon-economy
intensity

E4. Sustainability

113. Electricity-related emissions

per electricity consumption

I14. Electricity-related emissions
per GDP
115. Share of fossil fuels-related

electricity in total output

Annual tons of carbon dioxide electricity-related
emissions divided by the total electricity
consumption

Annual tons of carbon dioxide electricity-related
emissions divided by total national GDP

The output of electricity produced based on fossil

fuels divided by the total electricity output

gCOa/kWh

gCO2/US$
(2010)

%

Smaller

Smaller

Smaller

18



2.2.4. Regulation and governance
The fourth dimension chosen for the energy security is regulation and governance and
four indicators were here also use to reflect it: governance, competition and market
and information access. First, the governance indicator was chosen as it encompass
the political aspect of energy security (Zhang et al., 2017). Indeed, having a stable,
transparent, and participatory political system is very important for energy security
(Sovacool and Mukherjee, 2011). Also, a competitive market and promotion of trade
of energy technology and fuels are essential for enhancing energy security in the
UEMOA. Although the energy demand is proliferating, the electricity sector, relays
often on only one or a few energy providers, which makes the countries less secure.
As a result, countries in the union have recently opened the gate to independent
producers, and extended interconnections are also expected (Tractebel Engineering
and GDF Suez, 2011). Therefore, a consistent regulatory system encouraging
competitiveness and trade market is necessary. Therefore, the competition and market

indicator was selected to reflect this regulatory aspect needed for energy security.

Finally, the last indicator, information access, was selected to reflect the quality or
availability of energy information. Indeed, enhancing social and community knowledge
about education and energy issues is crucial for maintaining a sound and sustainable

energy security level.

2.2.5. Environmental sustainability
Environmental sustainability, the fifth dimension of the energy security index, was
chosen considering the environmental aspect that energy security needs to achieve
for sustainability. Again here, four indicators were chosen to reflect the dimension:
climate change, carbon-economy intensity, carbon-energy intensity, and sustainability.

Indeed, the high dependence on fossil resources in the electricity sector combined with

19



the demand expected to grow in the coming years requires safer and cleaner energy
resources with greener energy production and consumption to be implemented (Yao
and Chang, 2014) in order to enhance and maintain a sustainable level of energy
security. Furthermore, the indicator of climate change was chosen as minimizing
ambient and indoor pollution, mitigating GHG emissions associated with climate
change, and adapting to climate change are essential for enhancing energy security
(Sovacool and Mukherjee, 2011). In addition, the environmental component must be
incorporated in all the Union’s governments’ development programs, which aim at
achieving sustainable development for their respective countries. Thus, the dimension
relies on the sustainability and carbon-intensity (carbon-energy and carbon-economy)
indicators. Indeed, they are good indicators of energy security, especially for long-term
considerations, as they indicate, to some extent, the reduction of fossil fuel import

(Radovanovic et al., 2017).

The dimensions, components, indicators and metrics of the energy security index built

for this study are synthetized in Table 1.

3. Methodology

3.1. Data collection and processing
Data were collected and processed for the UEMOA countries from 2010 to 2019. Data
on the scoring values of the countries were computed mainly from data collected in the
national activities and statistics yearbooks and the UEMOA energy report (UEMOA,
2020). Other data was drawn from IEA databases (IEA, 2021a, 2021b), World Bank
databases (World Bank, 2021b, 2021c) and reports (SE4ALL, 2019a, 2019b). Due to

a wide range of unavailable data, Guinea Bissau was excluded from the study, which
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left seven UEMOA countries investigated: Benin, Burkina Faso, Cote d’lvoire, Mali,

Niger, Senegal and Togo.

3.2. Theory / Calculations
Assessment of security within the electricity sector for the UEMOA countries was
performed using two MCDA methods - Fuzzy Analytical Hierarchal Processes (FAHP)
and Preference Ranking Organization Method for Enrichment Evaluations
(PROMETHEE). This section presents the two methods in terms of theory and

calculations.

3.2.1. The Fuzzy AHP method
The AHP is an additive weighting process based multi-criteria method for analysis in
which several relevant attributes are represented through their relative importance
(Sun, 2010). Therefore, such a method is a powerful tool for solving complex problems
involving several alternatives, criteria, and decision-makers as the problems can be
decomposed into sub-problem represented by a set of criteria or attributes (Aczel and
Saaty, 1983; Sun, 2010). The AHP is used to capture the decision-makers knowledge
of a preference and represent the attributes through their relative importance using a
pairwise comparison process (Sun, 2010; Zhang et al., 2017). The decision-makers
can specify preferences either in the form of natural language or numerical values

about the importance of each performance attribute (Gungor et al., 2009).

However, some shortcomings, including an unbalanced scale of judgment and
uncertainty associated with human perceptions, have been pointed out for the
conventional AHP method (Sun, 2010; Yang and Chen, 2004). Therefore, the Fuzzy
set theory was introduced into the conventional AHP to overcome these problems, as

such a mathematical tool is used to address the imprecision and uncertainty inherent
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to human judgments in the decision-making process (Ren and Sovacool, 2014b; Sun,
2010). Such a theory uses a membership function to calculate a grade of membership
that a given variable belongs to (Ren and Sovacool, 2014b; Zhang et al., 2017).
Several types of membership functions exist in the literature, with the triangular and
trapezoidal functions usually used in fuzzy logic because of their simplicity and

accuracy (Ren and Sovacool, 2014b).

Following the steps below, we implemented the FAHP method with fuzzy triangular

numbers, for which definition and standards operations are given in Appendix 1.

Step 1: determining the generalized pairwise comparison matrix.

In this first step, the numerical generalized pairwise comparison matrices of the factors
are constructed, first using linguistic terms in the same level of hierarchy structure and
then converting them into fuzzy numbers (as presented in Table 2). The generalized

pairwise comparison matrix is given by Eq. (1) (Zhang et al., 2017).

1 512 51n 1 E~l12 éi1n
K — 521 §2n — 1/512 1 5211 (1)
e~1r11 anZ i 1/éln 1/?lnz i

Where &;; = (aj;, al},aj}), with aj;, a]}' and aj} standing respectively for the lower, middle,
and upper values of the fuzzy number corresponding to the comparison of the i-th

factor to the j-th factor.

As preferences of the dimensions and metrics are given by a committee of n decision-
makers (see Appendix B), the generalized pairwise comparison matrix is synthesized
from the pairwise comparison matrices of the n stakeholders using the geometric mean
method (given by Eq. (2)) as suggested by (Buckley, 1985) and used by (Lee et al.,

2021; Sun, 2010).
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Table 2. The linguistic terms and corresponding fuzzy scales (for example)

Linguistic Abbreviation  Scale Triangular Fuzzy corresponding scales
Main values
Equal importance E 1 1,1,1)
Moderate importance M 3 (2,3,4)
Strong importance S 5 (4,5, 6)
Very strong importance VS 7 (6,7,8)
Absolute/extreme importance A 9 (8,9, 10)

Intermittent values

Weak/slight importance w 2 (1,2,3)
Moderate plus importance M + 4 (3,4,5)
Strong plus importance S+ 6 (5,6,7)
Very, very strong importance VS + 8 (7, 8,9
Reciprocal values Reciprocal of the fuzzy numbers
~ ~k\ Y/
djj = (a%j:aﬁl: aﬁ) = (HE=1 ali(j ! (2)

With n the number of stakeholders of the decision committee.
Step 2: determining the fuzzy weights of the factors.

The first procedure of this step is to determine the geometric mean concerning each
factor using Eq. (3). Then, with this computed, the fuzzy weights concerning the factors
are determined using the geometric means as given by Eq. (4) (Lee et al., 2021; Sun,

2010).

1
fo= ([T, a) " = (e, ) ®)

W; = i/ XL, T 4)
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Where 1 is the geometric mean of fuzzy comparison value of criterion i to each criterion

and w; the fuzzy weight of the i-th criterion.

Step 3: locating the BNP (Best Non-fuzzy Performance) values of the weights of the

factors.

