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Abstract

In the context of decarbonization with the goal of minimizing temperature

rise, the production of hydrogen from photovoltaic (PV) has piqued interest

Burkina Faso from a Photovoltaic Power due to its potential as an energy vector. This research investigates the possible
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production of green energy utilizing fixed photovoltaic-based hydrogen direct
arrangements. Furthermore, the study investigates the potential amounts of
fossil fuel (petrol) and greenhouse gas emissions that can be avoided. Our so-
lar PV technology is based on crystalline silicon panels with 17% efficiency.
Regarding the possibility of electrification, GH, energy production reaches
720 MWh.year™. A total of 136252.7 L per year might be replaced with this
possible amount of GH, across the country. The results for greenhouse gas
emissions reveal that 313.38 tons and 562.71 kg, respectively, of CO; and CO,
might be prevented every year.

Keywords

Decarbonization, Photovoltaic-Based Hydrogen, Green Hydrogen Potential,
Re-Electrification

DOI: 10.4236/sgre.2025.1611012  Nov. 25, 2025 203

Smart Grid and Renewable Energy


https://www.scirp.org/journal/sgre
https://doi.org/10.4236/sgre.2025.1611012
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0000-0002-3942-2193
https://doi.org/10.4236/sgre.2025.1611012
http://creativecommons.org/licenses/by/4.0/

S. D. Bazyomo et al.

1. Introduction

Like several countries, Burkina Faso is implementing different measures to lower
the emissions of greenhouse gases such as CO,, CH,, CO, and N,O, which are
pollutants responsible for causing climate change and pollutants responsible for
causing climate change [1]. Consequently, the nation has made a commitment to
reduce its greenhouse gas emissions to net-zero [2]. The objective of these actions
is to achieve the ambitious global net-zero emission target, with the aim of limit-
ing the rise in global temperatures to 1.5 °C by 2050 [3]. As a fundamental element
of the overarching strategy for the reduction of carbon emissions, the utilization
of renewable energy sources, including solar photovoltaic installations and hydro-
power, is a matter of national concern. Solar photovoltaic (PV) technology is widely
regarded as one of the most effective measures available to reduce carbon emis-
sions in the production of electricity [4]. Generation systems have been identified
as a potentially effective solution for mitigating climate change and enhancing en-

ergy security [4].
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Figure 1. Photovoltaic-driven hydrogen production system diagram.

Apart from the renewable energies mentioned above, green hydrogen (GH,),
which is produced using renewable energy sources, is a sustainable energy source
that has significant potential for reducing reliance on fossil fuels and contributing
to the global transition to a low-carbon economy [5]. Green hydrogen, produced
from solar power is being regarded with an increasing degree of interest as a key
solution for decarbonizing various sectors and transitioning to a sustainable en-
ergy future [6] [7]. More, the integration of solar photovoltaic (PV) systems with
water-splitting units for the generation of green hydrogen represents a promising

area of research that is garnering significant attention [8]. The utilization of pho-
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tovoltaic (PV) technology as an energy source for GH, is classified as solar-hydro-
gen (S-H) systems [9], also called Photovoltaic-based hydrogen production [4].
The principle is shown in Figure 1. The principal components of S-H systems
comprise the photovoltaic (PV) generator, which is responsible for the generation
of electricity from sunlight, and the electrolyzer, which utilizes this energy [9].
The process of electrolysis is the means by which electric energy is utilized to split
water into hydrogen (H,) and oxygen (O,). At the present time, there are three
water electrolysis technologies that are available for commercial exploitation [10]:

— alkaline electrolysis,

- proton exchange membrane (PEM),

- solid oxide electrolysis.

Each technology offers distinct benefits in the context of large-scale production
[11] [12]. But PEM technology will become the most prevalent method cause it
demonstrates a rapid response to fluctuations in renewable energy sources [13].
The system has been designed in a modular way; the high current density and high

purity of the H, production are significant features [14].
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Figure 2. Schematic depicting the direct and indirect coupling configurations.

