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Hydrogen is often touted as the fuel of the 

future, but how much can it really contribute 

to global decarbonisation? Dr James D. 

Burrington, founder of NiceChemistry.com, 

has modelled how hydrogen technologies, 

particularly green hydrogen, might support 

worldwide net zero goals. His research applies 

rigorous metrics to assess energy efficiency, 

cost, emissions, and land use. This revealed 

that, while hydrogen may not directly replace 

electricity, it could be critical in decarbonising 

sectors where electrification falls short.
A Carbon Capitalising World

By 2050, the world must slash greenhouse gas emissions to net zero, 
to limit the global temperature rise to 1.5°C, the temperature above 
which the Intergovernmental Panel on Climate Change (IPCC) warns 
of significantly increased risks of ecological disasters, such as extreme 
weather patterns, loss of biodiversity, dangerously rising sea levels, 
and insecurity of food sources. While solar, wind, and hydroelectric 
power dominate discussions around decarbonisation, hydrogen has 
emerged as a potentially powerful, but currently underdeveloped 
complementary option. Hydrogen, especially that termed ‘green 
hydrogen’ due to its production without fossil fuels, may be a key lifeline 
as an energy source in our quest to reach net zero. However, there are 
debates about how viable an energy source green hydrogen really is.

This question lies at the heart of a research project by Dr Burrington, 
founder of NiceChemistry.com, who has undertaken a detailed 
analysis of energy technologies to evaluate the real-world potential 
of hydrogen in the race to net zero. Using a structured, quantitative 
framework, the project compares 2021 energy baselines with projected 

2050 energy scenarios, comparing hydrogen to other energy sources 
based on four global performance factors: energy efficiency, carbon 
dioxide (CO2) emissions, cost, and land use. His analyses stretch across 
both energy and non-energy sectors and consider multiple hydrogen 
production technologies. What emerges is a nuanced, data-driven 
assessment of hydrogen’s place in a low-carbon future, one that 
highlights both its promise and its practical limitations.

Why Efficiency Matters as Much as Emissions

In 2021, global energy consumption totalled around 177,000 terawatt-
hours (TWh), with three-quarters of that sourced from fossil fuels. These 
fuels remain dominant largely due to established infrastructure and 
relatively low direct costs, but they are also remarkably inefficient. In 
total, fossil fuel use in 2021 produced an estimated 34.8 billion tonnes 
of CO2. Dr Burrington’s analysis revealed that, of the 156,000 TW of fossil 
fuel consumed in 2021, nearly half was lost before the energy was 
effectively used. This loss mainly occurred during the fuel’s conversion 
to electricity, and in internal combustion engines. 
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However, replacing these well-established systems with renewables 
is not simply a matter of swapping fuel sources —it demands new 
infrastructure, new efficiencies, and, in many cases, new technologies 
that do not yet exist at a commercial scale.

The Net Zero 2050 Scenarios

The International Energy Agency’s Net Zero Emissions (NZE) Scenario 
for 2050 provides the primary framework for Dr Burrington’s modelling. 
It forecasts a total energy consumption of 151,000 TWh, which will be 
achieved through major efficiency improvements and a radical shift 
in our energy sources. The baseline NZE scenario is dominated by 
electrification via solar, wind, and hydroelectric /water (collectively 
referred to as SWW), and hydrogen is set to play only a minor role, 
which would account for around 4% of energy use, primarily in long-
haul transport and industry.

But why? If hydrogen is the ‘clean fuel’ answer to our carbon crisis, 
why does it barely feature in the most optimistic current models of 
net-zero energy systems? This limited role is not due to hydrogen’s 
fundamental properties, as it is indeed clean-burning and energy-
dense, but rather to the inefficiencies and costs associated with its 
production, transport, storage, and use. While the promise of green 
energy from hydrogen is tangible, these aspects need revolutionising 
to increase our future reliance on hydrogen as a fuel source.

The Technologies Behind the Fuel

In his analysis, Dr Burrington applies both current and ‘technical 
potential’ performance factors to the hydrogen production potentials. 
Technical potential describes the highest plausible performance 
a technology could achieve based on physical and engineering 
constraints, but assuming full development and commercial viability. 

Such a distinction is vital, as evaluating only current capabilities 
overlooks the future role that emerging technologies may play if 
properly supported and scaled.

Today, most hydrogen is produced through methane steam reforming 
(MSR), a process that unfortunately produces high quantities of 
CO2. Even when fitted with carbon capture and storage (CCUS) —a 
technology that captures CO2 emissions before they can escape into 
the atmosphere— MSR relies on fossil fuels (natural gas) to produce 
hydrogen. Electrolysis (a process that splits water into hydrogen and 
oxygen) is a promising alternative as a renewable process when 
using SWW electricity. However, the double conversion of energy 
(that is, the fact that electricity is first converted to hydrogen, and 
then that hydrogen back into electricity), afflicts the process with 
significant energy losses. 

Two other techniques, termed photocatalytic (PC) and photo-
biocatalytic (PB) production of hydrogen, avoid these conversion 
losses. These processes essentially use sunlight and catalyst systems 
to split water into hydrogen and oxygen. But these methods are 

relatively new and in the early stages of development. In order for 
them to provide the quantities of green energy needed, their low 
efficiency and high land and capital requirements must be addressed.

