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Abstract

This review explores the research activities surrounding the development and
integration of smart electricity grids in Burkina Faso, a landlocked and arid
territory in West Africa and one of the poorest countries in the world with
significant energy challenges. It examines the current state of energy infra-
structure in Burkina Faso, focusing on the integration of renewable energy
sources, particularly solar photovoltaics. It highlights the role of smart grid
technologies in enabling the efficient integration of renewable energy, improv-
ing grid stability and facilitating rural electrification. Additionally, the review
addresses key challenges such as inadequate infrastructure, regulatory gaps
and financial constraints that hinder the deployment of smart grids in the
country. By analysing existing research and ongoing projects, this paper pro-
vides a comprehensive overview of the opportunities and barriers to imple-
menting a smart electricity grid in Burkina Faso and offers recommendations
for future development and policy frameworks.

Keywords

Smart Grid, Smart Building, Decentralised Energy Production, Photovoltaic,
Renewable Energy

1. Introduction

Burkina Faso, a landlocked country in West Africa, faces significant challenges in
its electricity sector characterized by limited access [1], frequent outages [2], and
high dependency on imported fossil fuels and imported electricity from Ghana
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and Ivory Coast [2]. The massive development of decentralized photovoltaic pro-
ductions allows for the supply of energy demands, sustainability, and resilience,
particularly in rural territories. This distributed electricity production needs a
smart electricity grid for better integration into the national electricity grid [3].
Moreover, smart grids can facilitate greater consumer engagement and empower-
ment, allowing users to actively manage their energy consumption and contribute
to demand response programs.

However, the deployment of smart grid technologies requires substantial in-
vestment in ICT infrastructures, smart buildings, and training [4]. Policymakers
must develop supportive regulatory frameworks and incentives to encourage the
adoption of smart grid solutions. Additionally, public awareness and acceptance
of new technologies are essential for successful implementation. Therefore, re-
search activities must support the development and implementation of smart
grids by overcoming social, technological, and scientific challenges and then pro-
posing opportunities for an effective smart electricity grid.

This review aims to synthesize existing research efforts, identify gaps and pro-
pose strategic directions for future research. It seeks to provide a comprehensive
state-of-the-art perspective on how smart grids can be effectively deployed to en-
hance the country’s energy landscape by examining the technological, economic

and social dimensions of smart grid implementation in Burkina Faso.

2. State of Burkina Faso’s National Power Grid

The national power grid of Burkina Faso is poorly developed, with many problems
at several levels. According to the World Bank data, only 19.5% of the population
had access to electricity in 2022, with a significant disparity between urban areas
(around 60.5%) and rural areas (around 3.4%) [1]. The territory power lines are
about 25,663 km with 5691 transformer stations [2]. Figure 1 indicates that 60%
of the electricity consumed will be imported in 2022, which highlights the coun-
try’s strong dependence on external suppliers. The National Electricity Company
of Burkina (SONABEL) only contributes to 28% of the electricity production,
while the Independent Electricity Producers (PIE) provide 12% of the electricity
production. This imbalance reveals a significant dependence on imports to meet

national energy demand.

