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Abstract
 

Green hydrogen, produced through electrolysis powered by renewable energy sources such as wind, solar, 

and hydropower, is emerging as a promising solution to the world’s energy and climate challenges. This 

report explores the potential of green hydrogen to address global energy issues, reduce carbon emissions, 

and facilitate the transition to a low-carbon economy. It highlights the environmental impact of green 

hydrogen, focusing on its ability to promote sustainability, mitigate climate change, and reduce pollution in 

the future. 

Index terms – Green Hydrogen, Global energy issues, Sustainability, Climate challenges. 

I. INTRODUCTION 

Green hydrogen is produced using renewable electricity to split water into hydrogen and oxygen through 

the process of electrolysis. Unlike grey hydrogen, which is derived from natural gas and emits carbon 

dioxide (CO₂) during production, green hydrogen is a clean fuel that can help decarbonize various sectors 

of the global economy. The primary advantage of green hydrogen lies in its potential to store renewable 

energy and replace fossil fuels in sectors like transportation, industry, and power generation, where carbon 

emissions are significant. 

The global transition toward renewable energy sources, fueled by climate change concerns, is 

propelling the adoption of green hydrogen. The reduction of carbon emissions, improved air quality, and the 

facilitation of a low-carbon economy are some of the primary environmental benefits associated with green 
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hydrogen. However, challenges related to its production, storage, infrastructure, and resource use must be 

addressed for it to become a widespread solution. 

II. GREEN HYDROGEN AND ENVIRONMENTAL SUSTAINABILITY 

2.1 Reduction of Greenhouse Gas Emissions Green hydrogen plays a significant role in reducing 

greenhouse gas emissions by replacing fossil fuels in various sectors. When produced from renewable 

energy sources, the electrolysis of water does not generate carbon emissions. Furthermore, when used in 

fuel cells or combustion engines, green hydrogen releases only water vapor as a byproduct. 

                        The International Renewable Energy Agency (IRENA) projects that green hydrogen could 

contribute up to 6% of global energy-related emissions reductions by 2050 (IRENA, 2020). This is 

significant, especially as industries like steel, cement, and chemicals account for nearly 30% of global 

carbon emissions, with green hydrogen providing a viable alternative to traditional carbon-intensive 

processes (IEA, 2021). 

2.2 Decarbonization of Hard-to-Abate Sectors Certain sectors, including heavy industry, aviation, and 

shipping, are difficult to decarbonize through direct electrification. In these sectors, green hydrogen could 

replace fossil fuels as a clean alternative. For example, in the steel industry, hydrogen-based direct reduction 

methods can replace the use of coke, significantly reducing emissions. Similarly, hydrogen could power fuel 

cells in heavy trucks and ships, offering a sustainable alternative to diesel and gasoline. 

According to the World Steel Association (2021), hydrogen could reduce emissions in the steel sector by up 

to 80% by 2050, while in aviation, hydrogen-powered aircraft could significantly reduce carbon emissions 

in the long term. 

2.3 Energy Storage and Grid Balancing The intermittent nature of renewable energy generation from 

sources like wind and solar makes energy storage a crucial element of the future energy system. Green 

hydrogen can act as a storage medium, helping to balance supply and demand. Surplus renewable electricity 

can be used to produce hydrogen, which can then be stored and used during periods when renewable energy 

production is low, thus reducing reliance on fossil fuel-based backup power generation. 

                     The Hydrogen Council (2021) estimates that hydrogen could support the integration of 

renewable energy into the grid, thereby reducing the need for coal and natural gas power plants, while 

simultaneously ensuring grid stability. 

