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Abstract

Access to electricity in Mali remains one of the lowest in the world, with a na-
tional rate of 51% marked by significant disparities between urban and rural
areas. This study assesses the territorial distribution of electricity coverage pro-
vided by national electrification services. The methodology is based on the use
of geographic information systems combined with multi-criteria decision sup-
port analysis to identify the localities concerned. The data used includes mu-
nicipal demographic statistics, national energy data, the number of low-voltage
subscribers, the population served by locality, and municipal boundaries from
geospatial databases. This information was used to assess the territorial distri-
bution of electricity coverage rates. The analysis reveals low penetration of en-
ergy services nationwide. Of the 703 municipalities surveyed, only 268 are
served, representing a rate of 38% (22% by EDM and 16% by AMADER). Fur-
thermore, when the calculation is based solely on the population that actually
has access to electricity in the areas served, the rate drops to 26%. This discrep-
ancy is mainly due to a difference in calculation methods. This significant dis-
parity, confirmed by both official figures and the study’s results, reflects the
concentration of electrical infrastructure in urban areas, to the detriment of
rural areas that are still largely uncovered, but also differences in calculation
methods. The very low rate of access in rural areas highlights the urgent need
for decision-makers to promote decentralized systems, particularly solar solu-
tions, as a strategic alternative to accelerate rural electrification.
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1. Introduction

Mali’s electricity system relies heavily on costly and polluting thermal sources.
This results in both insufficient production and unequal access to electricity.

The change in the percentage contribution of different sources to electricity
production in Mali between 2018 and 2022, as indicated in the 2022 report by
Energie du Mali EDM-SA, provides the percentage of different sources of electric-
ity production.

According to this report, thermal energy dominates with 43%, followed by hy-
draulic energy with 33% and purchases from the Republic of Céte d’Ivoire with
22%. Solar energy, on the other hand, accounts for only 2% [1]. Solar potential re-
mains largely untapped in Mali [2]. Thanks to strong sunshine and long hours of
solar exposure, IRENA estimates that Mali could produce around 7906 TWh of
electricity per year through the deployment of solar systems [3].

In 2020, Mali had a national electrification rate of 50.56%, with 96% in urban
areas and 21.12% in rural areas. This translates into 10.24 million people with ac-
cess to electricity compared to 10.01 million people without access to electricity.
In rural areas, 8.79 million people did not have access to electricity [4].

The lack of access to electricity is linked to disparities in access rates between
localities. Changes in the rate of access to electricity in Mali during the period
from 2001 to 2023 provide figures for each of the regions covered by this study.
According to this report, the district of Bamako remains well ahead over the entire
period, exceeding 89% in 2023. Regions such as Kayes, Koulikoro, Sikasso, and Ségou
show rates between 40% and 70%. On the other hand, regions such as Mopti, Gao,
and Timbuktu lag behind, with less than 30% [5]. In rural areas, only 16.7% of the
population has access to electricity in Mali [3]. However, the DNE indicates that
the national rate of access to electricity is 51%, of which 24% is in rural areas and
86% in urban areas [6].

Several studies have analyzed solutions for improving access to electricity, par-
ticularly in areas where the expansion of the electricity grid remains limited. This
research highlights the role of appropriate energy policies and decentralized sys-
tems, such as distributed generation and mini-grids based on renewable energies.

For example, CUENCA et al. (2024) propose a policy for small-scale distributed
generation that takes into account the limitations of the electricity grid. The results
of their study show that this policy would provide access to electricity to 364,064
additional customers compared to the current policy, without requiring any up-
grades to existing infrastructure [7].

In the same vein, Philipp A. Trotter (2019) assesses the potential of mini-grids
based on renewable energies to improve access to electricity. His study highlights

that these systems are an effective solution for expanding electrification, particu-
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larly in remote areas of developing countries where extending the national grid is
difficult and costly [8].

Only a few studies address the discrepancies in access rate data without speci-
fying the methods used to calculate this rate.

Despite numerous studies on access to electricity, it remains necessary to ad-
dress methodological and statistical aspects in calculating access rates in order to

resolve the problem of discrepancies between data.