2022
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Figure 1. Production and importation of electricity in Burkina Faso in 2022 [2].
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The problem of reliability and system quality is mainly due to a mismatch be-
tween supply and demand despite the huge amount of energy imported from
neighbouring countries. The System Average Interruption Duration Index
(SAIDI) is estimated to 77 hours and the System Average Interruption Frequency
Index (SAIFI) is estimated to 82 [2] in 2022. Concerning the electricity grid effi-
ciency, the total technical losses from production to consumption are estimated
at 12.9% of the total production with a long power line from the production sites
to urban consumers. However, many projects are being undertaken to upgrade
the rural electrification [5]. These projects mostly revolve around the photovoltaic
energy due to the country’s geographical location. It offers significant solar poten-
tial, with over 2000 kWh/m?/year of sunlight, making it ideal for photovoltaic
(PV) deployment [6]. For example, the YELEEN project, launched in March 2023,
is subdivided into two parts, namely rural electrification, the development of pho-
tovoltaic power plants and the strengthening of the national electricity system. It
aims to increase access to electricity by renewable energy production systems. The
objectives include the production of 100 MW of solar energy, the construction of
mini-grids for rural areas and the promotion of self-production of solar energy.
The implementation is done through public-private partnerships and investments
in solar infrastructure. The means deployed include the creation of photovoltaic
plants, energy storage installations and technologies to modernize electricity net-
works. The Zagtouli photovoltaic plant is another of the largest solar installation
projects in West Africa. This 33 MW plant aims to enhance Burkina Faso’s elec-
tricity power supply while reducing its dependence on energy importations. The
deployed project includes approximately 130,000 solar panels connected to the na-
tional grid with a capacity to provide energy to 660,000 people. Additionally, a lot
of private projects and initiatives have been undertaken to install solar power sys-
tems. These examples prove that a lot of decentralised solar production systems are
deployed in Burkina Faso territory, which is a good way to implement smart grids.

From the policy point of view, the creation of institutions like the National
Agency for Renewable Energies and Energy Efficiency (ANEREE) in 2016 and the
Burkinabe Rural Electrification Agency (ABER) in 2017 demonstrates governmen-
tal commitment to renewable energy integration and rural electrification. This was
accompanied by numerous projects to diversify the energy mix through the massive
introduction of photovoltaic energy production [7]-[10]. Furthermore, several pol-
icies such as “The Law N°014-2017/AN concerning general regulations of energy
sector” [11] and “The decree N°2019-0902 /PRES/PM/ME/MINEFID/MCIA” [12]
were adopted as a first step for smart home by allowing a two-way exchange of
electrical flow through the injection of consumers’ surplus energy production from
photovoltaic production. They establish a legal framework for the integration of
renewable energies and the management of energy surplus via self-producers.
These texts facilitate independent producers’ access to the network, encourage the
diversification of energy sources, and promote the digitalization and automation

of the electrical system. These texts are essential for the establishment of smart
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networks, which require an adapted legal infrastructure to optimize production and
distribution. Indeed, this law N°014-2017/AN regulates the electricity sector in
Burkina Faso. It aims to regulate the production, transport, distribution and mar-
keting of electrical energy with particular emphasis on the promotion of renewable
energies. This law also defines the roles and responsibilities of stakeholders in the
energy sector, the conditions of access to the electricity grid, and the rules for pricing
and quality of service. The decree N°2019-0902/PRES/PM/ME/MINEFID/MCIA
focuses also on the terms of access for self-producers of renewable energies to the
electricity network of Burkina Faso and establishes the conditions for the purchase
of excess energy by the national electricity company SONABEL. This decree en-
courages self-production by allowing individual producers to sell their surplus en-
ergy under some technical and contractual conditions. It aims to promote renew-
able energies while regulating interactions with the existing electricity network,

which needs to be more intelligent.

3. Smart Grid and the Burkina’s Local Network

The concept of intelligent electrical grids began in the 20th century due to chal-
lenges faced by the electrical power industry, such as economic, engineering, and
environmental efficiency targets [13]. There is no clear single definition for the
concept of smart grid [14]-[17]. Considering all the definitions given, the Smart
Grid can be defined as a modernized electrical network that uses advanced com-
munication, information, and management technologies to optimize the produc-
tion, transport, and distribution of power energy. It is characterised by decentral-
ized power generation sources and bidirectional interaction between the electrical
grid and consumptions. It allows better integration of renewable energy sources
on the power grid and improves energy efficiency by reducing electricity losses.
This can be summed up by the definition given by the International Energy
Agency in [18]: “A smart grid is an electricity network that uses digital and other
advanced technologies to monitor and manage the transport of electricity from all
generation sources to meet the varying electricity demands of end-users. Smart
grids co-ordinate the needs and capabilities of all generators, grid operators, end-
users and electricity market stakeholders to operate all parts of the system as effi-
ciently as possible, minimizing costs and environmental impacts while maximiz-
ing system reliability, resilience and stability.”