This operation is also known as defuzzification and consists of transforming the factors'
fuzzy weights into crisp numbers. To do so, Talon and Curt, (2017) identified no less
than 29 methods within which the Center of Area method. This study uses this method,

expressed by Eq. (5), to defuzzify the factors' weights.
wi = (wi' —wij) + (W’ —w})/3 +w; ()

With wl, w™ and w! standing respectively for the lower, middle, and upper values of

the fuzzy number corresponding to the weight of the i-th factor.

3.2.2. The PROMETHEE method
The PROMETHEE method is one of the recent MCDA techniques. It is based on a
pairwise comparison of alternatives along with each recognized criterion and has been
used in the literature by several authors since its development (Albadvi et al., 2006;
Anand and Kodali, 2008; L’Eglise et al., 2001; Macharis et al., 2004; Zhang et al.,
2017). The alternatives are evaluated, therefore, according to different criteria, which
are minimized or maximized. Such a method is advantageous because it presents
several benefits, including ease of application, efficiency and interactivity (Brans et al.,

1986; L'Eglise et al., 2001).

Several extensions of the PROMETHEE method, including the PROMETHEE family
for outranking methods (PROMETHEE | and Il) exist in the literature (Behzadian et al.,

2010). The PROMETHEE Il was used in this study because it offers a complete pre-
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ordering of the alternatives through a comparison of net outranking flows. The

procedure used to complete this method is given as follow:
Step 1: determining the normalized decision matrix

The decision matrix is represented with the alternatives, the criteria/factors, and the
performance values that stand for the alternatives' scores over criteria. However, such
a matrix presents the issue that all the criteria have different units. Therefore, it is
indispensable to find a standard scale for all the factors by normalizing the performance
values. Thus, the performance values are normalized here using the linear scale
transformation (Eq. (6) for benefit attributes and Eq. (7) for cost attributes) (Celen,

2014). The normalized decision matrix is then obtained as given by Eq. (8).
rjj = X; — Minx;;/maxx;; — minx; (6)
j j j
rjj = maxX;j — Xij/maxxij — minXx;; (7)
j j j

Where rj; is the normalized performance value of the i-th alternative over the j-th factor,

x;; is the original performance value and minx;; and maxx;, are respectively the
] ]

minimum and the maximum performance values of all the alternatives over the j-th

factor.
ryp TIqpp I1n
r2 1 rz 2 an rz
C= : : . :rl (8)
rml I'm2 I'mn

Step 2: determining the deviations based on pairwise comparisons
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The deviation translates the preference of an alternative over another concerning a

criterion. Deviations are computed using Eg. (9) (Behzadian et al., 2010) as follows:
dj(a,b) = g;(a) —g;(b) 9)

Where d;(a, b) refers to the difference between the evaluations of alternatives (a and

b) over the j-th criterion or factor.
Step 3: determining the preference functions for the criteria

The preference function translates the difference between the evaluations of two
alternatives into a preference degree ranging from 0 to 1 for each criterion (Behzadian
et al., 2010). Six types of generalized preference function are usually found in the
literature: the usual criterion, the quasi or U-shape criterion, the V-shape criterion, the
level criterion, the V-shape with indifference criterion, and the Gaussian criterion
(Brans et al., 1986; Brans and Vincke, 1985). The linear preference function (V-shape
criterion) expressed by Eq. (10) was used in this study. Such criterion is the more

widely used (Zhang et al., 2017).

lifd>pord<—p

P(d):{d/pif—deSp (10)

Where P(d) refers to the preference of an alternative a with regard to alternative b on

each criterion, as a function of d;(a,b) and p, a preference threshold.

Step 4: computing the multi-criteria preference index

The multi-criteria or global preference index (Eq. (11)) expresses the weighted sum of

the preference functions for each criterion (Behzadian et al., 2010).
m (a,b) = X5_, Pi(d) x w; (11)

Step 5: computing the positive and negative outranking flows
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The outranking concept expresses how an alternative is given a preference over
another considering the criteria. Positive and negative outranking flows are computed

using Egs. (12) and (13) below (Behzadian et al., 2010).

¢* (@) =1/(m -1 XL 7 (a,0) (12)

¢~ (@) =1/(m -1 X< 7 (i, a) (13)
With ¢*(a) and ¢~ (a) respectively, the positive and negative outranking flows for the
alternative a, and m the number of alternatives.

Step 6: determining the net outranking flows and ranking alternatives

The net outranking flow is finally determined for each alternative, thanks to Eq. (14)

(Behzadian et al., 2010).

¢(a) = ¢p*(a) — ¢~ (a) (14)
Where ¢ (a) denotes the outranking flow for the alternative a.

In this study, The PROMETHEE method was performed using the Visual
PROMETHEE software, a complete and up-to-date software implementation of the
PROMETHEE method. The analyses were performed at the aggregated and
dimensional scales in absolute and temporal terms to know who is the most or least
secure and who improved the most or least within a given period. Such later analysis
was performed by computing energy security progress indices (Eq (15)), which were

determined for periods ranging from ti1 to t2 (t1 < t2) as:

Ap = ¢(tz) — P(t1) (15)
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Values obtained applying such expression are comparable between different periods
and countries to determine change in energy security since the rankings were

performed simultaneously for all studied years (Antanasijevi¢ et al., 2017).

4. Results and discussion

With the security framework set up with its dimensions and indicators, the Fuzzy AHP
was first applied to compute the weights of the dimensions and the metrics. Several
stakeholders' judgments determined the pairwise comparisons concerning the five
dimensions and their components, first into linguistic terms (Appendix B: Tables B1-
B6). The linguistic terms were then converted into fuzzy scales and aggregated
(Tables B7-B12) using Eq. (2). Using Eqgs. (3) and (4), the fuzzy weights of the
dimensions and the components/indicators in each dimension were determined. The
global weight of each indicators could then be computed as shown in Table 3, as it
corresponds to the product of the indicator's weight in the hierarchy and the weight of

its belonging dimension.

Then, with the different weights computed and data collected on the performance of
the countries concerning the metrics, we used the Visual PROMETHEE software to

evaluate the security performance within the electricity sector in the UEMOA.

4.1. Energy security performances
Table 4 presents the final results of the security performance evaluation for the
electricity sector in the UEMOA during the 2010-2019 period. The value of Phi (¢)
represents the net outranking flows with respect to the countries, and the greater the

value is, the more energy secure the country will be with respect to the others.
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Table 3. Weights of the dimensions and metrics of the energy security index

Dimensions weights Components weights Global weights
Dimensions Weights Metrics Weights Metrics Global Weights
Availability 0.3003 Al 0.346 11 0.104

and diversity A2 0.180 12 0.054

A3 0.228 I3 0.069

A4 0.245 14 0.074

Affordability 0.2103 B1 0.368 15 0.077
and equality

B2 0.253 16 0.053

B3 0.273 17 0.057

B4 0.106 18 0.022

Efficiency and 0.1843 C1 0.222 19 0.041

reliability c2 0.320 110 0.059

C3 0.459 111 0.085

Regulation 0.1632 D1 0.500 112 0.082

and D2 0.218 113 0.036

governance
D3 0.282 114 0.046
Environmental 0.1420 El 0.370 115 0.053
Sustainability E2 0.183 116 0.026
E3 0.198 117 0.028
E4 0.249 118 0.035

On the one hand, data in Table 4 suggests, for example, in 2019 that Cote d'lvoire
(0.52) ranked first in terms of energy security in the UEMOA, followed by Senegal
(0.22), Togo (0.04), Mali (-0.04), Benin (-0.09), Burkina Faso (-0.11) and Niger (0.47).
On the other hand, averaging the energy security net flows over the study period can
give us a decent sense of which country is most and worst energy secure within the

UEMOA.
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Table 4. Energy security performances (expressed as the net flow: ¢ and the country’s rank: Rk) in the electricity sector in the UEMOA.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Countries

Yy Rk Yy Rk Yy RK Iy Rk ¢ RK Y RK Iy Rk Y Rk ¢ Rk ) Rk

Benin -0.01 4 -0.11 5 0.05 4 -0.02 5 -0.11 5 -0.08 5 -0.07 5 0.01 4 -0.06 4 -0.09 5
Burkina Faso -0.12 6 -0.15 6 -0.24 6 -0.15 6 -0.20 6 -0.26 6 -0.17 6 -0.17 6 -0.12 6 -0.11 6