Two types of Photovoltaic-based hydrogen production configurations are avail-
able [9]:

— The direct configuration Figure 2(a): the electrolyzer input is directly con-
nected to the PV generator’s electrical output, without an intermediate power
stage [9].

— The indirect configuration Figure 2(b): use electronics to bias the PV gener-
ator at its greatest power point and send this power to the electrolyzer [9].

A number of studies have analyzed the hydrogen potential from renewable en-
ergy sources using various approaches. Using an artificial neural network kriging
technique, [15] suggested a regional decision support system for on-site renewable

hydrogen generation from solar and wind energy sources. [16] and [17] found
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that the tilt angle of solar panels affects hydrogen generation rates and should be
considered in a comprehensive solar-based hydrogen study. [18] and [19] con-
ducted a study in Paraguay to assess the potential for GH, production from hy-
dropower, solar, and wind resources. The study found that small hydropower re-
sources have an estimated potential of 24,904 t. year™ for end-use applications
and fossil fuel replacement. [20] conducted a study to explore the potential of GH,
energy as a low-carbon fuel in Nigeria’s energy mix. The study emphasizes the
importance of distributed energy access, including GH, technologies, for increas-
ing electrification and achieving the country’s carbon neutrality goals. [21] inves-
tigated how electricity from hydropower generation could be used to generate
GH, in Turkey. According to their study, hydroelectric energy has the potential
to increase GH, production by 2.26 Mt, propelling the country to the forefront.
Using five scenarios to explore green hydrogen production from the Jebba Hy-
dropower station for Nigeria’s clean energy transition, [22] found that the first
scenario indicated that the highest potential was 59,111 t with a re-electrification
potential of 1182 GWh. This could replace 0.224 million liters of petrol, prevent-
ing 0.52 million kg of CO; and 0.92 thousand kg of CO emissions in 2021.

2. Statement of the Problem

There is growing international agreement on the use of emission-free or clean hy-
drogen in sustainable transportation [22]. For example, China and South Korea
have expressed plans to expand their fleets of fuel cell electric vehicles and hydro-
gen fueling facilities by 2030 [23]. Some European and North American countries
with a high penetration of renewable energy sources are seeking long-term mass
production of clean hydrogen for residential use [22]. So, the research discussed
above used various approaches to analyze the available potential for wind, solar
energy, and hydroelectricity, as well as the global hydrogen potential around some
parts of the world. The objective of this study is to assess the green hydrogen pro-
duction GH, over the whole thirteen regions of Burkina Faso. To target this prec-
edent objective, we used fixed Photovoltaic-based hydrogen production, using the
direct configuration to compute the quantities of GH, available. The paper is ar-
ranged in the following sections: studied area, data, materials, and methods. Sec-
tion 3 presents the results and discussion, while Section 4 ends the paper and high-

lights the possible implications of the study’s findings.

3. Materials and Methods
3.1. Solar Data and Studied Area

For this study, we use the long-term yearly average of global irradiation at opti-
mum tilt angle for Burkina Faso, covering the period from 1994 to 2018. These
data are from the WORLD BANK database [24]. The Burkina Faso presented in
Figure 3 is the studied area. It is a Sahelian country located in Western Africa
between latitudes 9° and 15° north, and longitudes 6° west to 3° East. Burkina

Faso has a surface area of 274,200 km? and is characterized by significant interan-
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nual climate variability.
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Figure 3. Considered region.

3.2. Electrolyzer Model

Electrolysis is the process by which water is split into hydrogen and oxygen using
electricity or electrical energy. The electrolyzer Figure 4, is the instrument that
transforms a portion of the electrical energy that is given into chemical energy. In
this study, we utilize the PEM electrolyzer because of its proven efficiency and
popularity in the energy industry [9]. This method uses a solid polymeric PEM to
separate the anode (oxidation electrode) from the cathode (reduction electrode)
[9]. Green hydrogen is the name given to the hydrogen generated when the energy
used to power the electrolyzers originates from a renewable source [25]. There is
also grey hydrogen produced from fossil fuels and blue hydrogen produced from
natural gas with carbon [4]. The reason for the use of PEM is its high rate of hy-
drogen synthesis, purity of gases, and energy efficiency [26]. Numerous research
[27]-[32] estimated hydrogen generation using the PEM. With an efficiency of
75% [27]-[32], the electrolyzer is expected to use 53 kWh to produce 1 kg of hy-
drogen [32].