III. ENVIRONMENTAL CHALLENGES OF GREEN HYDROGEN 

3.1 Energy Demand and Efficiency The production of green hydrogen requires large amounts of renewable 

electricity, which raises concerns about the potential competition between hydrogen production and other 

renewable energy applications, such as electrification of sectors like transport and heating. Additionally, the 

electrolysis process itself is only about 70-80% efficient, with the energy losses during hydrogen production, 

storage, and transportation further reducing the overall efficiency of the hydrogen economy. 
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                IRENA (2020) highlights that improvements in electrolyzer technology and the scaling of 

renewable energy infrastructure will be crucial to reducing the energy intensity of hydrogen production. 

3.2 Water Usage and Resource Constraints Electrolysis, while environmentally friendly, requires 

significant amounts of water, which can be problematic in water-scarce regions. According to the U.S. 

Department of Energy (2020), approximately 9 liters of water are needed to produce one kilogram of 

hydrogen. While seawater desalination can help mitigate this issue, the energy demands of desalination 

processes further increase the carbon footprint of hydrogen production. 

   Sustainable water management practices, such as desalination using renewable energy, are essential to 

ensure that hydrogen production does not exacerbate water scarcity issues. 

3.3 Infrastructure Development Scaling up the green hydrogen economy will require substantial 

infrastructure investments. This includes the development of hydrogen storage facilities, pipelines, refueling 

stations, and the integration of hydrogen into existing energy grids. The construction and implementation of 

these infrastructure systems could take decades and require significant financial resources. 

              McKinsey & Company (2020) estimates that achieving a global hydrogen economy by 2050 would 

require an investment of approximately $2.5 trillion in infrastructure. The development of global hydrogen 

supply chains and international trade agreements will also be crucial for scaling up hydrogen production 

and distribution. 

IV. FUTURE IMPLICATIONS FOR CLIMATE CHANGE AND POLLUTION REDUCTION 

4.1 Mitigation of Climate Change The transition to green hydrogen is a critical element in achieving global 

climate goals, particularly the Paris Agreement’s target of limiting global warming to below 2°C. By 

reducing the reliance on fossil fuels and mitigating emissions from industrial processes, green hydrogen 

offers a path to achieving net-zero emissions by mid-century. As the technology advances and economies of 

scale reduce production costs, green hydrogen could become a major contributor to global climate mitigation 

strategies. 

According to the International Energy Agency (2021), green hydrogen could reduce up to 6 gigatonnes of 

CO₂ emissions annually by 2050, contributing to a cleaner, more sustainable future. 

4.2 Improvement in Air Quality The widespread adoption of green hydrogen in transportation and 

industrial sectors could lead to significant improvements in air quality. Replacing diesel, gasoline, and coal 

with green hydrogen would eliminate harmful pollutants such as nitrogen oxides (NOx), sulfur dioxide 

(SO₂), and particulate matter (PM), which are major contributors to air pollution and respiratory diseases. 

                 The European Commission (2020) estimates that hydrogen in transport could reduce NOx 

emissions by 50% by 2050, resulting in improved health outcomes and lower healthcare costs due to better 

air quality. 
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4.3 Global Economic Transformation The shift towards green hydrogen has the potential to stimulate 

economic growth and job creation, particularly in renewable energy, manufacturing, and infrastructure 

development. Countries rich in renewable energy resources, such as Australia, Chile, and Morocco, could 

become major exporters of green hydrogen, further diversifying the global energy mix. 

McKinsey & Company (2020) suggests that the hydrogen economy could create up to 30 million jobs 

worldwide by 2050, transforming industries and contributing to economic resilience. 

V. CONCLUSION 

Green hydrogen holds significant promise for addressing the global energy crisis, reducing carbon 

emissions, and transitioning to a low-carbon economy. Its environmental benefits, such as reducing 

greenhouse gas emissions, improving air quality, and enabling the decarbonization of hard-to-abate sectors, 

make it a key component of future sustainable energy systems. However, challenges related to energy 

efficiency, water usage, and infrastructure development need to be addressed to fully realize its potential. 

With continued technological innovation, supportive policies, and international cooperation, green hydrogen 

can play a pivotal role in mitigating climate change and achieving global sustainability goals. 
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