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Abstract. This article presents a digital model used to simulate a hydrogen
production system powered by photovoltaic energy. The behavior of the system
is analyzed over a 24 hour period under different climatic conditions. contexts,
Standard photovoltaic modelling techniques are used to evaluate the power
produced by the solar field taking into account changes in irradiance and the
effect of temperature on the modules' electrical performance.The electrical
power produced by the photovoltaic field is modelled based on solar irradiance
and cell temperature, this calculated power is then corrected for converter
efficiency to estimate the power actually available at the electrolyser input,
hydrogen production is then determined based on the available electrical power,
using Faraday's law and the Faradaic efficiency of the electrolyzer. Hourly
production is accumulated over the entire simulated period to obtain total daily
production. The results proposes the cumulative hydrogen production for each
area studied, as well as the hourly evolution of electrical power. The comparative
analysis highlights the significant influence of regional climatic conditions on
the system's performance, particularly with regard to the availability of electrical
energy consequently, the potential for hydrogen production. This approach,
which is both simple and consistent, allows an effective estimation of the daily
green hydrogen production from solar energy in different geographical areas.

Introduction

The transition to low-carbon energy systems is possible through the use of sustainable energy
carriers capable of meeting demand, these energy carriers should also help reduce greenhouse
gas emissions. With this in mind, green hydrogen produced by electrolysis of water using
renewable energy is presented as a potential solution for decarbonizing sectors that are difficult
to reduce, such as heavy industry, long-distance transportation, and long- term energy storage[1].
Morocco has adopted a national green hydrogen strategy to enhance its energy independence and
expand its exports to Europe. The country has strong potential in renewable energy, especially
solar and wind [2]. Local climate factors including as temperature, humidity, and irradiance,
which differ substantially among vary Morocco's regions, nevertheless, still have a big influence
on how well these systems work. Few thoroughly explored the hourly variations of green
hydrogen production according to regional specifics, despite a wealth of study on Morocco's
potential [3].

This study aims to bridge the gap by simulating green hydrogen production from photovoltaic
electrolyzer systems in six Moroccan cities over a 24 hour period,The study computes the
electrical power provided to the electrolyzer and the cumulative hydrogen generation using
actual meteorological data and a MATLAB/Simulink model. The findings make it easier to
analyze how regional climate influences system performance and assist in determining which
areas are best suited for upcoming green hydrogen projects.
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1.1 Aim of the study

This study is to provide a clear, scientifically sound comparison of day- scale hydrogen
production potential across six Moroccan cities Marrakech, Agadir, Meknes, Ifrane, Tangier,
and Errachidia. We use hourly profiles of solar irradiance and ambient temperature to achieve
this goal. Rather than expanding the analysis to the full hydrogen chain, the study
intentionally focuses on the key interface between solar electricity generation and electrolysis.
For this reason, the paper reports only two core outputs : the actual electrical power delivered
to the electrolyzer, and the corresponding hydrogen production rate, as well as the cumulative
hydrogen produced throughout the day. The central question is how site- specific climatic
conditions translate into differences in the power available for electrolysis and consequently
into differences in daily hydrogen yield. We measure and evaluate differences in usable power
levels, temporal dynamics (ramp-up, peaks, and low-power periods), and overall daily
performance between cities by monitoring the intraday evolution of electrical power and
hydrogen production. The study's ultimate goal is to support site selection and preliminary
sizing of solar-driven hydrogen production systems in Morocco within a traceable and
reproducible framework by offering a transparent, metric-based comparison and a consistent
ranking of the six locations using indicators that are solely derived from Pe| and H» outputs.

1.2 Methodology

1.2.1 The area studied and Data

The six Moroccan cities of Marrakech, Agadir, Meknés, Ifrane, Tangier, and Errachidia have
been selected to showcase the country's climatic and physical diversity. These cities can be found
in coastal locations like Agadir on the Atlantic Ocean and Tangier at the Strait of Gibraltar, or
in high, inland locations like Meknés and Ifrane in the Middle Atlas Mountains. Arid/pre-
Saharan landscapes like Errachidia and semi-arid Marrakech are also included in the cities. This
sampling approach is consistent with Morocco's methods for classifying climates, such as those
outlined in thermal legislation[4]. This work utilizes hourly time series of solar irradiance (W/m?)
and temperature (°C), which are standard parameters for studying and modeling energy systems.
The significant spatial variability of solar potential in Morocco, particularly between the north
and the south/southeast, is extensively covered in the literature[5].

