Journal of Sustainable Energy Systems
Home Page: https://ses.ut.ac.ir

Online ISSN: 2980-8693

The University of Tehran Press

Hydrogen Production and Electrification: Transforming the Chemical
Industry for a Sustainable Future

Mohammad Amin Asban*’:' | Mohsen Salimi®"* | Majid Amidpour®”

1. Department of Energy System Engineering, Faculty of Mechanical Engineering, K.N. Toosi University of Technology,
Tehran, Iran. Email: moh.asbhan@email.kntu.ac.ir

2. Renewable Energy Research Department, Niroo Research Institute (NRI), Tehran, Iran. Email: msalimi@nri.ac.ir

3. Corresponding Author, Department of Energy System Engineering, Faculty of Mechanical Engineering, K.N. Toosi
University of Technology, Tehran, Iran. Email: amidpour@kntu.ac.ir

ARTICLE INFO

ABSTRACT

Article type:
Research Paper

Article History:

Received: 22 May 2025
Revised: 27 July 2025
Accepted: 25 November 2025
Published Online: 28 May 2026

The transition to sustainable energy systems has placed hydrogen at the center of
attention as a clean and versatile energy carrier. This paper reviews recent
advancements in hydrogen production technologies, their various applications, and
the challenges associated with integrating hydrogen into global energy systems.
Currently, hydrogen is mainly produced from fossil fuels, but it holds significant
potential to play a transformative role in achieving net-zero emissions by 2050. The
analysis emphasizes the importance of shifting from conventional production
methods, such as steam methane reforming (SMR), to low-carbon and renewable
approaches like electrified steam methane reforming (E-SMR) or electrolysis

powered by renewable sources. Hydrogen’s role in decarbonizing hard-to-abate
sectors, including transportation, the steel industry, and chemical manufacturing, is
also highlighted. While the roadmap for global hydrogen integration appears
promising, achieving scalability and sustainability will require coherent policies,
technological innovation, and strong economic incentives to support the widespread
adoption of hydrogen in the global energy transition.
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Introduction

Hydrogen is increasingly recognized as a critical component of the global energy transition. As an
energy carrier, it offers a unique ability to decarbonize sectors that are otherwise challenging to
electrify. The International Energy Agency (IEA) projects that hydrogen will contribute approximately
10% of total energy demand by 2050 under a net-zero scenario, marking a sixfold increase in current
utilization. While hydrogen derived from fossil fuels remains the dominant production pathway, the
pressing need to mitigate greenhouse gas emissions has accelerated the development of alternative
methods such as renewable-powered electrolysis and E-SMR and Carbon Capture and Storage (CCS)-
enabled SMR.

The deployment of hydrogen as a clean energy vector spans a diverse range of applications,
including fuel cell electric vehicles (FCEVs), ammonia synthesis, methanol production, and direct
reduction of iron for steelmaking. However, achieving widespread adoption requires overcoming
economic and technical barriers, including high production costs, infrastructure limitations, and energy
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inefficiencies. This document explores the technological advancements, industrial strategies, and
policy frameworks that are shaping the future of hydrogen, with a focus on its integration into global
energy markets and its role in achieving long-term decarbonization targets.

Conclusion

Hydrogen stands at the nexus of innovation and necessity in the quest for a sustainable energy future.
Despite its significant promise, the transition to a hydrogen-driven economy faces multiple challenges,
including cost reduction, scaling production technologies, and establishing robust infrastructure. The
integration of hydrogen into energy systems, especially through renewable-driven SMR that represents
a pivotal opportunity to decarbonize hard-to-abate sectors.

In conclusion, hydrogen's potential lies in its ability to bridge the gap between renewable energy
generation and industrial applications. With coordinated global efforts in research, policy, and market
development, hydrogen could not only meet ambitious climate goals but also redefine energy
economics for the 21st century. As countries and industries adopt comprehensive hydrogen strategies,
the collaboration among stakeholders will be instrumental in shaping a cleaner and more resilient
energy landscape.
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1. Energy Storage Systems
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1. Steam Methane Reform
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1. Water Gas Shift
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1. Carbon Capture Storage
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1. Electrified Steam Methane Reforming
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