The following diagram in Figure 2 illustrates the evolution of electrical infra-
structure and associated communication systems from the past to the future. In
the past, the network focused on unidirectional distribution of electricity from
power plants to consumers via substations. Actually, the network includes more
automation with control centers and two-way connections. In the future, the
smart grid will integrate renewable energy sources, energy storage, and consumers
who can also become producers (prosumers).

The implementation of an effective smart grid requires that the transmission,

the distribution and the demand-side are smart which includes a varied number
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Figure 2. Evolution of the electrical system grid [18].

of interconnected components that work together to improve the efficiency, reli-
ability and sustainability of the system [19]. This means that information and
communication technologies, sensing, measurements, control and automation
technologies, power electronics and energy storage are smarter. These elements
gather all technology areas explored by the smart grid concept [18] as follows:
- Wide-area monitoring and control;
- Information and communication technology integration;
- Renewable and distributed power generation integration;
- Transmission enhancement;
- Distribution grid management;
- Advanced metering infrastructure;
- Electric vehicle charging infrastructure;
- Customer-side systems;
- etc

This ideal smart power grid characteristics compared to Burkina Faso local
power grid shows the gap and challenges to reach an effective intelligent electricity

grid [2] [20]-[23]. This comparison is summarized in Table 1.

Table 1. This ideal smart power grid compared to Burkina Faso local power grid.

Observed aspects
Infrastructure
Energy Sources
Transmission/Distribution
Monitoring & Management
Consumer Interaction
Reliability & Resilience
Cybersecurity & Privacy

Burkina Faso’s Local Grid

Centralized, manual, outdated

Mostly fossil fuels, limited renewables

High losses, unreliable distribution

Manual monitoring, limited data
Passive consumers, fixed pricing
Frequent outages, slow recovery

Minimal concerns

Ideal Smart Grid
Decentralized, automated, modern
High renewable integration, distributed
Efficient transmission, reliable distribution
Real-time monitoring, big data analytics
Active prosumers, dynamic pricing
Self-healing, high reliability

Advanced cybersecurity, privacy protection

The progress toward smart grid implementation in Burkina Faso can be evalu-
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ated across many dimensions as renewable energy integration, smart metering,
grid automation, transmission and distribution loss reduction and energy stor-
age/demand response. The estimated percentages reflect the current state of im-
plementation in each of these areas based on available data and reports in 2022.
The renewable energy integration progress is estimated to 10% - 15% based on the
total installed renewable capacity to overall energy generation capacity [24] [25].
The smart metering is estimated to 5% - 10% based on pilot programs launched
in cities like Ouagadougou where the number of deployed smart meters is a low
fraction of the total number of electricity consumers [26] [27]. The grid automa-
tion and monitoring are less than 5% because of the lack of automation technolo-
gies and minimal use of Supervisory Control and Data Acquisition (SCADA) or
similar systems. The transmission and distribution losses are about 5% compared
to the international best practices [28] with unidirectional power transit. Energy
storage and demand response mechanisms are virtually absent. The country has
not yet implemented large-scale storage solutions and demand-side management.
The estimated progress can be set to 1% - 2% [27] [29].

This low rate of smart grid achievement is numerous. The lack of clear regula-
tions and policies which constitute the launching pad for the implementation of
smart grids [30] or the lack of substantial state funds allocated to the energy sector
for smart grid pilot projects and modernization of power grid installations [18].

All these challenges must also be addressed by research activities.

