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Busting the hype: a realistic look at hydrogen's role in climate change
Hydrogen is a versatile energy carrier that can be produced from diverse sources, including natural gas, nuclear power, biomass, and renewable energy. The colour of hydrogen indicates its production method. Green hydrogen is produced from water electrolysis using renewable energy, while grey hydrogen is produced using natural gas and has a higher carbon footprint. Blue hydrogen is similar to grey hydrogen but with carbon capture and storage.
As an energy carrier, it may play a pivotal role in the energy transition by storing and transporting energy generated from other sources. This capability addresses the intermittency of renewables and facilitates long-distance transmission. Hence, its potential applications extend to transportation, electricity generation, and portable power are promising. Hydrogen is a hopeful option for sectors like aviation and maritime, where electric batteries may be inadequate.
However, if the current energy transition presents hydrogen as a leading competitor to use in all sectors of the energy landscape, this is not the first time that this rhetoric has been used. Actually, the ‘Hydrogen Economy’ appear in 1972 as the appropriate technology to simultaneously decarbonizing the transport, residential, commercial and industrial sectors. Since, waves of hydrogen hype occurred in the 1970s and 2000s, driven by factors such as the oil crisis and advancements in fuel cell technology.[footnoteRef:1] But the ‘Hydrogen Economy’ never took off. These ‘false starts’ on the emergence of a global hydrogen-based economy has been hindered mainly by substantial infrastructure investments. In addition, challenges in production, storage, transportation, distribution, and policy support have stifled the hydrogen widespread adoption.[footnoteRef:2]  [1:  Brandon NP, Kurban Z. (2017) Clean energy and the hydrogen economy. Phil. Trans. R. Soc. A 375: 20160400. 
http://dx.doi.org/10.1098/rsta.2016.0400]  [2:  Yap, J.; McLellan, B. A (2023) Historical Analysis of Hydrogen Economy Research, Development, and Expectations, 1972 to 2020. Environments 10, no. 1: 11. 
https://doi.org/10.3390/ environments10010011] 

Yet, the current wave of interest, driven by global efforts to reduce carbon emissions, is presented as potentially different from past attempts. In 2020, the Hydrogen Council forecasts 18% of Total Final Energy Consumption by 2050.[footnoteRef:3] The IEA's Sustainable Development Scenario estimates 13% by 2070,[footnoteRef:4] while the International Gas Union projects a range of 7-24% by 2050, depending on policy.[footnoteRef:5] The Energy Transitions Commission envisions 15-20% by 2050.[footnoteRef:6] By early 2020, 18 countries had published hydrogen roadmaps,[footnoteRef:7] and several have included hydrogen investment in economic stimulus packages, aimed at supporting economic recovery from the COVID-19 global health pandemic.[footnoteRef:8]  [3:  Hydrogen Council, Path to Hydrogen Competitiveness: A Cost Perspective, Hydrogen Council, Belgium, 2020.]  [4:  IEA (2020), Energy Technology Perspectives 2020, International Energy Agency. Paris
https://doi.org/10.1787/d07136f0-en]  [5:   SNAM, IGU, BloombergNEF, Global Gas Report 2020, BloombergNEF, 2020.]  [6:  Energy Transitions Commission, Making Mission Possible – Delivering a Net-Zero Economy, Energy Transitions Commission, 2020]  [7:  Hydrogen Council, Path to Hydrogen Competitiveness: A Cost Perspective, Hydrogen Council, Belgium, 2020.]  [8:  Hydrogen Europe, Clean Hydrogen Monitor 2020, Hydrogen Europe, Brussels, 2020.] 

Unfortunately, acknowledging hydrogen's potential role in achieving ambitious climate goals isn't enough. A zero-emission hydrogen economy doesn't currently exist.[footnoteRef:9] Current industrial hydrogen use relies heavily on fossil fuels, concentrated in oil refining and chemical production. For low-carbon or zero-carbon industrial adoption, new production methods are critical. These technologies either inherently avoid emissions or incorporate carbon capture. Only renewable-based hydrogen offers a compelling solution for economies striving for carbon neutrality.  [9:  Terlouw, T., Rosa, L., Bauer, C. et al. (2024) Future hydrogen economies imply environmental trade-offs and a supply-demand mismatch. Nat Commun 15, 7043. https://doi.org/10.1038/s41467-024-51251-7] 

Falling costs for renewables and advancements in electrolyzer technology raise the possibility of commercially viable "green" hydrogen by 2030.[footnoteRef:10] However, the lack of studies analysing the potential expansion pathways for green hydrogen from electrolysis makes this assumption questionable. In fact, applying green hydrogen as a technology in industrial settings is still in its early stages and requires rapid innovation and deployment to “unlock” its full potential for mitigating climate change.[footnoteRef:11] Even if electrolysis capacity expands as quickly as solar and wind power have, green hydrogen will likely contribute less than 1% of final energy consumption until 2030 in the European Union and 2035 globally. Even if growth is possible beyond 2030, substantial uncertainty exists. Projections suggest a range of 3.2-11.2% in the EU and 0.7-3.3% globally by 2040.[footnoteRef:12]  [10:  Griffiths, S.; Sovacool, B.K.; Kim, J.; Bazilian, M.; Uratani, J.M. (2021) Industrial decarbonization via hydrogen: A critical and systematic review of developments, socio-technical systems and policy options. Energy Res. Soc. Sci., 80, 102208. https://doi.org/10.1016/j.erss.2021.102208]  [11:  IRENA (2020), Green Hydrogen Cost Reduction: Scaling up Electrolysers to Meet the 1.5⁰C Climate Goal, International Renewable Energy Agency, Abu Dhabi.]  [12:  Odenweller, A., Ueckerdt, F., Nemet, G.F. et al. (2022) Probabilistic feasibility space of scaling up green hydrogen supply. Nat Energy 7, 854–865. https://doi.org/10.1038/s41560-022-01097-4] 

[bookmark: _Toc186630767]Thus, the challenges associated with achieving significant green hydrogen production levels extend beyond supply. This short-term scarcity and long-term uncertainty can hinder investment in hydrogen end uses and infrastructure, limiting its potential and jeopardizing climate targets. Moreover, establishing a large-scale hydrogen economy necessitates a shift to hydrogen carriers and the creation of a dedicated transportation network. The feasibility of producing the immense amounts of green hydrogen necessary remains largely speculative, raising significant questions about how and where this production will occur.