Cote d’lvoire 0.26 1 0.28 1 0.25 1 0.29 1 0.38 1 0.35 1 0.46 1 0.43 1 0.41 1 0.45 1

Mali 0.14 2 0.23 2 0.13 2 0.06 3 0.10 2 0.11 3 0.00 4 0.00 5 -0.11 5 -0.03 4
Niger -0.30 7 -0.25 7 -0.29 7 -0.30 7 -0.31 7 -0.34 7 -0.35 7 -0.41 7 -0.46 7 -0.47 7
Senegal 0.03 3 -0.02 4 0.12 3 0.11 2 0.10 3 0.11 2 0.09 2 0.11 2 0.18 2 0.22 2
Togo -0.02 5 0.02 3 -0.03 5 0.01 4 0.05 4 0.11 4 0.08 3 0.06 3 0.17 3 0.04 3

30



By doing so, it was found that Cote d'lvoire (0.35) was the most energy secure, followed
by Senegal (0.10), Mali (0.06), and Togo (0.05). At the same time, Niger (-035) was
the worst energy secure, preceded by Burkina Faso (-0.17) and Benin (-0.05),

respectively.

On the other hand, another picture emerges when the temporal path is explored as
shown in Fig. 3. Indeed, one can analyses which country has improved the most or
least in terms of energy security by computing the change from 2010 to 2019 for all
countries (Eq. (15)). Doing so it was found that Senegal demonstrated most significant
positive change with respect to 2010 (520%) by improving from 0.03 in 2010 to 0.22 in
2019, followed by Togo (297%), Cote d'lvoire (74%) and Burkina Faso (10%). On the
other hand, other countries, including Niger (-36%), Benin (-89%), and Mali (604%),

demonstrated a decline in energy security, with Mali performing the worst.

Based on the values obtained in 2019 for the net outranking flow of energy security for
the countries, a review of the energy security trend was performed by grouping the
countries. Indeed, two groups were formed based on the values recorded for the net

flow of the energy security index (ESI):

Group 1: ESI greater than 0 (Senegal, Cote d’lvoire, Togo)

Group 2: ESI lower than 0 (Benin, Burkina Faso, Niger, Mali)

As shown in Figure 4a, within the countries of group 1, Cote d'lvoire and Senegal
generally displayed an increasing pattern, with, on the one hand, two significant
increases recorded for Cote d'lvoire in 2014 and 2016. Senegal also recorded a
significant increase after 2011, followed by a relatively stable pattern from 2012 to 2017
and another significant increase following 2017. On the other hand, Togo displayed a

more fluctuating pattern, including significant increases from 2012 to 2015 and in 2018
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and a significant decrease in 2019, preceded by relatively slight decreases from 2015

to 2017.
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¢
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Fig. 3. Energy security improvement for the UEMOA countries (% change from 2010 to 2019).

In Figure 4b, countries in group 2 demonstrated two tendencies, with Niger and Mali
showing a generally decreasing pattern over the study period and Benin and Burkina
Faso showing more fluctuating patterns. Indeed, on the one hand, despite an early
increase in 2011, Niger's performance decreased year by year for the study period with
respect to the other countries. The same trend was recorded for Mali, with some more
periodically slight increases recorded early in 2011, from 2013 to 2015, and in 2019.
On the other hand, Benin and Burkina registered fluctuating patterns, with Benin facing
a general decrease in energy security and Burkina Faso recording a general increase

in energy security with respect to the other countries.
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Fig. 4. Trends in overall energy security performances (expressed as ¢) in the UEMOA (2010-2019)

All previous analyses are made on a comparative basis, which means that, for
example, sometimes countries' best and worst performance is related not to the

improvement in the indicators' metric but to an overall deterioration in some metrics

33



(Sovacool et al., 2011). As an illustration, Table 5 on the trends in performance for the

energy security indicators for the study period can demonstrate that any country

performed well in all the indicators. Therefore, to analyze the policy implications of the

country-level findings and channel future research, the indicators' performance trends

(Table 5) were analyzed for each country below.

Table 5. Trends in performance for the energy security indicators for the study period in UEMOA

Indicators / components Benin  BurkinaFaso Cote d’lvoire Mali Niger Senegal Togo
Al. Security of supply 1 1 1 1 i) 1 i
A2. Diversity ! 1 ! 1 i) i) !
A3. Dependency i ! - l 7 - T
A4. Capacity factor ! 1 i) ) 1 ! 1
B1. Access 7 7 i 1 T T T
B2. Stability - - m - - m -
B3. Affordability of electricity 1 1 1 1 ! ! 1
B4. Electricity equality ! 1 i 7 ? 1 i
C1. Energy efficiency 1 ! ! ! ? ! !
C2. Grid efficiency 1 1 1 i) ! T i
C3. Grid Reliability 1 1 ) } ! T !
D1. Governance ! ! ) | 1 7 !
D2. Competition and market 1 1 1 } ! ) !
D3. Information access 1 - - i) 1 ! T
E1. Climate Change ! ! 1 l ! 1 !
E2. Carbon-energy intensity ! 1 1 i) ! ! T
E3. Carbon-economy intensity ! ! 1 ) ! ) 1
E4. Sustainability l 1 7 ! ! T !

1 indicates progression, | indicates regression, — indicates stability and m indicates instability.
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4.1.1. Benin
Eight indicators for the country of Benin, including diversity, capacity factor, electricity
equality, governance, and all the environmental and sustainability indicators, recorded
an overall decline within the study period. In comparison, stability remains stable, and

the lasting nine indicators recorded an overall increase.

On the one hand, the declining indicators' metrics, diversity, climate change, 'carbon-
energy intensity, and sustainability, recorded notable drops in their trends with at least
a decrease of 30% in performance. For example, the Shannon-Winner Index (SWI)
used as the metric of the diversity indicator showed a fluctuating and decreasing
pattern with a corresponding drop of 31% in performance, showing the poor diversity
of the country in terms of primary energy sources for electricity generation. Indeed,
from already a fairly poor energetic mix for electricity generation consisting only of
hydroelectricity (49%), natural gas (40%), and oil (11%) in 2010, the country saw a
progressive decline in diversity which resulted in global domination of natural gas
(75%) in 2019 (ARSE-TG, 2019). As a result, this progressive increase in the use of
fossil fuels resulted in a drop in performance in the environmental sustainability
indicators. Indeed, the per capita electricity-related emissions and the per kWh
electricity-related emissions grew respectively from 29.83 kgCO2 /capita and 0.33
kgCO2 /kWh in 2010 to 44.47 kgCO2 /capita and 0.44 kgCO2 /kWh in 2019,
corresponding to drops of 43% and 39% for the climate change and carbon-energy

intensity.

On the other hand, some increasing indicators showed a notable boost over the study
period, including dependency and affordability. Indeed, even with a reasonably
fluctuating pattern, the country's self-sufficiency (ability to meet its domestic electricity

demand) increased by 78% due to the contribution from IPPs after 2015 and the
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launching of a 129 MW power plant in 2019. Also, due to a notable increase in GDP,

electricity affordability increased by 33%.

4.1.2. Burkina Faso
For Burkina Faso, five indicators failed to increase within the study, including
dependency, energy efficiency, governance, climate change, and carbon-economy
intensity. After an increase in the early years, the country's self-sufficiency started
declining at a 9% rate per year since 2015 due to its dependency on imports from Cote
d'lvoire and Ghana to satisfy the demand. Such a situation translates into a drop in
performance of 24% for the study period. The dependence on Ghana and Cote d'lvoire,
which have fossil fuel shares increasing in their energetic mix over the study period,
also translates into decreasing performance for the environmental indicators. The
electricity emission per capita increased, for example, by 37% within the study period.
Also, mainly due to the country's political instability, governance performances keep
dropping for the period study at a rate of 12% per year until 2019, resulting in an overall

decrease of 112%.