4. Smart Grid Research Activities in Burkina Faso Context

Research activities must support the development and implementation of smart
grids and overcome challenges and opportunities for an effective smart electricity
grid. In this paper, researches will be conducted using comprehensive searches in
databases such as IEEE Xplore, ScienceDirect, Google Scholar and local reposito-
ries, utilizing primary keywords like “smart grid”, “electricity grid”, “renewable

» <«

energy integration”, “photovoltaics”, “solar energy”, “smart home” and “smart
building” combined with “Burkina Faso”, as well as secondary terms such as “de-
centralized energy systems” and “energy policy” while applying Boolean operators
and truncation where necessary. These keywords are applied to research papers
published between 2010 and 2024. This period is relevant for the smart grids, the
renewable energy or the electricity grid modernization in Burkina Faso and great
energy policy reforms engaged in the country. Other criteria considered are pa-
pers from peer-reviewed journals, conference papers, and government reports
written in English or French. Furthermore, studies unrelated to “Burkina Faso”
keyword are not considered in order to focus only on research related to Burkina
Faso context.

This research activity exploration shows that the smart grid topic is discussed
more and concerns many subjects, as shown in [31]. However, these smart grid
research topics applied to Burkina Faso context are oriented on specific domains

based on standalone and rural contexts. It concerns the integration of renewable
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energies combined or not with storage technologies, especially solar photovoltaic,
due to the very low rate of electrification in rural areas [32]-[34]. The study in [32]
was conducted in 105 villages with a sample of 6,300 consumers. It aimed to iden-
tify socio-economic, demographic and geographic factors influencing the choice
of solar PV systems or not. It shows that 54% of the surveyed sample use solar
systems. 54% of the sample are consumers of large family sizes with entrepreneur-
ial and manufacturing activities, led by young males with high education levels,
financial literacy, and access to microfinance. These findings provide insights into
implementing smart grid systems in Burkina Faso by leveraging the existing
trends and barriers in rural solar PV adoption. It is possible to proceed with tar-
geted motivation by providing micro-credit system, promoting the entrepreneur-
ial activities, enhance campaigns of education and training on energy conserva-
tion and the long-term benefits of solar PV systems. This can be summarized as
the demand-side integration. Then it can allow the renewable energy integration
through distributed solar network by developing decentralized microgrids pow-
ered by solar PV with the possibility to add storage systems. [33] also explores the
techno-economic feasibility of integrating solar PV systems with energy storage
solutions. The storage comparison is made on Pumped hydro-storage (PHS) and
lithium-ion batteries, considering both off-grid rural and grid-connected urban
system. This comparison is based on the costs, especially the net present cost
(NPC) and the cost of energy (COE). Off-grid rural systems show the optimal
configuration because they are more cost-effective even when new reservoirs are
required for PHS. For grid-connected urban systems, the grid-connected PV sys-
tems with PHS are more cost-effective, and it has been shown that adding storage
reduces the NPC by 8% compared to a grid-only solution. The renewable fraction
of energy supplied increases to more than 88% when PV+PHS is used on grid-
connected urban systems. However, the capital costs of PV and storage systems
heavily influence the overall NPC and COE. This study lays the foundation for the
implementation feasibility of PV systems with storage connected or not to the
grid, which is part of the all-smart grid system through the integration of decen-
tralized generation and storage systems.

Another smart grid research topic applied to Burkina Faso context is the energy
management. Some researches use consumption trends to manage energy well,
prevent outages, and establish appropriate demand-response programs [26] [27]
[35]. Other studies are based on the introduction of Advanced Metering Infra-
structures (AMI) to improve the reliability of the local grid especially on losses
and outages [27]. In fact, [35] aimed to identify the key drivers of electricity con-
sumption in urban consumers in Ouagadougou. The survey of 387 consumers and
their electricity consumption based on their bills and the combined models used
for the study show that integrating household socio-economic factors and appli-
ance usage explains 70.2% and 70.5% of the variance in residential electricity con-
sumption. The appliance ownership and the usage have nearly equal impacts on

