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. . Steel production, as a foundational industry and one of the earliest segments in the
éggrec;ygaeber va}lue chain of_ goqu and s_ervices, _remains esse_ntial to econo_mic devglopment.
Given the historically high environmental impact associated with steel

manufacturing, the use of green hydrogen as both an energy source and a means for
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Province, due to its proximity to the Persian Gulf and access to seawater, offers
considerable potential for the production of green hydrogen. The use of floating solar
panels combined with electrolysis technology provides a promising pathway for
sustainable hydrogen generation. In this study, after identifying suitable locations for
the installation of seawater pretreatment systems, the desalination process was
modeled using the WAVE software. The required energy for the electrolysis process
and initial hydrogen production was then calculated. Subsequently, the configuration
of the floating solar panel arrays was simulated using PVSOL software. Based on the
simulation results, under a daily operational schedule of 8 hours, and with the
proposed floating solar segments supplying the required energy, it is possible to
produce over 18.5 tons of hydrogen annually. By expanding the buffer storage tanks
and increasing the number of floating solar sectors, the system’s production capacity
can be scaled up to meet higher consumption demands.
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Introduction

Currently, the steel industry is among the top three global emitters of carbon dioxide (CO2), with a
significant portion of greenhouse gas emissions originating from a relatively small number of concentrated
sites. As a result, steel plants are prime candidates for deep decarbonization. While the industry must adapt
to these emerging conditions, this transition can also be viewed as an opportunity to maintain its long-term
license to operate. According to the World Steel Association’s 2018 report, the production of one ton of
steel results in an average emission of 1.85 tons of CO:, accounting for approximately 8% of global CO:
emissions. Steelmaking is inherently a carbon-intensive and globally scaled industry. In its 2021 statement,
the World Steel Association reported that 1,860 million tons of steel were produced in 2020, resulting in
the emission of approximately 2.6 billion tons of CO., which represents between 7% and 9% of
anthropogenic global CO: emissions. One of the most debated challenges in green hydrogen production is
the scarcity of freshwater and the high cost of renewable energy sources. However, in Iran—specifically in
the city of Bandar Abbas—these challenges are mitigated due to its proximity to the sea, abundant solar
radiation, and the existing infrastructure for seawater desalination. These factors make the process
economically viable, sustainable, and mutually beneficial. Numerous studies conducted in Hormozgan
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Province confirm the high efficiency and productivity potential of solar panel installations and solar power
plants in the region, indicating its strong capacity for renewable energy generation.

Material and Method

A critical step in conducting this research involves examining the raw input material required to
establish the infrastructure for seawater distillation, which serves as the primary feedstock. Due to the
high regional temperatures and limited freshwater inflow, the Persian Gulf exhibits elevated salinity
levels and a higher concentration of suspended solids compared to the open ocean. Therefore, for
applications such as hydrogen production and seawater distillation, it is essential to reduce both
salinity and particulate matter. The primary objective of the seawater pretreatment process is to reduce
the salinity to levels comparable to brackish water. This not only reduces energy consumption in
subsequent processing stages but also minimizes the salinity and pollutant load in the brine discharged
back into the sea, thereby mitigating the environmental impact of the overall process. To achieve this,
a reverse osmosis (RO) system incorporating semipermeable membranes, high-pressure pumps, and
piping infrastructure was modeled using specialized software. After simulation and data processing,
performance outputs were obtained. Following the estimation of energy requirements for both
electrolysis and desalination, the next step was to determine an appropriate renewable energy source.
Given the project's focus on green hydrogen production and considering Bandar Abbas’s high solar
energy potential, the energy demand is proposed to be met using solar photovoltaic (PV) systems.
Among recent innovations, floating solar panel systems have gained prominence as a viable solution
for maximizing solar energy utilization, especially in coastal and water-rich regions.

Results and Discussion

The amount of energy generated by the system varies throughout the year due to changes in solar
angle, sun elevation, and ambient temperature, all of which significantly affect the performance of
photovoltaic panels. Nevertheless, the system is capable of supplying over 95% of the required energy
for green hydrogen production, with only approximately 5% needing to be supplemented by the
national power grid. Based on simulation results, using floating solar panel segments and operating the
system for 8 hours per day, it is possible to produce more than 18.5 tons of hydrogen annually. By
expanding the number of floating panel sectors and buffer storage tanks, hydrogen production can be
scaled up to meet specific consumption requirements. However, the most critical outcome of this
process is the significant reduction in CO: emissions. According to calculations, if the same amount of
hydrogen were to be produced using fossil fuels or non-renewable energy sources, it would result in
the emission of approximately 460,000 kilograms (460 metric tons) of CO: annually. Therefore, this
system offers a substantial contribution to greenhouse gas mitigation and supports compliance with the
goals of the Paris Agreement on Climate Change.

Conclusions

Undoubtedly, the advancement and development of the country’s major industrial infrastructure
largely depend on the steelmaking industry. As a sector situated at the upstream of the value chain for
products and services, the absence or underdevelopment of this industry would pose significant
challenges to national economic growth. On the other hand, widespread concerns have been raised
regarding the high energy intensity and environmental emissions associated with steel production,
which have considerable ecological consequences. Leveraging the proximity of the Persian Gulf to
Bandar Abbas and the steel plants in Hormozgan Province presents a valuable opportunity for the
production of green hydrogen, contributing directly to the realization of green steel. Since the brine
discharge from the pretreatment system is only slightly less saline than the intake seawater, its return
to coastal waters poses minimal environmental risk. The implementation and expansion of this process
not only support the transition toward green industry in Hormozgan but also promote employment
opportunities for highly educated professionals and individuals with research experience. Emerging
technologies are rapidly advancing toward the integration of hydrogen-based systems into industrial
applications. In addition to seawater, the use of industrial wastewater and biomass residues within
existing steel plant facilities can help establish a fully circular and low-emission system, enabling
progress toward sustainable, environmentally responsible development in the region.
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1. General Bathymetric Chart of the Oceans
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1. Water Application Value Engine
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3. Salt Plume
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1. Decomposition Potential
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