1.2.2 Meteorological and solar data (irradiance and temperature)

In this work the input variables used particularly solar irradiance and ambient temperature-
were extracted from the Moroccan PROPRE.MA [6] plateform (Photovoltaic productivity at
the Regiomal Scale). Supported by IRESEN, This project aims to develop maps of photovoltaic
potential in Morocco, relying on accurate field measurements and an instrumentation network
deployed across various sites nationwide. In this context a monitoring setup was developed that
includes meteorological sensors capable of measuring, among other variables, solar irradiance
and ambient air temperature. For six cities examined in this study (Marrakech, Agadir, Meknes,
Ifran, Tangier, and Errachidia), we used hourly time-series data of irradiance (w/m?) and air
temperature(°C). The datasets were then processed using standard procedures-consistency
checks, missing-data handling, and outlier filtering-to ensure robust input for the simulations.
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Irradiance and temperature time series from PROPRE.MA are the primary
meteorological variables used in this study to model and assess the system's performance.
We provide hourly changes in outdoor temperature and sun irradiance for each city over
the study period in order to highlight their temporal fluctuation and differences across
sites. The normal daily routines in the various regions are depicted in these diagrams.
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Figure 1 Evolution of Temperature
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Figure 2 Evolution of Irradiance

1.2.3 Structure of the Simulation Process

This study employs real, hourly weather data (solar irradiation and ambient temperature)
to simulate the operation of a photovoltaic system coupled with an electrolyzer over a 24-
hour period in six Moroccan cities. The actual available electrical power is determined by
computing the photovoltaic power using the PV generator's parameters and taking into
account the impact of cell temperature with a NOCT-type formulation. This value is
then modified by the converter efficiency. This power is used to estimate hydrogen
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production in cumulative form to track the temporal evolution of the quantity produced
throughout the day. Two main indications are used to summarize the results: the
cumulative hydrogen generation and the hourly profile of electrical power. This allows
for a direct comparison of performance ; otherwise, a higher net power corresponds to a
higher hydrogen flow rate. The hourly production over a day is added up to determine
cumulative hydrogen production. This results in a cumulative curve that increases faster
during times when solar resources are highest, which is often around midday.

Figure 1 presents the simulation flowchart to provide a concise and transparent view of
the computation chain. It covers all steps from ingesting hourly meteorological inputs to
evaluating the electrical power supplied to the electrolyzer, the resulting hydrogen
production rate, and the 24-hour cumulative hydrogen yield.

The diagram reflects the MATLAB/Simulink implementation, the hour-by-hour
calculation sequence, and the specific outputs retained for reporting and discussion in this
study, namely P, (t), my,(t) and the cumulative hydrogen production over 24 hours.
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Figure 3 Simulation flowchart(24-hour analysis, hourly time step)
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1.2.4 Modeling and Governing Equation

In this study, the PV electrical power output is estimated using the two meteorological
variables effectively considered in the analysis: incident solar irradiance and ambient
temperature. Irradiance directly drives the level of electrical generation, whereas ambient
temperature affects module performance by altering the cell operating temperature and,
consequently, the electrical efficiency. Accordingly, the PV power is computed at each
hourly time step from G(t) and T,(t), which constitute the climatic inputs used in our
simulations[7].

Py = fpuYpu(T+ap, (T — TS“))(i) (")

In this study, the PV module cell temperature is estimated using the meteorological variables
that are actually available and employed in our simulations, namely solar irradiance G(t) and
ambianttemperature T, (t). In other words,T,(t)is computed through a relation driven by
irradiance and outdoor temperature without applying any wind-speed-dependent
correction[8].

T, =T, +5r( —”—)(L) @)
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The electrical power effectively supplied to the electrolyzer, along with the resulting
hydrogen production, can be expressed by the following equation.

Bise = Ncon- va (3)

In this study, the hydrogen production rate of the electrolyzer is determined based on
Faraday's law, by relating the electrical current supplied to the system to the amount of
hydrogen generated. For the electrolyzer configuration considered, this approach makes it
possible to link the electrical power input to the resulting hydrogen production while
accounting for the electrochemical conversion efficiency [9].
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In the present study, using the energy balance presented in Eq (6), the net electrical energy
delivered to the electrolyzer is used to estimate the hydrogen production[10].

