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Abstract - The global commitment to providing sustainable and 
eco-friendly energy by 2030 has resulted in multiple pilot studies 
for the development of clean technologies. Green hydrogen is a 
potential option to ensure sustainable global energy needs. To 
accelerate its climate objectives, Pakistan has embarked on a 
strategic transition to green hydrogen in order to reduce 
dependence on fossil fuels and achieve energy security. This 
research undertakes a comparative examination of green 
hydrogen policies in advanced jurisdictions and assesses the 
viability of strategic shifts within Pakistan’s socio-economic and 
demographic environment to attain energy sovereignty. 
Adopting a semi-structured qualitative methodology, the 
research investigates sustainable livelihoods, investment 
prospects, interoperability mechanisms, and local drivers 
within Pakistan’s policy environment. The research provides 
critical policy recommendations and proposes a practical model 
for achieving energy sovereignty. The major challenges 
identified include production scalability, sectoral consumption 
patterns, and policy and regulatory alignment. The study is 
constrained by the limited availability of primary data due to 
data protection laws in Pakistan. 
Keywords: Green Hydrogen, Renewable Energy, Sustainability, 
Clean Energy 

I. INTRODUCTION

The breakdown of water molecules through electrolysis, 
thermochemical, or biochemical pathways from biomass has 
been one of the most economically viable options in recent 
times to achieve carbon neutrality [1]. Pakistan, in line with 
the United Nations Climate Change Conference (Paris 
Agreement), has pledged to reduce its carbon footprint and 
achieve decarbonization [2]. In this regard, investment in 
green hydrogen infrastructure is viewed as a strategic step 
toward sustainable energy autonomy and reduced 
dependence on fossil fuels. To achieve global 
decarbonization ambitions, Pakistan has set ambitious targets 
to increase the production of green hydrogen, which will 
redefine the energy sector by facilitating the shift toward 
clean energy sources in sectors such as transportation, 
shipping, aviation, and heavy industries [3]. Figure 1 presents 
a schematic overview of emerging alternative pathways for 
green hydrogen production using renewable energy Sources. 

Fig.1 Emerging Alternative Pathways for the Production of Green Hydrogen from Renewable Sources 

Recognizing the central role of green hydrogen in the energy 
transition, the Government of Pakistan has taken proactive 
steps to build electrolyzer manufacturing capacity and 

establish pilot projects under a strategic plan for the Green 
Hydrogen Transition [4]. The aim is to produce at least five 
million metric tons of green hydrogen per year by 2030 to 
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address domestic energy needs and establish a sustainable 
market for hydrogen-based synthetic fuels [5]. This shift will 
not only substitute fossil fuels but also streamline energy 
consumption trends in major industrial sectors. To facilitate 
this transition, global collaboration and cooperation have 
been prioritized to create infrastructure such as low-carbon 
emission technologies, manufacturing plants, grid 
interconnections, and regulatory frameworks [6]. The 
government has also rolled out financial support, risk 
protection measures, and foreign direct investment (FDI) 
avenues to strengthen the green hydrogen value chain and 
support energy sustainability [7]. For example, investments 
in green hydrogen production units, the construction of 
transport and distribution infrastructure, and the 
establishment of skill development centres are likely to 
propel the growth of the green hydrogen industry. 

As part of its strategic planning, Pakistan’s Ministry of 
Energy has mandated that a considerable portion of the 
nation’s total energy requirements be sourced from 
renewable energy by 2030 [8]. Various provinces have 
already initiated regional policies to support the green 
hydrogen transition. For instance, Punjab has launched a 
Green Hydrogen and Green Ammonia Policy to establish 
manufacturing plants and encourage hydrogen production for 
industrial and transport purposes [9]. Sindh has designated 
non-usable and arid land for setting up hydrogen production 
facilities, while Balochistan and Khyber Pakhtunkhwa have 
outlined renewable energy policies to enable green hydrogen 
production and meet the increasing energy requirements of 
heavy industries such as steel, petrochemicals, and fertilizer 
manufacturing. 

