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Green hydrogen: “Rock star” on the road to decarbonization 

The potential contribution of hydrogen technologies in the battle against climate change 

has been receiving increasing attention from industry leaders and policymakers around the world. 

A highly flexible energy carrier, hydrogen could play a considerable role in emissions-free transport 

services, from personal vehicles to shipping and aviation, in the decarbonization of industries that 

have thus far proven difficult to decarbonize, as well as in resolving storage issues frequently cited 

with respect to renewable energy sources such as solar and wind power. Recognizing its potential, 

policymakers are climbing on board, with governments on all continents announcing national 

hydrogen strategies as well as strategic pan-regional partnerships to promote green hydrogen. As 

the European Commission has noted, green hydrogen has the potential to be a “rock star” in global 

efforts towards an emissions-free or low emissions future.1 However, significant technological and 

economic barriers remain before hydrogen can take its anticipated proper place in reducing global 

carbon emissions.  

 

 

 
1 The accolade was given by Executive Vice-President for the Green Deal, Frans Timmermans, as he presented the 
European Commission’s new hydrogen strategy on July 8th, 2020. 

 



The low-down on hydrogen 

Hydrogen is the most common of all elements in the universe, yet on earth, it is only to be 

found in combination with other elements, most commonly with oxygen in the form of water. This 

combination of factors explains both its attractiveness as an energy carrier and the challenges 

involved in realizing its potential. To be useful as an energy carrier, hydrogen requires energy to 

extract it and then safeguards to maintain it as a highly combustible gas in its pure form. The 

challenges imposed by this are both technological and economic in nature. 

 The source of hydrogen is central to its climate friendliness. Hydrogen production is 

generally classified into three groups according to its climatic impact – grey, blue and green 

hydrogen.2 Grey hydrogen is fossil-based hydrogen – generated from fossil fuels either through the 

reformation of natural gas or the gasification of coal. It offers no great reduction in carbon 

emissions.  According to numbers provided by the International Renewal Energy Agency (IRENA), 

ninety-five per cent of hydrogen is currently generated through oil and gas (IRENA 9).  

Blue hydrogen is identical to grey hydrogen in its production but involves some form of 

carbon capture to mitigate the environmental costs of emissions. The captured carbon may be 

either stored or re-used in other industrial processes. The International Renewable Energy Agency 

(IRENA) acknowledges the transitional potential of blue hydrogen, representing as it does an 

improvement over grey hydrogen in reducing overall carbon emissions (41). Neither grey nor blue 

hydrogen, however, truly qualify as “clean” hydrogen. 

In contrast, clean or green hydrogen is derived through the electrolysis of water using 

energy from renewable sources such as wind or solar power. Very little hydrogen is currently 

sourced from renewables, but the technological prospects of green hydrogen for reducing carbon 

emissions are appealing. Hydrogen could solve the issue of storage of energy produced through 

wind and solar and ensure a more reliable supply of energy from these intermittent sources. It 

could allow for the long-distance and large-scale transportation of clean energy through pipelines 

 
2 As technology develops and further means of hydrogen generation are explored, new colors have been added to the 
classification scheme of hydrogen production. These include (among others), for example, “turquoise hydrogen,” in 
which hydrogen is generated by passing natural gas through molten metal to form both hydrogen gas and solid carbon 
(which can then be repurposed for other uses), as well as “purple hydrogen,” in which microorganisms may be used to 
extract carbon from organic waste while producing hydrogen gas. 



to sites of high energy consumption. It could facilitate trade of energy among countries and could 

theoretically be produced virtually anywhere there is water.3   

As one expert has noted, “The appeal of hydrogen is undeniable. It promises to resolve 

energy supply and demand problems in ways that neither non-renewable nor previous renewable 

sources like solar or wind ever could” (Rusu et al. 212). 

 

Still a rock star in waiting  

Despite its potential, the transition to a hydrogen economy presents complexities – 

technological, economic and reputational. On the technological side lies the current lack of suitable 

infrastructure for the large-scale transport of a flammable gas. In liquid form, hydrogen may be 

transported in cryogenic high-pressure cylinders, which must be regularly inspected for leakage 

issues. In gas form, hydrogen can be transported in gas cylinders or trailers, as well as through 

pipelines. Pipeline networks exist and are in operation across the world – for instance, a hydrogen 

pipeline has been active in the German Rühr Valley for over fifty years. However, pipeline networks 

would have to be greatly expanded in order to accommodate a genuine hydrogen transition, with 

stringent measures in place to ensure safe production and transport. Existing pipelines designed 

for natural gas must also be retrofitted for hydrogen transport.4 Thus, it is clear that while 

hydrogen is a highly flexible energy carrier with a broad range of possible applications, both 

technological innovation and a strong regulatory framework for safety are required before it can 

assume its role in decarbonization of industry and transport. 