On the other hand, even if they have recorded a non-negligible boost over the period,
the values of some indicators' metrics, including the security of supply, access to
electricity, electricity affordability, and grid reliability, remain low for energy security.
For example, from 60.88 kWh supplied per capita in 2010, the country reached 97.08
kwWh in 2019, corresponding to a 50% change within the study period. However, even
with such an increase, the electricity supplied per capita remained low with respect to
the other countries of UEMOA and compared to that in the world. The same can be
said for the electricity access indicator, which grew by 39% with respect to 2010 but
remains insufficient as only 23% of people had access to electricity in 2019. Similarly,

even though a fluctuating pattern was found for the grid reliability, a global increase of
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51% (with respect to 2010) was recorded. However, it remains insufficient as users
experienced 86 hours of blackout in 2019, far from the objectives of less than 50 hours

set (ARSE-BF, 2019).

4.1.3. Cote d'lvoire
The Cote d'lvoire, which was demonstrated to be the most energy secure with respect
to the other countries, revealed a drop in performance for two indicators’ metrics,
including diversity and energy efficiency. Indeed, with already a poor energetic mix for
electricity generation consisting of the majority of natural gas (62%), followed by
hydroelectricity (29%) and oil (9%), the country the Shannon-Winner index dropped by
28% from 2010 to 2019 due to a reduced diversity (natural gas rose to 67%, while oll
almost disappeared). Also, with a more stable but increasing GDP produced per capita
and quasi-constantly increasing electricity supplied per capita (38% in the study

period), energy efficiency drops as energy intensity increases by 7%.

Also, although an increase was recorded for some indicators' metrics, they still need
to be considered for energy security enhancement. For example, despite an increase
in the performances of the governance indicator, which saw its metric (Worldwide
governance rating) increase by 55% within the period study, the value of the latter is
still at -0.56, indicating presence of corruption, poor regulatory system, political
instability or government ineffectiveness. For example corruption increased by 24%

between 2014 and 2019 (Keulder, 2021).

4.1.4. Mali
Numerous indicators' metrics demonstrated decreasing trends, which translated
probably in the country being the worst performer in terms of energy security change

over the study period. Indeed, as seen in Table 5, ten indicators saw their metrics
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showing decreasing trends from 2010 to 2019, including all the regulation and
governance and environmental sustainability indicators. For example, to supply the
constantly increasing demand (electricity supplied per capita increased by 69%), the
country switched from hydroelectricity, representing 57% of the offer in 2010, to
imports from Cote d'lvoire which electricity mix is dominated by natural gas (67%). As
a result, the country's self-sufficiency dropped by 20%. Moreover, this increased the
environmental indicators’ metrics. For example, emissions per capita increased by

133% over the period study, and carbon-energy intensity increased by 109%.

On the other hand, although they demonstrate increasing trends, numerous indicators'
metrics remain low for energy security. For example, security supply and electricity
access, whose metrics increased the most (by 69% and 88% respectively), still show
lower energy security performances as only 48% of the population had access to
electricity in 2019, with electricity supplied per capita still at 136.23 kWh. These values

remain low compared to the rest of the world and some of the countries of the Union.

4.1.5. Niger
Probably being the cause of Niger remaining the worst energy security performer with
respect to the others country, half of the indicators have seen their metrics showing
declining trends within the period study. The notable declines were recorded for the
efficiency and reliability indicators and those of environmental sustainability. Indeed,
with the demand keeps increasing (supplied electricity per capita increased by 52%)
over the study period, the performances of the grid, on the other hand, demonstrated
deteriorating trends, with losses in the electric system increasing from 19% in 2010 to
24% in 2019 corresponding to a drop in efficiency by 26%. Furthermore, the reliability
also drops by 19% from 2017 to 2019. This can be explained by the inability of the

material/technology of the grid to follow the increasing demand for many reasons,
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including lack of good management, poor planning or lack of investment, or poor
maintenance of the material. Also, with a high penetration of fossil fuels on the mix of
primary energy used to generate electricity: 77% (ARSE-NE, 2019), all the metrics of
the environmental indicators demonstrated declining trends with, for example, the per

capita electricity-related emission of CO2 increasing by 65% over the study period.

Despite demonstrating increasing trends, the other indicators' metrics still indicate
lower energy security performance. Indeed, supplied electricity per capita and access
to electricity increased by 52% and 56%, respectively, over the study period. However,
in 2019, such values of 58.63 kWh/capita and 13.60% remained the Union's and the
World's lowest. Efforts are therefore needed in this way for energy security. The
country's self-sufficiency in satisfying the domestic demand increased by 91% with
respect to 2010. However, the country remains dependent at 70% from the neighboring

countries, including Nigeria, in 2019 (NERC, 2019).

4.1.6. Senegal
For the trends in performance for the indicators in Senegal, on the one hand, five
indicators saw their metrics recording a decrease in their trends, including capacity
factor, affordability of electricity, 'energy efficiency, and 'climate change. Indeed,
despite the decline in the use of fossil fuels (4% from 2010 to 2019), Senegal remains
the country with the most significant share of primary fossil energy for electricity
generation (86%). This translates into Senegal being the country with the most
considerable emissions in the Union, resulting in decreasing trends for climate change
and carbon-energy intensity as the carbon emissions per capita and per kWh

increased by 8% and 21%, respectively, for example, over the study period.
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On the other hand, some indicators recorded performance boost over the study period,
including, for example, governance, diversity, grid reliability, and ‘electricity equality.
For example, from a poor primary energy mix (oil 90% and hydroelectricity 10%) in
2019, the country switched to a more diverse mix (oil, photovoltaic solar, coal, and
hydroelectricity) in 2019. This helps increase the Shannon-Winner index by 105% over
the study period. Also, 'electricity equality’ increased by 39% for the period study, and
the value of 11.47%, representing the share of electricity use in the total energy
consumed in the country in 2019, demonstrated to be the best performance of the
UEMOA as electricity use still have very low shares in energy consumption for the

Union's countries.

4.1.7. Togo
For Togo, metrics of seven indicators recorded decreasing trends during the study
period, including diversity, energy efficiency, grid reliability, governance, competition
and market, climate change, and sustainability. For example, with a constantly
increasing demand (supply of electricity per capita), the grid reliability showed
fluctuating but overall decreasing patterns, with users shifting from experiencing 24.80
hours of blackout in 2010 to 78 hours in 2019, indicating a drop in grid reliability at a
rate of 215% within the study period. In addition, poor diversity was also recorded as
the SWI dropped by 37% within the study period. Indeed, Togo, like many countries in
UEMOA, Togo still demonstrates a poor mix of primary energy sources for electricity

generation (hydroelectricity: 28% and natural gas: 71%).

Also, even though some indicator metrics showed increasing trends, they still do not
indicate good performances for energy security. For example, the country's worldwide
governance rating keeps a quasi-increasing trend at a rate of 14%, with its value

switching from -0.87 in 2010 to -0.75 in 2019. However, such a value still indicates
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poor governance, with corruption, for example, recording an increase of 21% since

2014 (Keulder, 2021).

4.2. Limitations of the study
In order to fill the gap of insufficient quantitative analyses on the energy security
situation in Sub Saharan Africa, especially for a common characteristics-group of
economies that constitutes the UEMOA countries, this study undertakes an energy
security assessment to provide insights on the current performances and trends of the
UEMOA countries in terms of energy security for the electricity sector. However, due

to numerous factors, the findings are limited by some restrictions given below.

First, the conceptualized framework encompasses a fairly complete set of critical
dimensions and indicators of energy security which are adapted to the energy situation
of the countries. However, these were chosen taking into account the availability of
data, which was crucial for completing the analysis. Indeed, some of potential
indicators were omitted due to unavailability of data for the UEMOA countries. Other
future studies should therefore upgrade the current framework, when more data is

available for the countries.

Also, the Fuzzy AHP in this study helps giving weights to the dimensions and
indicators, which are considered in some extent a subjective approach by the literature.
To overcome this limitation, more objective approaches such as the use of factor
analysis tools such as principal component analysis (PCA) can be used by future
research to identify the relative importance of indicators by variation in assigning

weight.

