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1. EXECUTIVE SUMMARY

The global economy has a heat problem. Steel furnaces, cement kilns, chemical crackers, glass plants, paper mills,
and refineries collectively account for roughly 25% of all global CO2 emissions. These are the sectors that
keep modern civilization running, and they share a defining characteristic: they require vast amounts of power
and operate at extremely high temperatures, often above 500 degrees Celsius, generating significant quantities
of waste heat in the process, more than 25% of total energy input.l"2

Wind turbines and solar panels generate electrons. Geothermal taps residual earth heat in a handful of
geographies. Natural gas remains fossil. None of these, alone or in combination, can simultaneously supply the
high-grade heat, the chemical feedstock, and the long-duration energy storage that heavy industry demands.
Green hydrogen can.

2. INDUSTRIAL CHALLENGE: POWER, HEAT, AND DECARBONIZATION GAP

2.1 Industries Of Focus

The sectors most relevant to this analysis are those that combine high electricity demand with high-temperature
process heat and, critically, produce significant waste heat as a by-product. Currently less than 15% of industrial
energy consumed is electricity. The most energy-intensive industries still rely on fossil fuels for the majority of
their process heating. (Energy Innovation, 2024) They include:®!

« Steel and metals: Electric arc furnaces and blast furnaces operate at temperatures approaching
1,800 degrees Celsius. Traditional blast furnaces are used for the creation of new steel and rely on
coal as a chemical agent and fuel source. Steel production alone accounted for approximately 7-9% of
global CO2 emissions in 2023, with every tonne of steel produced generating an average of 1.85
tonnes of CO2. ®9

« Cement: Rotary kilns must reach around 1,450 degrees Celsius to calcine limestone. The calcination
reaction itself releases CO2 regardless of the energy source, making hydrogen-based heat combined
with carbon capture the only credible net-zero pathway.**l

« Ceramics and refractory materials: Kiln temperatures range from 1,000 to 1,800 degrees Celsius.
Direct electrification is not viable at these temperatures in most industrial configurations.”

* Chemicals and petrochemicals: Steam crackers, reformers, and synthesis reactors operate across a
wide temperature band (300 to 1,000 degrees Celsius) and consume hydrogen as both a fuel and a
chemical feedstock. The sector is the single largest existing consumer of hydrogen globally.®

*  Glass: Glass melting furnaces run at 1,400 to 1,600 degrees Celsius. Manufacturers produce
substantial exhaust heat and are increasingly under requlatory pressure to decarbonise. !

* Paper and pulp: Recovery boilers and lime kilns operate at 800 to 1,000 degrees Celsius and produce
steam and heat that can be co-utilised with an on-site electrolyser.!™

* Refineries: Already the dominant users of grey hydrogen for hydrocracking and desulphurisation,
refineries are natural early adopters of green hydrogen as a drop-in replacement, reducing Scope 1
and 2 emissions simultaneously.l"!

2.2 Al Mirroring Heavy Industry

The Scale of Al Power Demand
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Artificial intelligence is reshaping the global power demand picture faster than almost any projection
anticipated. Training and running large Al models requires enormous and continuous electrical loads. A single
large-scale Al training run can consume as much electricity as thousands of homes do in a year, and inference
workloads, running models in production around the clock, are expected to dwarf training demand as Al
deployment scales globally.['2!

The International Energy Agency (IEA) projected that data centers would consume around 1,000 TWh of
electricity globally by 2026, roughly equivalent to Japan's entire annual electricity consumption. Goldman
Sachs Research estimated that data center power demand will grow 165% by 2030. Microsoft, Google,
Amazon, and Meta are collectively committing hundreds of billions of dollars to data center construction
through the late 2020s, with individual campuses now routinely drawing hundreds of megawatts each.['>1413]

The Dispatchability Problem

This creates a challenge that mirrors heavy industry in one critical respect: the demand is continuous and non-
negotiable. An Al inference server cannot throttle back because a cloud passed over a solar farm. Data centers
require dispatchable, always-on power, and a grid increasingly supplied by intermittent renewables cannot
always guarantee it. Green hydrogen produced during periods of surplus renewable generation can be stored
and converted back to electricity via fuel cells when generation falls short, providing the dispatchable, zero-
emission power that data centers require.

Grid Strain and the Case for Energy Independence

The explosive growth in Al compute is already straining electricity grids in the United States, the United
Kingdom, and across Europe. Grid operators are warning of capacity shortfalls and utilities are revisiting retired
generation assets. In this environment, large energy consumers are increasingly seeking on-site generation.
Hydrogen combined with fuel cells offers a credible path to energy independence without the emissions of
diesel or the intermittency of solar.['¢]

2.3 Why These Sectors Cannot Simply Electrify

Direct electrification is the right answer for many sectors. But for the heavy industries listed above, it faces
three structural barriers.

Temperature ceiling

Electric heating technologies such as heat pumps and industrial resistance heaters are practical up to roughly
200 to 300 degrees Celsius. Industrial heat pumps, in their most advanced configurations, can reach around 180
degrees Celsius. The moment a process requires temperatures above 500 degrees, electrical resistance or
induction heating becomes either technically marginal or prohibitively expensive in terms of capital cost and grid
demand. The IEA and multiple peer-reviewed studies confirm that temperatures above 500 degrees Celsius are
needed to make metals, chemicals, and nonmetallic minerals such as cement and glass. ['"4

The most advanced electrification technology is in electric arc furnaces (EAFs) which serves the secondary steel
market. Instead of burning fossil fuels, electricity is the source of heating and CO2 emissions are based on the
source of power. This currently only represents one third of all steel and only from recycled sources.['8]

Process chemistry requirements

Many industrial processes require hydrogen not merely as a fuel but as a chemical reactant. Ammonia synthesis
requires hydrogen as a feedstock (Haber-Bosch process). Traditional blast furnaces burn coal and coke to
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produce iron. Steel reduction via direct reduced iron (DRI) uses hydrogen to strip oxygen from iron ore instead
of coal. These are irreplaceable molecular roles. Electricity cannot perform them.['94

Intermittency mismatch

Industrial processes run continuously. A steel furnace cannot pause while the wind drops. A cement kiln cannot
ramp down because cloud cover has reduced solar output. Continuous industrial processes require a continuous
and dispatchable energy supply. