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economic analysis, hybrid electrolyzer for hydrogen production in the climatic
system conditions of Mazandaran province. The mathematical

modeling of the photovoltaic panel, based on a five-
parameter model and the electrolyzer, was performed

using the voltage-current curve obtained from fitting
experimental data. Solar radiation and temperature data
Paper History: of Ghaemshahr city were used as model inputs, and the
Received: 09/02/2026 system performance was investigated on a daily and
ii‘é;sst;g?g’;g%g% seasonal scale. Every 10% increase in radiation leads to

' about 10% increase in hydrogen production rate. In the
temperature range of 5 to 40 degrees Celsius, the
average hydrogen production rate increased by less
than 2%, indicating that it did not have a significant
effect on system performance. Temperature had a dual
effect on the system: increasing temperature reduced
the efficiency of the photovoltaic panel but improved
the conductivity of the electrolyte in the electrolyzer.
Electrical matching analysis showed that in direct
connection, the system operating point was near the
maximum power point of the photovoltaic panel in
most climatic conditions. An economic analysis of
implementing a 5-kW system in Mazandaran Province
showed that the project was economically justified
assuming the current price of hydrogen. Also, as the
price of hydrogen increases, the payback period will
decrease significantly.
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Extended Abstract

Introduction

Given the limited fossil fuel resources and the
environmental consequences of greenhouse
gas emissions, the development of clean
energy production technologies is considered
one of the necessities of the present era. Green
hydrogen, as a clean and multifunctional
energy carrier, has the potential to be a suitable
replacement for fossil fuels in the industrial,
transportation and energy storage sectors. In
this regard, photovoltaic-proton exchange
membrane electrolyzer (PV-PEM) hybrid
systems have attracted the attention of
researchers due to their simplicity of structure
and the possibility of direct hydrogen
production from solar energy. This research
simulates and, comprehensively, evaluates the
technical and economic performance of a
hybrid green hydrogen production system in
the unique climatic conditions of Mazandaran
Province (Qaemshahr city), which has humid
and temperate climate characteristics.

Materials and Methods

In this study, an integrated simulation
framework was developed based on a five-
parameter mathematical model for the
photovoltaic panel and an empirical voltage—
current model for the PEM electrolyzer. The
input data included the actual values of solar
radiation and ambient temperature measured in
Qaemshahr city by a pyranometer at 48 daily
time points. For the annual performance
analysis, four representative seasonal days
(spring, summer, autumn, and winter) were
selected using the meteorological data of the
region, and their radiation and temperature
were estimated. The photovoltaic panel was
modeled based on the five-parameter Lorenzo
diode equation and the DeSoto method to
adjust the parameters under different
temperature and radiation conditions. The
electrolyzer was modeled using the voltage—
current curve obtained from the nonlinear
fitting of the laboratory data. Economic
analysis was performed based on the
discounted cash flow (DCF) method,
considering a discount rate of 23%, inflation of

30%, a project life of 20 years, and an initial
investment cost of $1,600 per kW.

Results

The simulation results showed that the direct-
coupled system operated automatically near
the maximum power point (MPP) of the panel
without the need for a power electronic
converter or MPPT controller. As a result, the
average distance of the operating point from
the MPP in the summer was measured to be
less than 5%. This finding was of great
importance  because it maintained the
simplicity of the system structure and reduced
investment and maintenance costs. Seasonal
analysis of hydrogen production indicated that
the highest instantaneous production rate
occured in summer (0.035 mi/s) and the lowest
in winter (0.015 ml/s), indicating a significant
fluctuation in production throughout the year.
Sensitivity analysis confirmed that solar
radiation was the dominant factor affecting
production; every 10% increase in radiation
leads to about 10% increase in hydrogen
production rate. In the temperature range of 5
to 40 degrees Celsius, the average hydrogen
production rate increased by less than 2%,
indicating that it did not have a significant
effect on system performance. Temperature
had a dual effect on the system: increasing
temperature reduced the efficiency of the
photovoltaic  panel but improved the
conductivity of the electrolyte in the
electrolyzer. In low radiation conditions (less
than 400 W/m?), temperature variations
affected production by up to 15%, highlighting
the importance of designing hybrid systems to
reduce fluctuations.

An economic analysis of a 5-kW system
showed that in the climatic conditions of
Mazandaran, the system was capable of
producing about 150 kg of hydrogen annually.
Assuming the current hydrogen price
($4.5/kg), the project’s net present value
(NPV) was positive and the economic
breakeven point occured at a price of $3/kg,
which was lower than the current market price.
The discounted payback period under current
conditions was estimated to be about 13 years,
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which would decrease to less than 8 years if
the hydrogen price increased to $6 per kg.

Discussion and Conclusions

These findings confirm that given the rising
trend of green hydrogen prices in global
markets and the strategic importance of
reducing dependence on fossil fuels in Iran,
this project will be economically justified in
the long term. In conclusion, direct
photovoltaic-electrolyzer coupled systems are
a viable option for green hydrogen production

in areas with medium to high radiation
potential such as northern Iran. However, for
widespread commercialization, it is suggested
to use hybrid systems (combining
photovoltaics, wind, and batteries) to reduce
seasonal fluctuations as well as anti-dust
technologies to maintain the efficiency of the
panels in the long term. This research is
considered a practical step towards developing
hydrogen infrastructures in Iran and
transitioning to a low-carbon economy.
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