Moreover, another limitation of this study is that the mutual effect between different

dimensions and indicators was not considered. This is something that future
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researchers should address. The Analytic Network Process or Decision Making and
Trial Evaluation Laboratory can for example be used as they are very good tools for

analyzing the relationship between different dimensions and indicators

Finally, although such limitations can be numbered, the conceptualized framework is
a significant contribution to rare existing literature on energy security in the global
south, and can therefore, help evaluate the energy security performance for different
regions or countries, especially those sharing similar characteristics to the UEMOA

countries.

5. Conclusions and policy implications

This paper designed a five-dimension framework- availability and diversity, affordability
and equality, efficiency and reliability, regulation and governance, and environmental
sustainability - to assess the energy security (ES) within the electricity sector in the
UEMOA. The five dimensions were correlated to 18 indicators, with a Fuzzy Analytical
Hierarchal Process (FAHP) used to determine the weights of both dimensions and
indicators. In order to quantify the energy security performances and identify the ES
challenges facing the UEMOA countries in the electricity sector, the energy security
framework was analyzed using Fuzzy AHP and the PROMETHEE method. The results
suggest gaps in ES performances among the countries with some salient challenges

to tackle for enhancing energy security within the electricity sector in the UEMOA.

Cote d'lvoire was the most secure country in the UEMOA, followed by Senegal, and
Togo in 2019, whereas Benin, Burkina Faso, and Niger still require more effort to
secure their electricity sectors as they were ranked among the latest. Mali, which was
more secure in the early years, showed declining ES in recent years. This makes the

country the worst performer of the UEMOA in terms of change in ES for the study

42



period, preceded by Niger and Benin, respectively. On the other hand, Senegal
demonstrated to be the best performer in terms of progress in ES, followed by Togo,

Cote d'lvoire, and Burkina Faso.

In terms of trends of ES, the countries displayed various patterns. However, none of
them performed well in all the indicators of the ES framework, meaning that, as in
previous studies (Sovacool et al., 2011; Zhang et al., 2017), energy security was shown
to be driven by not only one factor but is a multi-factorial concept. It also means that
efforts are still necessary for all countries to enhance ES in the electricity sector.
Therefore, the policy implications of the results are discussed country by country as

shown in Table C1, some of which are given in short below.

First, our results suggest that most of the countries in the UEMOA have low
governance and regulation ratings. Therefore, improving governance is urgently
needed to enhance energy security within the electricity sector in the UEMOA. At
present, all UEMOA countries are suffering from governance issues, including
ineffectiveness, large scale corruption, political instability, weakened regulatory
systems, and hard investment climate. Such issues translate in the electricity sector
into a lack of proper planning and investment on the one hand and planning and
implementation of suitable policies on the other hand. Therefore, attention is needed
on investment, but also on implementing both primary and innovative policies,
including, for example, the liberalization of the sector or promotion of a more
competitive market, the rethinking of the investment of the private sector, the promotion
of incentive programs, and more regional collaborations among the UEMOA countries.
Such actions would help enhance energy security by solving primary issues like access

to electricity services at affordable and stable prices.
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Second, our results reveal that poor diversity in the choice of energy sources, with high
penetration of fossils primary energies (71.6% in the UEMOA in 2019), is another
weakness of ES in many countries of the UEMOA, including specifically Cote d'lvoire
the best ES performer, but also the likes of Benin, and Togo. Results also
demonstrated that the two latter countries suffer from low self-sufficiency in satisfying
the domestic demand, along with Burkina Faso and Niger. Therefore, increasing
generation capacity with a higher penetration of renewable energy sources and making
proper planning and investment (including R&D) in more reliable electricity generation
technology/material will help reduce the countries' vulnerability to service disruptions
and improve security within the electricity sector. Indeed, the UEMOA region has
consistent renewable energy potential (Suberu et al., 2013). Therefore, proper

planning and investment in this way, should be a primary move for these countries.

Furthermore, our results identified energy efficiency as another important weakened
factor of ES within the electricity sector in the UEMOA. In this way, efforts are still
needed from all the UEMOA countries, as the results showed decreasing trends for
most countries' efficiency and reliability indicators. The electricity system and
infrastructure in the UEMOA still consist of old and unreliable materials and technology.
This situation, combined with the non-optimized positioning of the generation centers
concerning the consumers, leads to high losses, representing 21% of the total
electricity consumed in the Union. Moreover, a lack of policies and education about
energy efficiency also leads to losses on the consumer side. Therefore, the planning
and implementation of proper energy efficiency policies and measures, as well as
adequately planned (simple and R&D) investments for upgrading electricity
infrastructures and developing new and more reliable and efficient technologies, will

play a vital role in tackling the energy efficiency issues to enhance ES within the
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UEMOA. In addition, off-grid generation and individual solutions such as electrification
kits can also play a vital role in reducing the grid's high losses by reducing the distances

between production centers and consumers.

Finally, attention should also be paid to environmental issues, as the results
demonstrated environmental concerns for the countries, which are still highly
dependent on fossil fuels. Therefore, cleaner production methods and efficient
consumption are essential, and prioritizing renewable sources for electricity generation
appears to be a key solution. In addition, developing environmental policies and
measures and promoting education on the importance of the environmental
component should also be priorities for ensuring sustainable development in the

UEMOA.

The five-dimension framework proposed in this paper can be seen as another
contribution to the existing literature on energy security, especially for future studies
on energy security assessment in the global south. Moreover, it could be extended to
other developing countries that share common characteristics with the UEMOA

countries.
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Appendix A. The Fuzzy sets theory and operations

Sets whose elements have degrees of membership are known as Fuzzy sets. In a
universe of discourse X, a fuzzy number a is a fuzzy subset of X such that for all x € X,
there is a number pu;(x) € [0, 1] assigned to represent the membership of x to d@. Such
a number is called the membership function of a. The triangular fuzzy number (TFN),
which can be expressed as a triplet (a!,a™, a%), is usually used in fuzzy studies. The
membership function associated with such a number is defined as shown by Eq. (Al).
Eqgs. (A2) - (A8) display the operational laws of two TFNs a@ = (a!,a™,a*) and b =

(b%, b™, b¥) (Sun, 2010).

l

x-a . 1 m
m, a"<x<a
pa(x) = a‘-x  m u (AL)
s & SX=a
0; Otherwise

Addition of the two fuzzy numbers
adb=(a,a™a*) @ (b, b™ b*) = (a' + b',a™ + b™, a* + b*) (A2)
Subtraction of the two fuzzy numbers
aob=(a,a™a*) © (b, b™ b*) = (a'! — b",a™ — b™,a* — b*)  (A3)
Multiplication of the two fuzzy numbers
d®b = (a'a™ a*) @ (b, b™, b*) = (a'b!,a™b™, a*b*)  (A4)
Division between the two fuzzy numbers
a@b=(a,a™a") @ (b, b™ b*) = (a'/b%, a™/b™, a*/b")  (A5)
Reciprocal of one fuzzy number a
at=(a,a™a*) "t = (1/a% 1/a™ 1/a"*) (A6)
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Multiplication between the fuzzy number @ and a real number k
kxa=k x(aa™ a*) = (ka', ka™, ka“) (A7)

Where a!, bt, a™, b™, a*, b* are real numbers and standing respectively for the

corresponding lower (I), middle (m), and upper (m) values of the two fuzzy numbers.

Appendix B. pair wise comparisons and fuzzy AHP results

In this study, twenty-three stakeholders helped make the judgment matrices using
linguistic terms as it can be seen in Tables B1-B6. Then, the pairwise comparisons
were translated into fuzzy scales for each stakeholder (using Table 2) and averaged
fuzzy judgment matrixes were derived from them, as shown in Tables B7-12. Finally,
the geometric mean and the fuzzy weights concerning the factors were determined

using Egs. (3)-(5) and presented in Table 3.

Appendix C. Challenges of energy security and policy implication

The Table C1 below present country by country, the challenges of energy security
drawn from the results of the study, the actual policy background of the countries, and
the policy implications for addressing the challenges and enhance therefore, energy

security within the electricity sector in UEMOA.
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Appendixes’ Tables

Table B 1. Judgment matrix (of one stakeholder) with respect to the five dimensions of energy security.