2. Data-Methods
2.1. Study Area

The study area consists of Mali’s 703 municipalities, which constitute the study
area (Figure 1) [9].
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Figure 1. Study area.

2.2. Equipment

= Devices used:

GPS: To determine the coordinates of several points in the municipalities con-
cerned.
Laptop: For data analysis and report writing.

= Software:

v' PVSyst: Software used for photovoltaic modeling. It provides access to the da-
tabase based on image processing from the Meteosat Second Generation satel-
lite. It was therefore used in this research to process satellite images of the var-
ious municipalities concerned.

v' Microsoft office: The company’s proprietary office suite.

DOI: 10.4236/0alib.1115134

3 Open Access Library Journal


https://doi.org/10.4236/oalib.1115134

|. Bagayogo et al.

v" Excel: Used to organize, analyze, visualize, and manipulate data using its spread-
sheet, formula, and charting features.

v PVGIS: Software used in photovoltaic modeling. It provides access to a data-
base built from satellite image processing.

v" ArcGIS 10.3 and QGIS 3.32.3: This Geographic Information System software
was used for digitization (map digitization), file conversion, data editing and
modeling, visualization of created spatial data, spatial information manage-
ment, and spatial analysis.

These devices and software enabled us to generate the necessary information in

these municipalities to analyze the data and generate maps.

2.3.Data

2.3.1. Geospatial Data on Mali’'s Administrative Boundaries

In this study, geospatial data on Mali’s administrative boundaries, provided by the
Geographic Institute of Mali (IGM) in shapefile (SHP) format, were used to pre-
cisely delimit the various territorial entities analyzed. The different categories of
data used are as follows:

= Regional boundaries:

Provided by the Geographic Institute of Mali (IGM) in shapefile (SHP) format.
The regional boundaries delimit the eight major administrative subdivisions of
Mali under the former administrative division, to which the district of Bamako is
added.

» Circle boundaries:

Provided by the Geographic Institute of Mali (IGM) in shapefile format (SHP).
The circles represent an intermediate subdivision between regions and munici-
palities. The 49 circles included in this study allow for a more refined territorial
analysis that takes into account local administrative and geographic realities, while
facilitating decentralized management and sectoral planning [10].
=  Municipal boundaries:

Provided by the Geographic Institute of Mali (IGM) in shapefile (SHP) format.
The 703 municipalities, 29 of which have urban status, constitute the basic admin-
istrative level directly concerned by local development policies. Geospatial data
on municipal boundaries were used to identify target areas. These data are vector-
based and reflect Mali’s former administrative divisions. They were collected from
the databases of the Mali Geographic Institute (IGM). This vector file contains
various geographical information on the 703 municipalities, the eight (8) regions
plus the district of Bamako, and the 49 circles of Mali’s former administrative di-
vision [10]. It provides all the necessary information on the latitude, longitude,
boundaries, and surface area of all the files covered by the study.
= Demographic statistics:

In this study, municipal demographic statistics are taken from the Fourth Gen-
eral Population and Housing Census (RGPH 4) conducted in Mali by the National
Institute of Statistics (INSTAT) and the Central Census Bureau (BCR). These data

provide detailed information on the population by municipality, including an av-
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erage annual population growth rate of 3.6% between 2009 and 2022 [10]. They
were used to assess basic service needs, particularly electricity, taking into account

local demographic dynamics.

2.3.2. Collection of Data on Power Plants

As part of this study, energy data was collected from several national institutions,
including the National Energy Directorate (DNE) and the Malian Agency for the
Development of Domestic Energy and Rural Electrification (AMADER). This in-
formation, covering the period 2009-2023, includes the location of power plants,
the situation of the various localities covered by electrification services, their in-
stalled capacity, and their energy source (thermal, solar, hybrid, or hydraulic). It
has made it possible to take stock of national energy coverage and identify areas

that are still unserved.

2.3.3. Collection of National Energy Data
National energy data was collected from the National Energy Directorate (DNE)
and the Malian Agency for the Development of Domestic Energy and Rural Elec-
trification (AMADER). The main energy data collected are as follows:

Data files on localities with access to electricity services:

a) Localities served by the EDM interconnected network:

The data in Table 1 comes from the National Energy Directorate (DNE), which
is the governmental agency body responsible for planning and monitoring na-

tional energy policies (year, 2022).