Scenarios and Outcomes: What If Hydrogen 
Reaches Its Potential?

Using scenario-based modelling, Dr Burrington explores what the 
2050 energy landscape might look like if hydrogen technologies 
are optimised. In one scenario, renewable-powered electrolysis 
reaches its full potential, contributing around 7% of energy use, an 
improvement from the baseline 4% in the NZE scenario. In another, 
where PC/PB hydrogen technologies are supported to reach their full 
potential, they contribute enough hydrogen to reach 14–15% of total 
energy. These scenarios show that hydrogen could play a far more 
substantial role if investment and research succeed.

Under these potential conditions for SWW green hydrogen 
technologies, global CO2 emissions from hydrogen production by 
2050 could be reduced by up to 1 billion tonnes per year, at 7% of 
total global energy use, and up to 12 billion tons per year, at the 
optimistic 14–15% level, compared to baseline 2050 NZE figures. PC/
PB hydrogen at its technical potential appears as a highly promising 
alternative, offering lower costs, higher efficiencies, and smaller 
land use compared to electrolysis. Such performance gains would 
be particularly valuable in sectors where direct electrification is 
impractical, such as commercial aviation, shipping, remote power 
generation, and certain heavy industrial processes.
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and, unlike hydrogen, can be stored and transported using existing 
infrastructure, green ammonia can be considered a transportable, 
storable form of hydrogen, which can then be used as fuel directly, 
or by conversion back to hydrogen, especially useful in remote or 
grid-constrained regions.

Dr Burrington also presents cost projections indicating that dedicated 
innovation could lower green hydrogen and ammonia prices 
significantly. In tandem with policy mechanisms like carbon pricing 
or renewable mandates, green ammonia could enable a smoother 
transition in both industrial and energy domains, boosting hydrogen’s 
role beyond its currently limited applications.

Hydrogen Will Be Handy, But Not the Hero

Despite these encouraging projections, Dr Burrington is careful not 
to overstate hydrogen’s case. For use within a local grid and for most 
purposes, his comparisons show that renewable electricity from solar 
or wind consistently outperforms hydrogen in terms of efficiency, 
cost, emissions, and land use, when used directly for charging electric 
vehicles or powering industrial equipment.

However, the real value of hydrogen lies in its flexibility. Unlike electricity, 
and when converted to a carrier like ammonia, hydrogen can be 
stored for long periods, transported over long distances, and used 
in combustion or chemical processes where electrification isn’t 
possible. While perhaps not the powerhouse of the future, these 
characteristics still position hydrogen as an indispensable tool in 
the net zero transition.

Adaptation and Innovation Will Be Key

Unlocking the full potential of green hydrogen will require substantial 
investment, not just in research and development, but in infrastructure, 
regulation, and market development, since the scale of necessary 

Hydrogen Beyond Energy: The Chemical Sector 
and Green Ammonia

Hydrogen’s role isn’t limited to its use only as an energy source. In 2021, 
94 million tonnes of hydrogen were produced globally for industrial 
uses such as ammonia production, oil refining, and methanol synthesis. 
This accounted for an additional 1 billion tonnes of CO2 emissions, 
primarily due to its production through MSR. By 2050, demand for 
hydrogen is predicted to grow sixfold, with a third used for energy and 
two-thirds for industry (the latter accounting for 3.7 billion tons of CO2 
by MSR). Conversion to renewable hydrogen from SWW electrolysis 
at its technical potential would reduce that amount by 3 billion tons, 
without increasing cost or land use.

Green ammonia also stands out as a particularly promising 
application. Currently used in fertiliser production, but also seen as an 
hydrogen energy carrier, green ammonia could displace fossil-based 
methods and reduce emissions. Since it is produced from hydrogen 

transformation is vast. Entire hydrogen supply chains will have to 
be built or adapted, from generation and storage to transport and 
end-use.

Furthermore, land use and materials will have to be carefully managed. 
While electrolysis and PC/PB hydrogen production have the potential 
to be land-efficient, they require rare or costly components and 
must be scaled in a way that complements rather than competes 
with solar and wind deployment. As Dr Burrington’s analysis shows, 
integrating hydrogen into established chemical sectors, particularly 
via green ammonia, offers a potential route forward, piggybacking 
onto existing logistics while decarbonising high-impact industrial 
processes. Lastly, developing policy frameworks will be key, and must 
be guided and supported by detailed, objective analyses, much in 
the same vein as Dr Burrington’s work. 

Hydrogen’s Value in Reaching Net Zero

Dr James Burrington’s comprehensive analysis offers an invaluable 
perspective on hydrogen’s potential within the broader clean energy 
landscape. His use of consistent, quantitative metrics across current 
and future scenarios allows for a realistic yet hopeful vision of 
hydrogen’s role in decarbonisation. 

The key message from Dr Burrington’s analysis is that while hydrogen 
may not be the centrepiece of the energy transition, it could help 
decarbonise sectors where other options fall short, with focused 
development and targeted deployment. In the story of net zero, 
hydrogen may not be the hero, but it could still be a vital supporting 
character.

Article written by Laura Hemmingham, PhD
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