A B C D E
A E E RM VS S
B E E VS VS VS
C M RVS E VS S
D RVS RVS RVS E RVS
E RS RVS RS VS E

A: availability and diversity, B: affordability and equality, C: efficiency and reliability, D: regulation and

governance, E: environmental sustainability.

Table B 2. Judgment matrix (of one stakeholder) with respect to Availability and diversity.

Al A2 A3 A4
Al E RM VS S
A2 M E S E
A3 RVS RS E RS
A4 S E S E

Al: security of supply, A2: diversification, A3: dependency, A4: Availability of power plants

Table B 3. Judgment matrix (of one stakeholder) with respect to affordability and equality.

Bl B2 B3 B4
Bl E VS E E
B2 RVS E E E
B3 E E E E
B4 E E E E

B1: access, B2

: stability, B.3: affordability of electricity, B4: electricity Equality
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Table B 4. Judgment matrix (of one stakeholder) with respect to efficiency and reliability.

C1 c2 C3
C1 E 1M 1/s
c2 M E 1/s
C3 S S E

C1: energy efficiency, C2: grid efficiency, C3: grid Reliability

Table B 5. Judgment matrix (of one stakeholder) with respect to regulation and governance.

D1 D2 D3
D1 E A E
D2 RA E RVS
D3 E VS E

D1: governance, D2: collaboration, D3: competition and markets, D4: information access

Table B 6. Judgment matrix (of one stakeholder) with respect to environmental sustainability.

El E2 E3 E4
El E E M RS
E2 E E RS RM
E3 RM S E RS
E4 S M S E

E1: climate change, E2: emission-energy intensity, E3: emission-economy intensity, E4: sustainability
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Table B 7. Averaged fuzzy comparison matrix with respect to the five dimensions.

A

B

C

D

E

o O W

m

(1.00, 1.00, 1.00)
(0.46, 0.54, 0.64)
(0.56, 0.67, 0.81)
(0.47, 0.56, 0.67)

(0.47, 0.54, 0.63)

(1.55, 1.84, 2.17)
(1.00, 1.00, 1.00)
(0.59, 0.68, 0.80)
(0.72, 0.85, 1.01)

(0.55, 0.61, 0.68)

(1.24, 1.49, 1.78)
(1.26, 1.46, 1.70)
(1.00, 1.00, 1.00)
(0.63, 0.74, 0.87)

(0.71, 0.79, 0.88)

(1.48, 1.80, 2.12)
(0.99, 1.17, 1.40)
(1.15, 1.36, 1.60)
(1.00, 1.00, 1.00)

(0.72, 0.83, 0.95)

(1.60, 1.85, 2.11)
(1.46, 1.64, 1.82)
(1.14, 1.27, 1.40)
(1.05, 1.21, 1.39)

(1.00, 1.00, 1.00)

Table B 8. Averaged fuzzy comparison matrix with respect to Availability and diversity.

Al

A2

A3

A4

Al

A2

A3

A4

(1.00, 1.00, 1.00)
(0.53, 0.64, 0.77)
(0.55, 0.62, 0.71)

(0.55, 0.61, 0.68)

(1.31, 1.57, 1.89)
(1.00, 1.00, 1.00)
(1.05, 1.24, 1.43)

(1.48, 1.74, 2.00)

(1.40, 1.62, 1.82)
(0.70, 0.81, 0.96)
(1.00, 1.00, 1.00)

(0.86, 0.99, 1.12)

(1.46, 1.64, 1.81)
(0.50, 0.57, 0.68)
(0.89, 1.01, 1.17)

(1.00, 1.00, 1.00)

Table B 9. Averaged fuzzy comparison matrix with respect to affordability and equality

Bl

B2

B3

B4

Bl

B2

B3

B4

(1.00, 1.00, 1.00)
(0.44, 0.51, 0.58)
(0.77, 0.83, 0.91)

(0.29, 0.34, 0.42)

(1.72, 1.98, 2.26)
(1.00, 1.00, 1.00)
(0.69, 0.83, 0.98)

(0.34, 0.40, 0.48)

(1.10, 1.20, 1.30)
(1.02, 1.21, 1.44)
(1.00, 1.00, 1.00)

(0.28, 0.33, 0.40)

(2.38, 2.93, 3.50)
(2.09, 2.51, 2.93)
(2.47, 3.04, 3.60)

(1.00, 1.00, 1.00)

Table B 10. Averaged fuzzy comparison matrix with respect to efficiency and reliability

C1

Cc2

C3

C1

C2

C3

(1.00, 1.00, 1.00)
(0.97, 1.21, 1.47)

(2.10, 2.53, 2.97)

(0.68, 0.83, 1.03)
(1.00, 1.00, 1.00)

(1.05, 1.19, 1.35)

(0.34, 0.40, 0.48)
(0.74, 0.84, 0.96)

(1.00, 1.00, 1.00)
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Table B 11. Averaged fuzzy comparison matrix with respect to regulation and governance

D1 (1.00, 1.00, 1.00)
D2 (0.43, 0.50, 0.59)

D3 (0.56, 0.61, 0.69)

(1.70, 1.98, 2.30)
(1.00, 1.00, 1.00)

(0.89, 1.05, 1.23)

(1.46, 1.63, 1.79)
(0.82, 0.96, 1.12)

(1.00, 1.00, 1.00)

Table B 12. Averaged fuzzy comparison matrix with respect to environmental sustainability

El

E2

E3

E4

El

E2

E3

E4

(1.00, 1.00, 1.00)
(0.39, 0.45, 0.53)
(0.43, 0.49, 0.59)

(0.70, 0.78, 0.88)

(1.89, 2.23, 2.55)
(1.00, 1.00, 1.00)
(0.91, 1.02, 1.14)

(1.18, 1.32, 1.48)

(1.70, 2.03, 2.32)
(0.88, 0.98, 1.10)
(1.00, 1.00, 1.00)

(0.99, 1.12, 1.27)

(1.14, 1.28, 1.42)
(0.68, 0.76, 0.85)
(0.79, 0.89, 1.01)

(1.00, 1.00, 1.00)
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Table C 1. Policy implications driven from the study’s results for energy security enhancement in the UEMOA

Weaker points identified from the

Policy background of the country: Actions,

Actual (policy) state and achievements

Future policy recommendation for

Country study’s results to boost for ES objectives, policies / measures introduced,
in the country ES enhancement
enhancement predicted or in vigor about the points identified
Benin a) Low availability of domestic power plants a) Release of the national development plan (PAG) a) Only 129 MW of thermal (natural gas and &) Increase of capacity generation with

and poor diversity in primary energy mix for
electricity generation. High dependency (low
self-sufficiency) on import for domestic
demand satisfaction

b) High losses and lower efficiency in the
electric system

c¢) Low share of electricity use in total energy
consumption

d) Low governance ratings (despite increase
over the study period)

e) Non-negligible emissions indices due to

high penetration of the fossil fuels

and the national plan of renewable energies (PANER
2015), targeting in other things the increase in
renewable power capacity by 425 MW by 2020: 150
MW for PV and biomass, 275 MW of hydroelectricity
and increase in total power capacity by 723 MW by
2024.

b) Adoption of the National Policy on Energy
Management (PONAME-2009) and the release of the
National Plan of Energy Efficiency (PANEE 2015) with
the aims in other terms of: the reduction of the losses
in the grid to 14 % by 2020 (and to 8% by 2030) and
the adoption of standards on energy efficiency (5) and
appliance labelling (2).

c) Release of the National Plan of Energy Efficiency
(PANEE 2015) and the National Electrification Master

Plan with the aims in other terms of increasing of the

oil) power added on the grid in 2019. No
major addition of any renewable power
added in the electric system before 2019.

b) Adoption of only one law on the energy
efficiency in the country and design of also
one standard on

appliance labeling.