=H2
Membrane
Diffusion layer
Figure 4. Schematic of an ideal PEM cell [12].
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3.3. Hydrogen Production from a Solar Energy Conversion System

Solar PV arrays, a power conversion system, and a water electrolysis system
make up the solar energy-to-hydrogen conversion system. The water electrolysis
conversion process in the solar energy-to-hydrogen conversion system uses a
PEM electrolysis system with 54 kWh per kilogram of hydrogen [27]. A crystalline
silicon panel with an efficiency of 17% and a panel density of 0.337 (acceptable
density to minimize shading) [33] is the solar PV technology in use [32]. Equation

1 defines the electricity generated by the solar energy conversion system:

Esolar (Wh : yearil) = GTI ’ Scoverarea (m2 ) ' 77PV ’7pc77pf nderating (1)

Table 1. Input parameters for the solar energy-to-hydrogen conversion [29].

Parameter Value Comments/Sources

Photovoltaic panel efficiency ( 7,, ) 17% The average efficiency level of standard
commercial crystalline solar PV cells [32]

Acceptable density to minimize shading

Panel density 0.337 33]

Packing factor ( M ) 89% Value for crystalline solar PV cells [34]
Derating factor (77,4 ) 77%  [35]

Power conditioning efficiency (77, ) 85% Conservative estimate from [32]

Electrolysis system efficiency (7,,, ) 75% [32]

Electrolyzer electrical energy 5

demand (E._) KWhk _For PEM electrolyzer [27]
elec . g

Equation 2 governs the mass of hydrogen (kg) generated by the solar energy-
to-hydrogen conversion system, while Equation 2 calculates the swept area avail-
ability of the solar farm.

Table 1 presents characteristics of input parameters used in Equation 1, Equa-
tion 2, and Equation 3 for the solar energy-to-hydrogen conversion analysis. To
estimate the potential for producing hydrogen from electrical energy, the follow-
ing scenarios are considered: use of the available suitable area of each region, and

we consider only 10% of solar energy from these areas.

-1\ _ Esolarnelec
MHZ(kg-year )_K (2)
Suerarca = SUitable area(m? )x PV panel_spacingdensity 3)
Sueraea = SUitabIe area(m? ) x PV panel_spacingdensity (4)

3.4. Re-Electrification Potential Using Fuel Cell

Hydrogen energy has the potential to help re-electrify rural areas, mainly in vil-

lages without grid electricity [22]. More, electricity produced from hydrogen
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could replace fossil fuel-based energy sources in the home and industrial sectors,
such as gasoline or diesel generators [36]. It is estimated that 1 kg of GH, may
provide 20 kWh of power with present technology (4.5 Mt GH,/90 TWh) [37],
while in another article [29], according to thermodynamic properties, 1 kilogram
of hydrogen contains 33.3 kWh = 120.1 MJ (lower heating value). Equation 5,
which uses hydrogen for re-electrification, shows the potential for this process.

We use that 20 kWh of energy can be produced from 1 kilogram GH..

20
RE (GWh)=—""—-M 5
o ( ) 1000 ™ )

3.5. Estimation of Fossil Fuel (Petrol) Replacement

One kilogram of GH, can replace 3.785 L of petrol [36], while 1 kg of hydrogen
has the same energy content as one US gallon of gasoline [38]. We use the follow-
ing equation (Equation 6)to assess the quantities of petrol that could be avoided

by using GHa.
PR(L)=M n, X3.785 (6)

3.6. Estimation of Greenhouse Gases Avoided

This part aims to estimate the amount of CO, and CO (Equation 7)that could be

avoided if hydrogen were used instead of petrol (or gasoline).