Table 1. BT subscribers and meter usage density by region (RI).

Localities BT subscribers People/meter
Bamako 407,432 10.83
Koulikoro 35,921 10.83
Kayes 31,063 10.83
Ségou 33,912 10.83
Sikasso 36,187 10.83
Mopti 4800 10.83
Gao 0 10.83
Kidal 0 10.83
Tombouctou 0 10.83

b) Localities served by EDM’s isolated centers:
The data in Table 2 comes from the National Energy Directorate (DNE), which
is the governmental agency body responsible for planning and monitoring na-

tional energy policies.
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Table 2. BT subscribers and meter density by region (isolated EDM centers).

Localities BT subscribers Person/meter
Mopti 26,314 6.3
Tombouctou 12,746 6.3
Sikasso 9556 6.3
Gao 11,501 6.3
Kayes 6742 6.3
Ségou 7703 6.3
Koulikoro 5661 6.3
Kidal 822 6.3

Bamako 0 -

c) Served by AMADER:

With regard to the areas served by AMADER, the data was collected from the
Rural Electrification Directorate (DER), specifically the Project Monitoring Ser-
vice in 2022, and is summarized in Table 3. This data reflects operational expertise
in the field, given AMADER’s role in the development of mini-grids and autono-

mous photovoltaic systems in rural areas.

Table 3. BT subscribers and average household size by region (AMADER power plants).

Region BT subscribers Average household size
Kayes 25,149 6.5
Sikasso 20,781 6.5
Tombouctou 3437 5.5
Koulikoro 8830 6.6
Mopti 8329 5.4
Ségou 6651 6
Gao 842 6
Kidal 46 5.4
Bamako - -

2.4. Data Analysis Method

This is both qualitative and quantitative.

2.4.1. Qualitative Analysis: Territorial Distribution of Access to
Electricity

Assessing the geographic distribution of access to electricity is essential for effec-
tive planning, and the criteria-based binary classification method is an effective

way to identify such areas [11]. The “criterion-based binary classification method”
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(or “multi-criteria binary analysis”) was used. This is a method in which each site
is evaluated based on specific criteria (EDM, AMADER, network coverage), as-
signing it only values of 0 or 1, and then classifying the sites according to these
results. However, we have established options and criteria for effective decision-
making.

= Options for selecting municipalities:

The choice of options makes it possible to distinguish between municipalities
with higher priority and those with lower priority for the deployment of decen-
tralized PV systems:

- Option 1: Priority municipalities (have no access to any electrification ser-
vices).

- Option 2: Lower priority municipalities (have access to at least one electrifica-
tion service).

Selection criteria by locality:

The selection criterion is applied by assigning a binary score of 0 or 1 to the
localities concerned.

Criterion 1: Electricity service coverage by EDM-SA

Criterion 2: Electricity service coverage by AMADER

Criterion 3: National network expansion plan

0: Access to electricity is not guaranteed in the municipality.

1: Access to electricity is guaranteed in the municipality.

The municipalities suitable for PV installation were selected in each locality A,
B, C, and D and form a single locality that we have designated E (high-priority

municipalities) with a score of 1 for each criterion represented in Table 4.

Table 4. Selection of suitable localities.

Localities EDM-SA  AMADER Interconnected network extension
Locality A 1 0 1
Locality B 0 1 0
Locality C 1 1 1
Locality D 0 0 1
Locality E 0 0 0

Using QGIS 3.36.3 software, we located, delimited, and classified the munici-
palities according to locality Table 4.

Using QGIS 3.36.3 software, we located the different municipalities that met
these criteria and classified them according to location, for a total of 435 munici-

palities.

2.4.2. Quantitative Analysis
This enabled us to calculate: The rates of access to electricity, photovoltaic cover-

age, and installed capacity for each municipality, expressed as a percentage [12]:
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v Access rate ( 9% ) _ Number of subscribers x Number of people per meter .

Total population of the locality

o Number of localiti d
v' Territorial coverage rate(%): TDET O ‘ocaTHes Seve

*100,
Total number of localities
v Installed capacity rate ( 9% ) _ Installed capacity per service .