Pakistan’s green hydrogen development policy includes 
several key provisions aimed at facilitating the faster uptake 
of renewable energy. The Energy Conservation Act is used 
as a basis for simplifying the approval procedures for 

renewable energy schemes, with an obligation to issue 
official sanctions for renewable energy supplies within 15 
days from the date of application. Financial incentives, such 
as the exemption of inter-provincial transmission fees for 25 
years, provide a significant long-term advantage for green 
hydrogen projects by lowering overall costs and attracting 
private investment [10]. 

In addition, the Green Energy Open Access Rules empower 
energy distribution companies to provide green energy to a 
wide spectrum of consumers, including commercial and 
industrial users [11]. The framework includes a compulsory 
Renewable Purchase Obligation (RPO), under which energy 
consumers are required to procure a specified percentage of 
renewable energy, thereby stimulating demand for green 
hydrogen [12]. Moreover, the introduction of Green 
Certificates for consumers of green energy serves as a 
market-based incentive to encourage renewable energy use 
and demonstrate corporate social responsibility [13]. 

These policy initiatives represent a holistic response to the 
challenges of the energy transition. By targeting both demand 
and supply, the policy framework seeks to develop a balanced 
market environment for green hydrogen production. The 
combined efforts of federal and provincial governments 
underscore the need for an integrated national approach to 
accelerating the transition to a low-carbon economy. The 
success of Pakistan’s green hydrogen vision will depend on 
effective implementation, long-term investment in 
infrastructure, and the ability to adapt policies in line with 
technological developments and economic conditions. This 
transformation not only mitigates environmental challenges 
but also creates new economic opportunities, strengthens 
energy security, and positions Pakistan as a leader in 
sustainable development in South Asia and beyond. Figure 2 
presents a forecast of Pakistan’s green hydrogen production 
capacity over the period 2025–2030. 

Fig.2 Green Hydrogen Production Capacity in Pakistan (2025-2030) 
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II. CHALLENGES IN GREEN HYDROGEN
ADOPTION AND ENERGY SUSTAINABILITY IN 

PAKISTAN 

The pursuit of carbon emission neutrality in Pakistan poses a 
multidimensional challenge due to weak financial, 
infrastructural, and technical capacities. Although the 
Government of Pakistan has made efforts to collaborate with 
international bodies and private sector organizations to 
advance green energy initiatives, a comprehensive and 
sustainable policy has yet to be instituted [14]. Compared to 
India’s Memorandum of Understanding (MoU) with the 
European Investment Bank and the India Hydrogen Alliance, 
Pakistan still needs to establish a focused public–private 
initiative, such as a Strategic Hydrogen Innovation 
Partnership (SHIP), to catalyze research and development 
(R&D) in renewable energy and green hydrogen [15]. 

A major challenge is the financial insecurity associated with 
green energy projects. The lack of long-term financial 
stability restricts the government’s ability to offer sustained 

subsidies and incentives to private enterprises, thereby 
deterring large-scale participation in renewable energy 
projects. Financial constraints also limit the scaling up of new 
green energy solutions, impeding the broader transition 
toward clean energy [16]. Without adequate financial 
support, it is difficult to mobilize investments and drive the 
technological innovations required for green hydrogen 
production. The regulatory and legal framework for 
renewable energy and green hydrogen remains fragmented 
and underdeveloped. Existing policies and operational 
regulations are largely temporary administrative measures 
rather than components of a robust legal framework. A fully 
developed and integrated policy addressing the production, 
infrastructure, storage, distribution, and consumption of 
green hydrogen is still absent [17]. In the absence of a 
codified legal framework, the green hydrogen industry faces 
uncertainty in regulatory compliance and market stability. 
This uncertainty leaves investors and industry stakeholders 
hesitant, thereby constraining the growth potential of green 
energy. Figure 3 depicts a schematic framework outlining 
perspectives on green hydrogen production. 

Fig.3 Perspectives in Green Hydrogen Production 

Pakistan also experiences considerable resource constraints 
that make the shift toward green energy challenging. 

1. Water scarcity: The production of green hydrogen via
electrolysis requires large quantities of demineralized
water. Pakistan’s current water scarcity poses a major
obstacle to scaling up hydrogen production.

2. Land availability: The availability of land for large-scale
renewable energy infrastructure, such as solar and wind
farms, is limited by fragmented land ownership and
competition with agricultural requirements.