CO, or CO(kg-L™")=PR-SE, )

SE; is the specific emission factor of the corresponding greenhouse gas. For
CO,, SE. =2.3kg-L* while SE. =0.00413kg-L™ for CO [39].

4. Results and Discussions
4.1. Technical Potential of GH; Production with Solar PV Yield

As illustrated in Figure 5(b), the mean solar PV potential energy over the entire
country has been presented on an annual basis for the period 1994 - 2018. This
result is derived from Equation 1, using global irradiation at optimal tilt present
in Figure 5(a). The distribution of potential from solar-powered electrolysis
across Burkina Faso is uniform, with elevated levels observed in the northern re-
gions of the country. The results of the suitable area, annual solar PV energy, and
Green Hydrogen GH, potential estimation are displayed in Table 2, while the
yearly Potential energy production by region is shown in Figure 6. Using only
10% of solar PV which corresponds to 2591.85 MWh.year™" for the entire region,
the annual hydrogen production potential can reach up to 36 tons.year'. The
highest and the lowest annual hydrogen production potential are 6.12 and 0.38
tons.year™'. Concerning the potential of GH, energy, the production reaches 720
MWh.year™". The highest and the lowest annual GH, energy production potential
are respectively 122.4 and 7.6 MWh.
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Figure 6. Potential energy (GWh.year™) production by region.

4.2. Evaluation of Fossil Fuel (Petrol) Replacement and
Estimation of Greenhouse Gases Avoided

The results of the estimated amount of annual petrol (or gasoline) replacement
with hydrogen by each region are displayed in Figure 7. Figure 8 and Figure 9
show the quantity of annual greenhouse gases CO, and CO emissions that could
be prevented. It is estimated that the quantity of petrol (or gasoline) is 136252.7
liters. Using hydrogen produced from 10% solar PV energy, the maximum and
minimum amounts of petrol that can be substituted with hydrogen are respec-
tively 23153.72 and 1440.72 liters. In accordance with the stipulated conditions,
the replacement of petrol (or gasoline) has the potential to prevent 313.38 tons of
CO; on a national scale. In terms of CO, the utilisation of hydrogen has the po-
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tential to engender a reduction of 562.71 kg on a national scale. The substitution
of petrol for hydrogen in the re-electrification of rural communities lacking ade-
quate energy access has the potential to contribute to a reduction in greenhouse
gas (CO; and CO) emissions in Burkina Faso.

Table 2. Technical potentials across the country in locations of suitable area, PV energy,

GHoa.
Suitable area Solar PV energy Green Hydrogen
Regions
(%) MWh.year! T.year?
Boucle du Mouhoun 346790.74 330.92 4.6
Cascades 186492.72 168.17 2.34
Centre 28803.17 27.41 0.38
Centre-Est 147021.34 136.68 1.9
Centre-Nord 197438.95 191.34 2.66
Centre-Ouest 214708.18 201.81 2.8
Centre-Sud 115211.33 107.42 1.49
Est 467485.32 440.44 6.12
Haut-Bassins 257200.23 240.35 3.34
Nord 164781.8 160.04 2.22
Plateau-Central 86366.66 82.36 1.14
Sahel 62891.85 355.83 4.94
Sud-Ouest 164862.79 149.08 2.07
20000 -
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Figure 7. Amount of annual fuel (or gasoline) substitution by hydrogen (liters.year™!) pro-
duction by region.
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Figure 9. Amount of annual CO emissions (kg) avoided using GH. by region.

This phenomenon has the potential to contribute to a reduction in the year’s
total CO, emissions, which part driven by the combustion of fossil fuels (7.02
MtCO:), as reported by [40]. This gradual emission reduction, when implemented
across all sectors, has the potential to enhance the country’s climate change miti-
gation efforts and carbon neutrality goals. As part of its energy policy, Burkina
Faso has undertaken a significant transition towards renewable energy sources.