— 100,
Total number of localities

3. Results

3.1. Territorial Distribution of Access to Electricity in Mali
3.1.1. Municipalities Served by Energie Du Mali

Figure 2 below shows the distribution of the different municipalities served by
Mali’s interconnected energy network.
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Figure 2. The EDM’s interconnected network (RI).

According to the figure, the interconnected network (RI) covers 35 municipal-
ities in green, mainly in the south and center of the country. The isolated centers
(CI) serve 33 municipalities in purple spread across the country. Two (2) munic-

ipalities, in red, benefit from interconnection with Céte d’Ivoire.

A total of 70 urban municipalities are served by EDM, representing approxi-
mately 9.96% of the municipal territory.

3.1.2. Municipalities Included in the EDM-SA Expansion Plan

Figure 3 shows the various municipalities included in the electricity expansion
plan by Energie du Mali.
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Figure 3. Municipalities covered by the EDM expansion plan.

According to Figure 3, a total of 81 municipalities are covered by the EDM
expansion plan, representing 11.52% of the territory.

3.1.3. Municipalities Served by AMADER

Figure 4 below shows the distribution of the different municipalities served by

AMADER.
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Figure 4. Municipalities served by AMADER.
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According to Figure 4, a total of 117 municipalities colored in black are served
by AMADER, representing 16.64% of the municipal territory.

3.1.4. Municipalities Served by Electrification Services
Table 5 shows the geographical distribution of all municipalities served by elec-

trification services.

Table 5. Territorial coverage rate by electrification service.

Percentage of

Municipalities
Electrification service P territorial
served
coverage
EDM-SA (Interconnected network + isolated centers) 70 10%
AMADER (decentralized electrification) 117 17%
Municipalities included in the EDM expansion plan 81 12%
Cumulative total 268 38%

Localities without electricity supply:
Figure 5 below shows the geographic distribution of the various communities

served and not served by the national power grid.
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Figure 5. Territorial distribution map.

In Figure 5 above, the area shaded in black represents the various municipali-
ties that have access to a reliable electricity supply, totaling 268 municipalities. In
contrast, the yellow-shaded area represents the various municipalities that do not
have access to a reliable electricity supply, totaling 435 municipalities. However,
the map shown in Figure 6 below clearly illustrates the distribution of the various

municipalities in Mali that are not connected to the electricity grid.
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Figure 6. Municipalities not covered.

Figure 6 above shows the geographic distribution of the various municipalities
that are not served by the national power grid. The area shaded in black corre-

sponds to the 435 municipalities that do not have access to a reliable electricity

supply.
3.2. Statistics on Access to Electricity in Mali

Figure 7 below shows the rate of access to electricity by locality through the inter-
connected network (RI). It can be seen that the district of Bamako dominates with
access rates of 98.26% and 89.07%, depending on whether the population of the
localities served alone or the total population is considered. On the other hand,
regions such as Gao, Timbuktu, and Kidal have zero rates and therefore do not
benefit from access to electricity through the interconnected network (RI).

Figure 8 shows the rate of access to electricity through isolated centers (CI). It
can be seen that the regions of Mopti and Timbuktu lead the way with access rates
0f 39.81% - 8.14% and 38.94% - 11.76%, depending on whether only the popula-
tion served or the total population is considered. In contrast, the district of Bam-
ako has a zero rate through EDM’s isolated centers.

Figure 9 below shows the rate of access to electricity in Mali through AMADER.
It can be seen that the regions of Kayes and Sikasso have high rates of 26.9% and
8.1% and 28.9% and 5.2%, respectively, depending on whether only the popula-
tion served or the total population is considered.

Figure 10 below shows the national access rate through the various electrifica-
tion services, where we can see that Bamako has high rates of 98.26% and 89%. In

contrast, the Mopti region has the lowest access rate at 12.64% and 10.34%.
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The national average is 59.06% for the population served and 26.11% for the

total population.

