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Abstract

The global push toward decarbonization has intensified interest in clean and sustainable energy 
carriers. Green hydrogen, produced using renewable energy sources through water electrolysis, 
has emerged as a promising solution for reducing carbon emissions across multiple sectors. Unlike 
grey  or  blue  hydrogen,  green  hydrogen  offers  a  zero-emission  pathway  for  energy  storage, 
transportation, and industrial  applications. This paper presents a comprehensive study of green 
hydrogen energy systems, focusing on production technologies, storage and distribution methods, 
and key application domains. The paper also examines economic,  technical,  and infrastructural 
challenges associated with large-scale adoption. Analysis indicates that green hydrogen can play a 
critical  role  in  achieving  net-zero  targets,  particularly  in  hard-to-abate  sectors  such  as  heavy 
industry and long-distance transportation.

Keywords

Green Hydrogen, Renewable Energy, Electrolysis, Energy Storage, Decarbonization, Sustainable 
Energy



Journal of Scientific Research & Technology Development

E-ISSN: 3107-5371                              www.ijsrtd.com                              info.ijsrtd@gmail.com

Volume 2, Issue 2, Jan – Feb 2026

IJSRTD Journal of Scientific Research & Technology Development 
(www.ijsrtd.com)

2

1. Introduction

The increasing impact of climate change and the depletion of fossil fuel reserves have compelled 
nations to transition toward low-carbon energy systems. Renewable energy sources such as solar 
and wind have grown rapidly; however, their intermittent nature presents challenges for grid stability 
and long-term energy storage. Hydrogen has gained attention as a versatile energy carrier capable 
of storing and transporting energy in a clean and efficient manner.

Green hydrogen is produced by splitting water into hydrogen and oxygen using electricity generated 
from renewable sources. When used as a fuel,  hydrogen produces only water as a byproduct, 
making  it  an  environmentally  friendly  alternative  to  fossil  fuels.  Governments  and  industries 
worldwide are investing in hydrogen strategies to support energy transition goals.

This paper explores green hydrogen energy systems, analyzing production methods, applications, 
benefits, and challenges. The role of green hydrogen in supporting sustainable energy systems and 
achieving climate targets is also discussed.

2. Literature Review

Hydrogen energy research dates back several decades, with early studies focusing on its use as a 
rocket fuel and industrial feedstock. More recently, attention has shifted toward hydrogen’s role in 
sustainable energy systems. Researchers have classified hydrogen production methods based on 
carbon intensity, distinguishing between grey, blue, and green hydrogen.

Several studies highlight the environmental advantages of green hydrogen. Turner demonstrated 
the potential of hydrogen as a clean energy carrier when produced using renewable electricity. IEA 
reports emphasize the role of hydrogen in decarbonizing industrial sectors such as steel, cement, 
and chemicals.

Research  has  also  focused  on  electrolysis  technologies,  including  alkaline  electrolysis,  proton 
exchange  membrane  (PEM)  electrolysis,  and  solid  oxide  electrolysis.  While  promising,  these 
technologies face challenges related to efficiency,  cost,  and scalability.  This paper builds upon 



Journal of Scientific Research & Technology Development

E-ISSN: 3107-5371                              www.ijsrtd.com                              info.ijsrtd@gmail.com

Volume 2, Issue 2, Jan – Feb 2026

IJSRTD Journal of Scientific Research & Technology Development 
(www.ijsrtd.com)

3

existing literature by providing an integrated perspective on green hydrogen energy systems and 
their future prospects.

3. Methodology

The research methodology adopts an analytical and comparative approach:

3.1 Technology Review

Various green hydrogen production technologies are analyzed based on efficiency, maturity, and 
cost.

3.2 Application Analysis

Key application sectors such as transportation, power generation, and industry are evaluated for 
hydrogen adoption potential.

3.3 Sustainability Assessment

Environmental and economic impacts of green hydrogen systems are assessed using reported data 
and case studies.

3.4 Comparative Evaluation

Green hydrogen systems are compared with conventional fossil-based energy solutions to evaluate 
advantages and limitations.
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4. Green Hydrogen Production Technologies

4.1 Alkaline Electrolysis

Alkaline  electrolysis  is  a  mature  and  widely  used  technology.  It  offers  relatively  low  cost  but  
operates at lower current densities and slower response times.

4.2 Proton Exchange Membrane (PEM) Electrolysis

PEM electrolysis provides higher efficiency and faster response, making it suitable for integration 
with variable renewable energy sources. However, it involves higher capital costs.

4.3 Solid Oxide Electrolysis

Solid  oxide  electrolysis  operates  at  high  temperatures  and  offers  high  efficiency.  Despite  its 
potential, it is still in the developmental stage and faces material challenges.

5. Applications of Green Hydrogen

5.1 Energy Storage and Power Generation

Green hydrogen can store excess renewable energy and generate electricity  through fuel  cells 
during peak demand.

5.2 Transportation Sector

Hydrogen fuel cell vehicles provide long driving ranges and fast refueling, making them suitable for 
heavy-duty transport.



Journal of Scientific Research & Technology Development

E-ISSN: 3107-5371                              www.ijsrtd.com                              info.ijsrtd@gmail.com

Volume 2, Issue 2, Jan – Feb 2026

IJSRTD Journal of Scientific Research & Technology Development 
(www.ijsrtd.com)

5

5.3 Industrial Applications

Industries  such  as  steelmaking  and  ammonia  production  can  replace  fossil  fuels  with  green 
hydrogen to reduce emissions.

5.4 Heating and Gas Networks

Hydrogen can be blended into natural gas networks or used directly for heating applications.

6. Results and Discussion

Analysis indicates that  green hydrogen systems significantly  reduce greenhouse gas emissions 
when powered by renewable energy. Case studies from pilot projects show successful integration 
of  hydrogen  into  industrial  processes  and  transport  systems.  However,  high  production  costs, 
limited infrastructure, and energy losses during conversion remain major challenges.

Cost reductions are expected as renewable energy prices decline and electrolysis technologies 
mature. Policy support, technological innovation, and international collaboration are essential for 
large-scale deployment.

7. Conclusion and Future Scope

Green  hydrogen  represents  a  key  pillar  of  the  global  energy  transition,  offering  a  sustainable 
solution  for  decarbonizing  multiple  sectors.  While  technical  and  economic  challenges  remain, 
ongoing  research  and  investment  are  driving  rapid  progress.  Future  research  will  focus  on 
improving electrolysis efficiency, developing cost-effective storage solutions, and building hydrogen 
infrastructure. With supportive policies and technological advancements, green hydrogen has the 
potential to become a cornerstone of sustainable energy systems.
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