the consumption, contrary to some previous studies. These findings provide a
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roadmap to design and implement specific Demand-side management or ade-
quate Home Energy Management Systems (HEMS) that encourage the use of en-
ergy-saving appliances and establish load shifting strategies targeting high-energy
devices. It can also help to develop well adapted policies that encourage energy
conservation. Also, it can help the utilities through their pattern to optimize sup-
ply, forecast the demand and anticipate the impact of urbanization and economic
growth on electricity grid. This study shows the interest in integrating smart meter
and internet of things to have real-time data to optimize and better predict elec-
tricity consumption. [26] research activities present the “Africit-€” project, a pilot
study in Ouagadougou that leverages smart grid technology to enhance electricity
reliability. The project focuses on integrating smart meters and digital tools in the
low-voltage network to address challenges such as frequent outages, grid over-
loads, and customer dissatisfaction. Approximately 500 smart meters were in-
stalled in “Azimo Ouaga 2000” and these meters collect real-time data on load
curves and voltage profiles for grid modelling and management. A Meter Data
Management System (MDMS) was developed to forecast low-voltage network
load profiles and identify potential overloads. This system enables targeted de-
mand-response programs to reduce outages caused by congestion. Customer was
also involved with an App installed on their smart phones, allowing them to mon-
itor daily electricity usage, estimate bills, and access energy-saving tips. This re-
mote meter reading reduces operational costs and eliminates the need for utility
employees to make in-person visits. The project created a digital photovoltaic
(PV) hosting capacity map, identifying optimal points for PV connections without
costly grid reinforcements. This project improved the reliability of the grid and
the cost efficiency. This study explores three smart grid points. The first point is
scaling and replicability, which is demonstrated by demonstrating the feasibility
of deploying smart meters in low-voltage networks and the viability of similar
projects at a national or regional scale through a cost-benefit analysis. The second
point is demand-side management, with programs that offer a model for manag-
ing peak loads and preventing outages. The third point is the integration of re-
newable energy with the PV hosting capacity map and the advanced grid analytics
that optimize the position of renewables without huge investment. The “Africit-
€ project shows how smart metering infrastructure can improve electricity relia-
bility, operational efficiency and customer experience in Burkina Faso. Its repli-
cability and cost-effectiveness make it a valuable model. [27] considers the smart
grid through demand response strategies as a solution to the challenges faced by
the local grid. Their approach is based on smart meters to enable remote control
of the subscribed power of consumers and demand response programs to reduce
the maximum power available to certain customers to protect grid equipment
during overload periods. A simulation was conducted using data from several
low-voltage feeders in Ouagadougou, assessing the impact of this strategy. First,
this method reduced and prevented overloads on low-voltage feeders during peak

hours with a minimal impact on consumers. Then, it improved grid stability
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through voltage level stabilization and reduction of the risk of load shedding. Fi-
nally, this method shows scalability potential and can be extended to other urban
areas. The relevance of this study for smart grid development in Burkina Faso is
that it is adapted to the local context, it can be integrated with other smart grid
solutions such as energy storage and renewable energy sources and it relies on
remote modifications, reducing the need for in-site interventions which makes it
cost-effective. In order to apply these methods well, investments in smart meters
are crucial, consumer awareness campaigns are needed, and the training of grid

operators and technical staff in smart grid technologies is necessary.

5. Conclusion

Burkina Faso’s energy sector faces notable challenges, including limited access to
electricity, high dependency on imported energy, and an underdeveloped national
grid. The transition to a smart electricity network seems to be a viable solution to
these issues by allowing efficient integration of decentralized solar power systems,
improving grid resilience, and promoting energy independence. Current projects
demonstrate the country’s commitment to renewable energy expansion. However,
substantial gaps in infrastructure, funding, and regulatory support persist. To suc-
cessfully make the transition towards a fully functional smart grid, Burkina Faso
must prioritize investments in ICT infrastructure, energy storage, and automated
grid management systems. Policies encouraging public-private partnerships,
along with supportive regulations, are essential to promote innovation and adop-
tion of smart grid technologies. Moreover, public awareness and research initia-
tives are crucial to overcoming challenges specific to local contexts, thus ensuring

sustainable development in the energy sector.
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