3. Supply chain issues: Ensuring a stable supply of raw
materials such as copper and rare earth metals, which are
critical for renewable energy technologies (e.g., solar
panels and wind turbines), is challenging due to
fluctuations in global markets and dependence on
imports.

Infrastructure costs continue to be a major impediment. 
Developing a robust supply chain, improving grid-balancing 

capabilities, and enhancing technological efficiency require 
substantial capital investment. Pakistan’s existing 
infrastructure capacity is insufficient to support a large-scale 
green hydrogen transition. The integration of green hydrogen 
into transmission and distribution networks also necessitates 
considerable financial and technical resources. Another 
significant obstacle is the lack of coordination among major 
sectors. The development of an integrated policy framework 
requires collaboration across agriculture, waste management, 
environmental regulation, and technological development. 
However, Pakistan’s energy sector is characterized by 
isolated efforts and limited inter-agency cooperation, 
resulting in fragmented progress and missed opportunities for 
comprehensive advancement [18]. 

The underutilization of research and development (R&D) in 
renewable energy is another limiting factor. Despite the 
growing potential of green hydrogen, research outcomes are 
not being effectively translated into functional and scalable 
applications. The gap between academic research and 
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industrial applicability prevents the sector from fully 
leveraging advanced technologies for green hydrogen 
development and storage [19]. Although Pakistan has made 
notable progress in solar and wind energy, both the 
production and deployment of green hydrogen remain at an 
early stage. 

Furthermore, end-user demand for clean energy remains 
sluggish due to limited public awareness and insufficient 
economic incentives. The Renewable Energy Purchase 
Obligation (RPO) scheme for distribution companies, 
although well-intentioned, has not yet generated widespread 
market demand for green energy. Grassroots adoption of 
green energy technologies must be encouraged through 
public awareness campaigns and government-supported 
incentives. Addressing these challenges requires a paradigm 
shift in governance and policy. A well-funded, 
technologically advanced, and coordinated effort involving 
government agencies, industry stakeholders, and 
international partners is essential to advance the green 
hydrogen industry.  

Pakistan must establish long-term financial frameworks, 
strengthen research and development capacities, and design 
a comprehensive legal framework to support sustainable 
growth in the renewable energy sector. By overcoming these 
barriers, Pakistan can position itself as a leader in green 
hydrogen production and contribute meaningfully to global 
climate change mitigation efforts [20]. Finally, the lack of 
coordination across related sectors such as agriculture, waste 
management, and environmental governance further 
exacerbates these challenges. A siloed policy environment 
results in missed opportunities for cross-sectoral 
collaboration and integrated solutions. Developing a 
coordinated strategy that aligns green hydrogen initiatives 
with broader energy, environmental, and economic policies 
remains a critical requirement. 

III. SOLUTIONS

To address these challenges and establish a sustainable green 
hydrogen industry, Pakistan requires a multi-strategic and 
multifaceted approach. The following steps are proposed to 
develop a robust framework for green hydrogen production, 
transport, and consumption. 

1. Creating an exhaustive legal framework: A committed
legal framework is vital to impart regulatory
transparency, investor confidence, and long-term
stability. It must address production standards,
environmental compliance, and financial incentives to
encourage market participation.

2. Improving resource availability:  Innovative water
recycling and desalination technologies can address the
shortage of demineralized water. Implementing land
consolidation programs and encouraging the use of
marginal land for hydrogen production will help resolve
land availability challenges.

3. Building market demand: Government-initiated
programs, such as the mandatory use of green hydrogen
in public transport and industrial applications, can drive
demand. In addition, encouraging private sector
participation through subsidies and tax incentives will
help establish a stable market for green hydrogen.

4. Strengthening financial mechanisms: The introduction
of green financing instruments, such as green bonds and
renewable energy funds, can mobilize capital for
technological and infrastructure development.
Establishing long-term subsidies and incentives for
green hydrogen producers and distributors will enhance
financial stability and investor confidence.

5. Research and technology innovation investment
Enhancing the link between research institutions and
industrial players will accelerate the development and
deployment of new green hydrogen technologies.
Public–private partnerships for R&D will promote
technological innovation and market readiness.

6. Building smart grid and energy storage infrastructure:
Implementing smart grid technologies within the
country’s energy infrastructure will enhance the
efficiency of energy distribution and enable the
integration of green hydrogen into the energy mix.
Developing advanced energy storage technologies will
address the intermittency challenges of renewable
energy sources.