P
my, = 2 (6)

The sum of the predicted production values throughout all time periods is the total hydrogen
yield [11].

HZ,cum = Zleil my, (kg) (7)
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2 Results

This section shows the simulation of a photovoltaic system connected to an
electrolyzer in a number of Moroccan cities under various weather scenarios. The study
uses actual meteorological data, including ambient temperature and solar irradiance, to
examine how the system operates over a typical 24-hour period.

The objective is to demonstrate the influence of daily intraday variations in weather
conditions on P, (t), the actual electrical power provided to the electrolyzer, and
consequently the rate and cumulative production of hydrogen over the course of a day.
The results are presented as chronological curves showing the ramp-up phases, maximum
values, low production intervals, and periods of virtually zero production for each site.
The graphs below compare the system response in each city while showing the variations
in daily dynamics and apparent efficiency associated with local conditions, based on
identical system parameters, this approach allows us to helps identify locations that offer
the best balance between useful energy availability and hydrogen production over a 24-
hour period. This provides a quantified basis for comparing different cities and for the
initial selection of sites.
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Figure 4 Daily profile of electrical power output from the PV system for different
Moroccan cities.
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3 Interpretation

The net electrical power shows the expected daily photovoltaic energy profile for each
site. It increases after sunrise, peaks around noon, and decreases in the evening. Of the
six sites, Tangier has the highest and most stable daytime electricity production, which
indicates consistent and strong solar input throughout the simulated day Errachidia and
Meknes follow with similar power levels, staying close to maximum values throughout
the day. While Marrakech shows significant variations during the day, corresponding to
short-term changes in irradiance, Agadir’s profile is generally more consistent. Ifrane
consistently produces the least amount of electricity, suggesting that solar conditions were
less favourable during the period in question. Overall, the differences between the cities
emphasise the direct impact of local climate on the quantity of electricity available for
electrolysis.

The steady rise in total hydrogen production throughout the course of the day in six
Moroccan cities is depicted in Figure 5. All of the curves are initially near zero and nearly
superimposed on one another, suggesting very little production in the early morning. The
curves begin to rise in the morning as the system is powered by enough sunshine. At
midday, when instantaneous production is at its highest, this increase becomes more
noticeable; this is shown by a maximum slope on the graph. The slope steadily declines
throughout the day, indicating a slowing in output. The curves level off and stabilize as
the day goes on. This means that production is getting close to zero. The final value shows
the total amount of hydrogen produced over 24 hours; a comparison of the sites reveals
that they are very different. Tangier records the highest cumulative hydrogen
(approximately 0.31 kg), indicating sustained and relatively stable production throughout
most of the day. Meknes, Marrakech, and Errachidia follow with similarly high totals that
are close to each other (approximately 0.27 to 0.29 kg), suggesting comparable
performance. Agadir shows an intermediate yield (approximately 0.23 kg), while Ifrane
stands out with a significantly lower total (approximately 0.14 to 0.15 kg), indicating less
favorable conditions during the simulated day. These contrasts demonstrate that daily
hydrogen production is strongly influenced by the availability and stability of solar
energy, which generally increases in the morning, peaks around noon, and decreases in
the evening, even under identical conditions.

4 Conclusion and Perspectives

This study showed that local climatic factors, especially ambient temperature and sun
irradiation, which vary widely throughout Morocco, have a direct impact on the quantity
of electrical power available for electrolysis.These factors therefore affect both the
cumulative hydrogen yield and the intraday production profile (start, peak, and drop).
These findings are consistent with earlier research showing that regional climate zones
and the spatial variability of solar resources have a major influence on the efficiency and
cost of electrolytic hydrogen production in Morocco.

One of the top research priorities in the near future is to expand the code beyond a
single typical day so that a full year simulation (8,760 hours) can be conducted and
statistically sound comparisons between Moroccan cities can be made. An annual model
with hourly intervals could specifically account for extreme events (like heat waves or
extremely cloudy days), seasonal variability (like the transition from winter to summer),
and their combined effects on the quantity of electrical energy available for electrolysis
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and, in turn, hydrogen production. This approach is consistent with research on
converting solar energy into hydrogen.

This research shows that using hourly meteorological data (e.g., irradiance and
temperature) can significantly alter the results of analyses transitioning from the daily
scale to annual indicators. This allows for more precise comparisons to be made between
different sites and climatic condition
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