Implementation of low-scale programs
energy efficiency (distribution of efficient
lighting in urban zones)

¢) Access to electricity still at 32.7% in 2019
d) Reduction of corruption by 53% in the
institutions and increase in liberalization of

the electricity sector (increase in production

from the IPP)

priority for diversity (renewable
energies in prior), adjustment of the
institutional framework to enhance the
installation of IPPs and rethink of the
foreign and private investment in the
sector (lower the procedures for
example).

b) Replacement and improvement of
electricity material/infrastructure and
maintenance planning for use.
Planning and implementation of R&D
for a better future exploitation. Proper
design and implementation of energy
efficiency policies including incentives

policies for efficient and cleaner use on

the customer side.
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access to electricity to 50% by 2020 and to 75% by
2030.

d) Adoption of numerous law and decrees for
administration  enhancement (2), participation
enhancement (1), Corruption reduction (1) and
Justice enhancement (1)

e) Initiation of 2 sub-programs for energy transition
(switching progressively from fossil to cleaner fuels)
and development of a monitoring/regulation

mechanism for emissions (carbons taxes).

¢) Rethinking and proper planning of
the strategies for increasing access to
electricity by encouraging for example
off-grid generation and distribution in
remote areas for avoiding losses or
implementing  individual  solutions
(electrification kits). Adjustment of the
investment climate for encouraging
competition for electricity distribution.
d) Enhancement of the institutional
and regulatory frameworks.

e) Increasing information on the
environmental issues, design and
implementation of environmental
standards for production and use of
energy, implementation of incentives
measures for users. Adjustment of the
sector's climate to incorporate the
environmental components into the
policies/measures and the investment

in the projects.
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Burkina Faso

a) Low rates of electricity supply and
increasing dependency on imports for
domestic demand satisfaction

b) High energy intensity

¢) Low access to electricity and low share of
electricity use in total energy consumption
d) Deteriorating governance ratings

e) Lower affordability of electricity

f) Non-negligible emissions indices

a) Design and release of the national plan of
economic and social development (PNDES 2016) and
the national plan of renewable energies (PANER
2015) targeting in other things the addition of 118 MW
power capacity of renewable energy type by 2020 and
increase in total power capacity to 1000 MW.

b) Releasing of the National Plan of Energy Efficiency
(PANEE 2015) with in other things the aim of reducing
electricity intensity.

c¢) Design and release of the national plan of economic
and social development (PNDES 2016) aiming to
increase to 45% the rate of access to electricity by
2020 through various strategies.

d) Adoption of law and decrees for administration
enhancement (2),

Corruption reduction (1) and

programs to enhance security.

a) Only 50 MW of thermal (oil) power added
on the grid in 2019 and 31 MWc of
renewable power (solar PV) added on the
grid in 2017

b) Adoption of only one law on the energy
efficiency in the country and the distribution
of efficient lighting in urban zones, with
electricity intensity still high.

c) Access to electricity remains among the
lowest of the Union and the global South in
2019 (28.7%).

d) Corruption instead increases by 19%
from 2014 to 2019 and increase of insecurity
and political instability.

e) Electricity services still remains among
the most expensive in the union and in the

south region.

a) Increase of capacity generation with

priority for diversity (renewable
energies especially), adjustment of the
institutional framework to encourage
competition (the implementation of
IPPs) and make the investments
procedures easier and rethink of the
foreign and private investment in the
sector.

b) Design and implementation of
policies aiming the use of cleaner
technology/methods for electricity
production and policies (incentive)
encouraging cleaner and efficient use
on the customer side.

c) Rethink of the electrification
programs:  off-grid generation and
distribution in remote areas (rural

areas) for avoiding losses and

individual solutions (electrification kits)
and

improvement  of  electricity
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material/infrastructure. Planning and
implementation of R&D for a better
future  exploitation. Design and
implement incentives policies for auto-
production and use.

d) Rethink the governing strategies in
the country: Try first to review/improve
the management of administrations,
the institutional/juridical/regulatory
frameworks and review the security
situation for improving political stability
and for re-attracting investors.

e) Develop and implement policies for
prioritizing the use of more affordable
fuels (renewable/biofuels) for
production and adjustment of the
climate in the electricity sector for
encouraging auto-production and use
on the customer side with incentives
measures for use of the more

affordable fuels, liberalization of the
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sector for encouraging competition
and therefore quality and affordability
of the services provided.

f) Increasing information on the
environmental issues, design and
implementation of environmental
standards for production and use of
energy, implementation of incentives
measures for users. Adjustment of the
sector's climate to incorporate the
environmental components into the
policies/measures and the investment

in the projects.

Cote d’lvoire

a) Poor diversity in the mix of the primary
energy sources use to generate electricity.
b) Instability of the prices of the electricity
services.

c) High electricity intensity.

d) High indices of emissions.

a) Release of the national plan of renewable energies
(PANER 2016) and the national strategy for the
enhancement of the electricity sector aiming the
introduction of renewable energies including solar PV
and biomass (a total of 260 MW by 2020) and
increase of production from hydroelectricity (426 MW

by 2020) and increase in total capacity by 3762 MW

a) Only 245 MW of hydroelectricity added on
the electric system. No major addition of any
other renewable energy type (solar PV or
biomass) of power on the electric system.
b) Electricity services tariffs remain instable
since 2014.

¢) Launching of the distribution of the

efficient lighting in urban zones, adoption of

a) Increase of capacity generation with
priority for diversity (renewable
energies especially). Adjustment of the
investment climate to encourage the
electricity  production by  using
renewable primary sources and
increase competition in the sector for

increasing also diversity in supply.
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until 2030 within which renewable energy represents
35%.

b) Adoption of a decree establishing the rules for
determining and revising the tariffs for the sale and
purchase of electrical energy as well as the rules for
access to the network and energy transit.

c) Release of a national plan for energy efficiency
(PANEE 2016) aiming in other things, the reduction of
the electricity intensity by employing actions such as
improvement of the material of the electric grid for
reduction of the losses to 16% by 2020, the
distribution of efficient lighting, replacement of the
fixtures of public lighting and the increasing of the
standards, decrees and laws on energy efficiency
(14).

d) The environmental intervention strategy focuses on
the development of renewable energy for electricity,
the dissemination of improved stoves in rural and peri-

urban areas.

numerous laws and decrees on the energy
management (1), energy efficiency (1),
appliance labeling (1), and in favor of the
creation of institutions for enhancing the

management in the electricity sector (1).

b) Make a better prediction of the
market and the prices of the primary
energies sources and make a good
planning of the offers to stabilize the
price of the electricity services.

¢) Rethink and design of proper energy
efficiency  policies/measures  and
enhancement of the institutional and
regulatory frameworks to help for the
implementation and success of the
policies. Increase of information about
energy efficiency attitudes and
implementation of incentive policies on
the customer side for encouraging
efficient attitudes.

the

d) Increasing information on

environmental issues, design and

implementation of environmental
standards for production and use of

energy, implementation of incentives

measures for users. Adjustment of the
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sector's climate to incorporate the
environmental components into the
policies/measures and the investment

in the projects.

Mali

a) Decreasing diversity in production and
supply and increasing dependency on
imports for domestic demand satisfaction

b) High energy intensity and decrease in
reliability within the electricity system

c) Deteriorating governance ratings and lack
of competition in the electricity sector’s
market

d) Non-negligible emissions indices due to
increasing share of the fossil fuels within the

energetic mix.

a) Release of the national plan of renewable energies
(PANER 2015), the national strategy for the
development of energy management, the national
strategy for the enhancement of electricity access
sector and the Optimal Investment Master Plan
(PDOI) aiming in other things, the increase in power
capacity with priority for diversity and especially
renewable energies including solar PV, biomass and
hydroelectricity (472 MW by 2020), increase of
production from hydroelectricity (426 MW by 2020)
and increase in total capacity by 1272 MW until 2025
within which renewable energy represents 38%.

b) Release of a national plan for energy efficiency
(PANEE 2015), the national strategy for the
development of energy management and the
Sustainable Energy for All Investment Prospectus

aiming in other things, the reduction of the electricity

a) Increase in power by only 295 MW with
thermal sources dominating (268 MW) and
renewable addition consisting only of
hydroelectricity (27MW). No major addition
of any renewable power (Solar PV or
biomass) in the electric system before 2020
mainly due to increase in political instability
and the weakening of the institutional
framework.

b) Implementation of low-scale programs
energy efficiency (distribution of efficient
lighting in urban zones, distribution and
installation of solar kits in rural zones).

c) No installation or major
operation/investment of any IPP within the
electricity sector during the study period

probably due to overall increase political

a) Increase of capacity generation with
priority for diversity (renewable
energies especially), and rethink of the
foreign and private investment in the
sector. Increase the security situation
and the institutional framework and re-
adjust the investment climate to
encourage the electricity production by
using renewable primary sources and
also competition for diversity in supply.
b) Design and implementation of
policies aiming the use of cleaner
methods for electricity production, and
policies (incentive) encouraging the
cleaner use on the customer side.