7. Public awareness and stakeholder participation:
Organizing educational campaigns and stakeholder
consultations will enhance public awareness and support
for green hydrogen projects. Establishing platforms for
industry cooperation and knowledge sharing will drive
innovation and collective action.

8. Fostering cross-sectoral coordination: Creating a
central body to coordinate among energy, agriculture,
waste management, and environmental agencies will
enable a more unified and effective green hydrogen
development strategy. It will ensure alignment between
national energy and climate policies.

9. Promoting decentralized energy systems:  Developing
local networks for hydrogen production and supply will
minimize losses from long-distance transmission and
enhance community-level energy security. Decentralized 
systems will also improve resilience to supply chain
disruptions.

10. Finding space for green hydrogen in urban infrastructure
Adding green hydrogen infrastructure to smart city
planning will make urban areas more energy efficient.
Encouraging the use of hydrogen fuel in public
transportation, heating, and industrial applications will
support long-term market expansion.

Through the adoption of these comprehensive measures, 
Pakistan can establish a self-sustaining green hydrogen 
industry aligned with the country’s sustainability objectives. 
This strategic move will position Pakistan as a leader in 
renewable energy while enhancing energy security, 
protecting the environment, and driving economic growth. 
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IV. CONCLUSION

Green hydrogen has game-changing potential for Pakistan’s 
transition toward sustainable energy self-reliance and climate 
resilience. As this review demonstrates, Pakistan has 
undertaken decisive policy initiatives, including pilot 
projects, economic incentives, and regional approaches, to 
initiate a shift toward green hydrogen. Nevertheless, the 
country continues to face critical challenges related to 
financing, regulatory consistency, infrastructure, and sectoral 
coordination. Addressing these challenges will require a 
comprehensive legal framework, long-term investment, and 
participatory governance models that align national 
development priorities with international climate action. By 
fostering public–private collaboration, strengthening 
research and development, and promoting technological 
innovation, Pakistan can realize the socio-economic and 
environmental benefits of green hydrogen. This transition not 
only supports global decarbonization objectives but also 
presents a significant opportunity for Pakistan to emerge as a 
regional leader in clean energy innovation. 

ACKNOWLEDGEMENT 

The authors are thankful to UET Lahore, Pakistan, for 
providing the opportunity to complete this research work. 

Declaration of Conflicting Interests 
The author declares no potential conflicts of interest with respect to the 
research, authorship, and/or publication of this article. 

Funding 
The author received no financial support for the research, authorship, and/or 
publication of this article. 

Use of Artificial Intelligence (AI)-Assisted Technology for Manuscript 
Preparation 
The author confirms that no AI-assisted technologies were used in the 
preparation or writing of the manuscript, and no images were altered using 
AI. 

ORCID 
Zaryab Basharat  https://orcid.org/0009-0008-1914-3331 
Wania Saleem  https://orcid.org/0009-0005-9643-3875 
Muhammad Haris Malik  https://orcid.org/0009-0008-1618-4699 

REFERENCES 

[1] Wu, Y., Ghalkhani, M., Afshar, E. A., Karimi, F., Xia, C., Van Le, Q.,
and Vasseghian, Y., “Recent progress in biomass-derived
nanoelectrocatalysts for sustainable energy development,” Fuel, vol.
323, Art. no. 124349, 2022. 

[2] Adnan, M., Xiao, B., Bibi, S., Xiao, P., Zhao, P., and Wang, H.,
“Addressing current climate issues in Pakistan: An opportunity for a
sustainable future,” Environmental Challenges, Art. no. 100887, 2024. 

[3] Khan, A. A., Ahmed, I., Qamar, M. K., and Aqsa, T., “Carbon neutral
transportation strategies for Pakistan,” Bulletin of Business and
Economics, vol. 12, no. 4, pp. 148–158, 2023. 

[4] Gondal, I. A., Masood, S. A., and Khan, R., “Green hydrogen
production potential for developing a hydrogen economy in Pakistan,” 
International Journal of Hydrogen Energy, vol. 43, no. 12, pp. 6011–
6039, 2018. 