Expanded use of hydrogen technologies also faces reputational challenges among the 

general public in many industrialized countries. These have been provoked in part by isolated but 

concerning incidents such as an explosion at a California hydrogen supply facility in 2019 that 

significantly affected supply at hydrogen refuelling stations for fuel cell vehicles.5 The safety issues 

outlined in the preceding paragraph have led to not unreasonable popular concerns over the 

future viability of hydrogen. This means not only that states must stringently oversee technological 

 
3 In areas experiencing water scarcity, the issue of hydrogen generation competing with the local drinking water supply 
requires consideration. However, hydrogen has been successfully generated from seawater as well as freshwater, 
which could mitigate this concern.  
4 In the short term, studies indicate that hydrogen may also be mixed with natural gas in small amounts without 
significant modifications to gas pipelines (IRENA 19). 
5 Experts have noted that any analysis of the safety of hydrogen must be balanced against the safety of alternatives – 
something which is often overlooked in mainstream debates over the issue (Maher 4). Though hydrogen presents 
certain safety challenges, it is not necessarily less safe than other forms of energy – simply different (3). 



innovation in hydrogen generation, but that their role in ensuring public safety must be visible to 

their populations as well. 

Currently, the most significant drawback to widespread use of green hydrogen must be 

considered its expense. At the moment, in most countries it is simply not cost-competitive with 

other forms of hydrogen, largely due to the cost of electrolysers. In the EU, for example, grey 

hydrogen currently costs approximately 1.5€/kg, with blue hydrogen priced at 2€/kg. Green 

hydrogen, however, may cost anywhere between €2.5 and 5.5€ per kilogram (EU 3). In their recent 

Q&A paper on hydrogen strategy, the EU notes, however, that prices for electrolysers are rapidly 

falling, having declined 60 per cent in the past decade. They anticipate a further halving of the cost 

by 2030, even venturing to predict that in some EU countries, green hydrogen could be fully cost-

competitive with fossil-based hydrogen within the next decade (3). As renewables themselves 

decline in price and economies of scale become achievable, green hydrogen will become a more 

attractive alternative. IRENA notes that while the cost of green hydrogen may be prohibitive today, 

“A conversion to a hydrogen economy therefore offers new economic prospects to countries and 

regions that rely today on fossil fuel exports for a significant part of their national revenues” 

(IRENA 21). 

 

Sociopolitical impetus for green hydrogen strategies 

As global energy demands continue to increase along with alarm at the environmental 

impact of fossil fuels, states are increasingly incorporating hydrogen strategies in their 

decarbonization plans. Yet green hydrogen promises to yield benefits beyond decarbonization as 

well. The looming prospect of exhausting the global supply of available non-renewables and the 

increased need for national energy security serve as driving forces for green hydrogen strategies 

and partnerships in Africa, Asia, Australia and North America, as well as across the EU.  

The constellation of pan-regional partnerships reveals the potential importance of green 

hydrogen not simply to industrialized countries, but to developing countries as well. As developing 

countries are already demonstrably bearing the brunt of climate change, green hydrogen offers 

them the potential to mitigate the deleterious effects of transport on local air quality, as well as to 

industrialize their economies while at least partially bypassing reliance on fossil fuels. In countries 

and regions in which seasonal renewable energy generation is possible, it could further allow for 

energy storage for use outside of peak times and seasons. As the World Bank has noted, 



advancements in fuel cell technologies and lower costs will be central to these goals (ESMAP xiii). 

However, given the likelihood that both will occur, green hydrogen offers developing countries the 

potential for greater energy security, more widespread economic development and independence 

from more industrialized states and the volatility of global oil prices. 

 

A critical role for the state 

Given its potential to expand the use of renewables and the genuine possibility of rapid 

reductions in cost in the coming decades, hydrogen merits greater attention from policymakers if 

they are sincere in their resolve to reduce carbon emissions. Progress towards the commitments 

laid out in the Paris climate agreement requires that governments increase their support for 

technological innovation in hydrogen while ensuring that the public’s safety as well as economic 

interests are protected. International development programs must promote green hydrogen 

projects to foster energy independence and meaningful economic development in developing 

countries. Finally, policymakers and industry leaders must face the number of myths regarding 

hydrogen technologies currently circulating among the general public and address in particular 

safety concerns regarding hydrogen pipeline transmission and fuel cell vehicles.  

Green hydrogen more than any other technology stands poised to revolutionize the use of 

energy in personal transport, aviation, industry and shipping. It is vital to completing the transition 

away from fossil fuels towards renewables. It offers the possibility of energy independence, 

economic development and employment. Green hydrogen could be the elusive key to a 

decarbonized future. 
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