Rethink of the electrification programs:

individual solution (electrification kits),
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intensity by employing actions such as improvement
of the material of the electric grid for reduction of the
losses to 14% by 2020 and 10% by 2030, the
distribution of efficient lighting, replacement of the
fixtures of public lighting and the increasing of the
standards, decrees and laws on energy efficiency,

appliance labelling and purchasing (19).

instability, increase of insecurity and also

corruption (45%, the highest of the Union).

off-grid generation and distribution in
remote areas (rural areas) for avoiding
losses and improvement of electricity
material/technology. Planning and
implementation of R&D for a better
future  exploitation. Design and
implement incentives policies for auto-
production and use.

c) Rethink the governing strategies in
the country: Try first to review/improve
the management of administration,
review the functioning and enhance
the regulatory and institutional
framework, review the security
situation for improving political stability
and re-attracting investors.

f) Increasing information on the
environmental issues, design and
implementation of environmental
standards for production and use of

energy, implementation of incentives
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measures for users. Adjustment of the
sector's climate to incorporate the
environmental components into the
policies/measures and the investment

in the projects.

Niger

a) Low ratings of security of supply and

access to electricity and increasing

dependency on imports for domestic
demand satisfaction

b) Decrease in efficiency and reliability
within the electricity system

c) Low governance and regulation ratings
and lack of competition in the sector

d) High emissions indices due to increasing

penetration of the fossil fuels

a) Release of the national plan of renewable energies
(PANER 2015) and the national strategy for electricity
access enhancement (SNAE) aiming in other things,
the increase in power capacity with priority for
diversity and especially renewable energies including
solar PV, hydroelectricity (205 MW by 2020), increase
in total capacity by 1,015 MW by 2025 and a rate of
access rate to electricity of 80% by 2035. Creation of
the national agency for rural electrification (ANPER)
for a focus on the rural access to electricity in 2011.

b) Release of the national strategy for electricity
access enhancement (SNAE) for rethinking of the
electrification strategies to avoid losses and lack of

reliability.

a) Addition of only 7 MWc of solar type
capacity in 2018 and 153 MW of thermal
type capacity and increase of access to only
13.60 % in 2019, which remains the lowest
in the Union.

b) No significant changes in lack of
efficiency and reliability of the electric
system technology or material.

c) No installation or major
operation/investment of any IPP within the
electricity sector during the study period
probably due to increase in political
instability,

increase of insecurity and

corruption (9%).

a) Increase of capacity generation with

priority for diversity (renewable
energies especially), and rethink of the
foreign and private investment in the
sector. Adjustment of the investment
climate to encourage the electricity
production by using renewable primary
sources. Rethink the strategies and
make a proper planning for funds
dedicated to increase access to
electricity.

b) Replacement and improvement of
electricity material/infrastructure and
maintenance planning for use.
Planning and implementation of R&D
future

for a better exploitation.
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c) Release of the country electricity code for with in
other things, the setting the conditions of operation of

the IPPs in 2016.

Increase of information  about
importance of efficient use and proper
design and implementation of energy
efficiency policies including incentives
policies for efficient and cleaner use on
the customer side.

¢) Rethink the governing strategies in
the country: Try first to review/improve
the management of administrations,
review the security situation for
improving political stability and re-
attract  investors. Review and
eventually reduce  barriers to
investment, for example, by simplifying
investment procedures,

f) Increasing information on the
environmental issues, design and
implementation of environmental
standards for production and use of
energy, implementation of incentives

measures for users. Adjustment of the

62



sector's climate to incorporate the
environmental components into the
policies/measures and the investment

in the projects.

Senegal

a) Decreasing availability of the power plants
due old and unreliable material.

b) Instability of the prices of the electricity
services and decrease in affordability of the
electricity services.

c) Increasing electricity intensity

d) Poor emissions indices due to increasing

penetration of the fossil fuels

c) Release of a national plan for energy efficiency
(PANEE 2015) aiming in other things, the stabilization
of the electricity intensity to 0.429 kWh/$US by
employing actions such as improvement of the
material of the electric grid for reduction of the losses
to 3% by 2020, the distribution of efficient lighting,
replacement of the fixtures of public lighting and the
increasing of the standards, decrees and laws on
energy efficiency (27). Creation of the national agency
for energy management in 2011 (AEME) and the
national agency of the renewable energy (ANER) in

2013.

¢) no significant change (despite the
launching of the programs of distribution of
the efficient lighting fixtures) due to
numerous identified barriers within which
the lack of information about importance of
efficiency in use, unavailability of public
funds, high cost of opportunity, and the lack
of a good

regulatory and juridical

framework.

a) Planning and implementation of
R&D for a better exploitation through
technology and material upgrade.
Design and implementation incentives
policies for auto-production and use.

b) Make a better prediction of the
market and the prices of the primary
energies sources and make a good
planning of the offers to stabilize the
price of

the electricity services.

Increase  competition  within  the
distribution for increasing diversity,
quality and affordability in service
providing.

¢) Rethink the institutional and
regulatory frameworks of the sector,

increase of information about efficient
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attitudes and implementation of
incentive policies on the customer
side, reduce barriers to investment,
for example, by simplifying investment
procedures,

f) Increasing information on the
environmental issues, design and
implementation of environmental
standards for production and use of
energy, implementation of incentives
measures for users. Adjustment of the
sector's climate to incorporate the
environmental components into the

policies/measures and the investment

in the projects.

Togo

a) Lack of diversity in supply.

b) High electricity intensity and decrease in

reliability within the electric system

c) Low governance ratings and lack of

competition in the market of the sector

a) Release of the national plan of renewable energies
(PANER 2015) aiming in other things, the increase of
the power capacity by renewable energies including
solar PV and hydroelectricity (65 MW) by 2020 and
increase share of renewable energies in total capacity

to 45.5% MW until 2030 to diversify the mix. Adoption

a) No major adds of any renewable power
added in the electric system before 2020

b) No significant change (despite the
launching of the programs of distribution of

the efficient lighting fixtures).

a) Increase of capacity generation with
priority for diversity (renewable
energies in prior), and rethink of the
foreign and private investment in the
sector. Adjustment of the investment

climate to encourage the electricity
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d) Non-negligible emissions indices due to

high penetration of the fossil fuels

of a law on the promotion of the promotion of
electricity production from renewable energy sources.
b) Release of a national plan for energy efficiency
(PANEE 2015) aiming in other things, the stabilization
of the electricity intensity by employing actions such
as improvement of the material of the electric grid for
reduction of the losses to 17% by 2020 and 12% in
2030, the distribution of efficient lighting and solar kits,
replacement of the fixtures of public lighting and the
elaboration of the standards, decrees and laws on
energy efficiency. Creation of the national agency for
rural electrification and renewable energy in 2016
(AT2ER).

c) Review of the institutional framework and adoption

of a decree for encouraging the activity of the IPPs

¢) No new investment or project conducted

by an IPP recorded for the period of study.

production by using renewable primary
sources.

b) Rethink and design of proper
energy efficiency policies/measures
and enhancement of the institutional
and regulatory frameworks to help for
the implementation and success of the
policies. Increase of information about
efficient attitudes and implementation
of incentive policies on the customer
side.

¢) Rethink the institutional, juridical
and regulatory frameworks of the
country in general and especially in the
electricity sector, rethink the conditions
of production by the IPPs, reduce
barriers to investment for example, by
simplifying investment procedures,
the

d) Increasing information on

environmental issues, design and

implementation of environmental

65



standards for production and use of
energy, implementation of incentives
measures for users. Adjustment of the
sector's climate to incorporate the
environmental components into the
policies/measures and the investment

in the projects.
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