This approach is part of a commitment to guarantee universal access to electricity,
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a crucial objective for the country’s socio-economic development. As part of this
study, two agencies have been created: the National Agency for Renewable Energy
and Efficiency (ANAREE) and the Burkina Faso Agency for Rural Electricity
(ABER). With this study, only 10% of solar PV energy production for GH, pro-
duction for re-electrification and replacing fossil fuel generators with hydrogen
fuel cell generators will provide environmental benefits and reduce air pollution,
as evidenced by the reduction of CO, and CO emissions. This integration can drive
the vision of Burkina Faso’s carbon neutrality and net-zero goal by 2060 (Climate
Action Tracker 2023), bringing economic benefits through additional revenue
generation from GH, exports, fostering the development and creation of new jobs
within the energy sector, and contributing to the achievement of the United Na-
tions’s Sustainable Development Goals (SDGs), particularly SDG 7 (Affordable
and Clean Energy) and SDG 13 (Climate Action), which emphasized the importance

of sustainable energy solutions in achieving broader development objectives.

4.3. Deficiency of This Research Paper

However, it is important to note that certain limitations may potentially compro-
mise the validity of the study results. Initially, it is important to note that the data
used for the computation of global irradiation at optimum tilt encompasses a
comparatively limited period (1994-2018). In contrast, the climatological data sets
require three decades of observations. Secondly, the study has not adequately eval-
uated the areas most suitable for the generation of PV energy. Further investiga-
tions could entail the use of raster and polygon data pertaining to water bodies,
protected areas, and forests, with a view to achieving greater accuracy in the eval-
uation of suitable land. This would facilitate the identification of viable land
within the spatial model. Finally, for a period of several months, Burkina Faso has
been divided administratively into 17 regions. This is not updated because the data
is of a shapefile nature. For that we use the previous shapefile which, we use the

previous shapefile, which comprises thirteen regions.

5. Conclusions and Suggestions

This work presents fixed Photovoltaic-based hydrogen production using the di-
rect configurations for annual GH, production for Burkina Faso. The study uses
the yearly average of global irradiation at the optimum tilt angle for Burkina to
assess:

o The yearly amount of green hydrogen potential production. The potential
amount of energy that could be used for re-electrification per year

o The potential amount of fossil fuel (petrol) that could be replaced per year

« The potential amount of greenhouse gases (CO & CO,) that can be prevent by
year

Using only 1/100,000 of each region surface and 10% of solar PV energy from
theses surfaces, the production of solar PV energy reaches 2591.85 MWh.year™

which lead to GH, production can reach region’s surface and 10% of solar PV
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energy from these surfaces, the production of solar PV energy reaches 2591.85
MWh.year™, which leads to GH, production reaching up to 36 tons.year™'. The
highest and lowest values are respectively 6.12 and 0.38 tons.year'. A total
amount of 136252.7 L per year could be replace with this potential amount re-
placed with this potential amount of GH, for the whole country. Concerning the
potential of GH, energy, the production reaches 720 MWh.year™'. The highest and
the lowest annual GH, energy production potential are respectively 122.4 and 7.6
MWh. The results on greenhouse gas emissions show that 313.38 tons and 562.71
kg respectevely for CO, and CO could be prevented per year. This study could
lead to alternative axes of reflection:

« Using wind, hydropower, and Concentrated solar cells (CSP) as renewable
sources to produce GH..

« Investigate the behavior of each type of electrolyzer under Burkina Faso cli-
mate conditions.

« Compare renewable energy sources to determine which are best for the coun-
try.

In conclusion, the study’s findings show that fixed Photovoltaic-based hydro-
gen systems have the potential to transform the country’s energy landscape and
enhance its carbon neutrality goal. These results could help to strengthen the
country’s legislative and regulatory structure, as well as its efforts to transition to

a clean energy future.
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