4. Discussion

Analysis of data on access to electricity in Mali reveals significant discrepancies

between figures published by different national and international sources. This study

highlights significant discrepancies between the results obtained from locally pro-

cessed data and those reported by the National Energy Directorate (DNE), the
World Bank (WB), the World Bank & Energy Progress partnership, and recent
statistics from the African Development Bank [13].
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With regard to territorial electricity coverage, the results obtained from this
study estimate that 38% of Mali’s municipalities are covered by at least one EDM-
SA, AMADER, or EDM expansion plan electrification service. In these localities
where an electrification service exists, 58% of the population has access to elec-
tricity. However, the DNE indicates a rate of 53.6% in 2021 [14]. This discrepancy
is mainly due to a difference in calculation methods. This study is based on a strictly
territorial approach, considering the effective presence of at least one electrifica-
tion service at the municipal level, while the DNE adopts an approach based on
the theoretical distribution of the population, taking as a basis the capitals of the

municipalities served, regardless of the geographical extent of coverage.
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A comparison of these results suggests a modest increase in coverage rates over
the years, but the methodology used by the DNE remains partially opaque, partic-
ularly with regard to the criteria for including localities or taking into account the
population actually served. With regard to electricity access rates, this study pro-
poses a dual methodological approach:

* On the one hand, a calculation based on the total population of the locality,
resulting in a national access rate of 26.11%;

* On the other hand, an estimate based solely on the population of localities ac-
tually served, which gives a rate of 58%.

These results should be compared with the 51% put forward by the DNE in
2022. The observed discrepancy could be attributed not only to the methodology
used (reference population, spatial scope), but also to the effect of population
growth, which is not always updated uniformly in the various sources.

In addition, an independent survey conducted by Africa Check, “Mali: Is only
33% of the territory covered by electricity?”, questions the official figures [15].
This survey highlights a discrepancy between political statements and official data:
* The survey conducted by Africa Check-Mali (2022) cites a rate of 33%, which

is much lower than that of the DNE (53.6% in the same year), also highlighting
a divergence in approach between actual territorial coverage and potential ac-
cess based on population.

* The World Bank & Energy Progress report (2020) indicates a rate of 50% -
51%, calculated based on household access to reliable sources of electricity
[16].

* An older World Bank report (2008) reports a very low rate of 17%, based on
the limited state of the electricity supply infrastructure at the time [17].

* Finally, AfDB statistics (2023) report an electricity rate of 56%, but explicitly
distinguish between urban (87%) and rural (31%) areas [13], highlighting struc-
tural inequalities in access.

These discrepancies highlight three main factors of divergence: the measure-
ment method, the scope of analysis, and the time frame, as the data refer to specific
periods. Thus, this analysis shows that no methodological consensus seems to
have been established to date for accurately and consistently assessing the actual
rate of access to electricity in Mali. This complicates the development of targeted
policies and the prioritization of investments, particularly in rural areas. It there-
fore appears necessary to promote the harmonization of statistical methodologies,
taking into account both the territorial reality, existing infrastructure, and up-
dated demographic data.

Furthermore, this study has certain limitations that should be noted. Indeed,
the presence of an electricity service at the municipal level does not necessarily
mean that the entire municipality is actually covered. In many cases, only the main
town or an isolated center is electrified, while surrounding villages remain without
access to electricity. This situation can therefore lead to an overestimation of the
actual access rate, particularly when the analysis is conducted at the municipal

level rather than at the level of individual localities or households.
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5. Conclusions

A total of 703 municipalities, of which 268 are served and 435 are not served by
electricity services, which equate to 38% and 62% territorial coverage, respectively.

In localities where electricity services exist, 59% of the population has access to
electricity, according to the results of this study. However, the DNE indicates a
rate of 58.6% in 2017, which is consistent with these data [18]. When calculated
on the basis of the total population per locality, this rate decreases to 26%. This
discrepancy is mainly due to a difference in calculation methods. This study is
based on a strictly territorial approach, calculating the rate based on the popula-
tion of the locality with access to electricity in relation to the total population of
the locality, while the DNE adopts an approach based on the theoretical distribu-
tion of the population served, taking as a basis the main towns of the municipali-
ties served, regardless of the geographical extent of coverage.

A comparison of these results suggests a modest increase in coverage rates over
the years, but the methodology used by the DNE remains partially opaque, partic-
ularly with regard to the criteria for including localities or taking into account the

population actually served.
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