[5] Marouani, I., Guesmi, T., Alshammari, B. M., Alqunun, K., Alzamil,
A., Alturki, M., and Hadj Abdallah, H., “Integration of renewable-
energy-based green hydrogen into the energy future,” Processes, vol.
11, no. 9, Art. no. 2685, 2023. 

[6] Kabeyi, M. J. B., and Olanrewaju, O. A., “Sustainable energy transition
for renewable and low carbon grid electricity generation and supply,”
Frontiers in Energy Research, vol. 9, Art. no. 743114, 2022. 

[7] Kamal, M., Social, Technical and Policy Barriers in the Green
Hydrogen Implementation: A Case Study of Pakistan, Ph.D.
dissertation, College of Electrical & Mechanical Engineering (CEME), 
National University of Sciences and Technology (NUST), Pakistan,
2025. 

[8] Xin, Y., Bin Dost, M. K., Akram, H., and Watto, W. A., “Analyzing
Pakistan’s renewable energy potential: A review of the country’s
energy policy, its challenges, and recommendations,” Sustainability, 
vol. 14, no. 23, Art. no. 16123, 2022. 

[9] Ahmed, H. S., Yahya, Z., Ali Khan, W., and Faraz, A., “Sustainable
pathways to ammonia: A comprehensive review of green production
approaches,” Clean Energy, vol. 8, no. 2, pp. 60–72, 2024. 

[10] Aslam, H., Nazir, A., and Zia, U., Pakistan’s Way Forward Towards a 
Green Economy: Perspectives for a Clean Energy Transition. 
Islamabad, Pakistan: Sustainable Development Policy Institute, 2022. 

[11] Omer, A. M., “Green energies and the environment,” Renewable and
Sustainable Energy Reviews, vol. 12, no. 7, pp. 1789–1821, 2008. 

[12] Hasan, S., “Policy options for creating demand for low-carbon
hydrogen for industry decarbonization,” SSRN Working Paper, Art.
no. 4465194. 

[13] Xie, H., Wang, Y., Ren, H., Sun, X., and Bie, Z., “Incremental green
certificate towards flexibility incentive for renewable-dominated
power systems,” Journal of Cleaner Production, vol. 377, Art. no.
134345, 2022. 

[14] Kamran, M., “Current status and future success of renewable energy in 
Pakistan,” Renewable and Sustainable Energy Reviews, vol. 82, pp.
609–617, 2018. 

[15] Saunders, P. J., and Gilchrist, A. K., Toward an Indo-Pacific Clean
Energy Framework, 2022. 

[16] Murtaza, G., and Luqman, M., “Environmental banking, renewable
energy projects, and private investments crowd out,” in Renewable 
Energy Projects and Investments. Amsterdam, The Netherlands:
Elsevier, 2025, pp. 177–200. 

[17] Islam, A., Islam, T., Mahmud, H., Raihan, O., Islam, M. S., Marwani,
H. M., and Awual, M. R., “Accelerating the green hydrogen revolution: 
A comprehensive analysis of technological advancements and policy
interventions,” International Journal of Hydrogen Energy, vol. 67, pp. 
458–486, 2024. 

[18] Huda, M. S., and McDonald, M., “Regional cooperation on energy in
South Asia: Unraveling the political challenges in implementing 
transnational pipelines and electricity grids,” Energy Policy, vol. 98, 
pp. 73–83, 2016. 

[19] Tasleem, S., Bongu, C. S., Krishnan, M. R., and Alsharaeh, E. H.,
“Navigating the hydrogen prospect: A comprehensive review of
sustainable source-based production technologies, transport solutions,
advanced storage mechanisms, and CCUS integration,” Journal of
Energy Chemistry, 2024. 

[20] Mushtaq, S., Lee, J., Jamil, F., Imran, S., Akhter, P., Hussain, M., and
Park, Y. K., “Sustainability of green hydrogen: A viewpoint in
Pakistan,” Energy & Environment, Art. no. 0958305X251315405,
2025. 

24ARME Vol.14 No.2 July-December 2025

Zaryab Basharat, Wania Saleem and Muhammad Haris Malik

https://orcid.org/0009-0008-1914-3331
https://orcid.org/0009-0005-9643-3875
https://orcid.org/0009-0008-1618-4699



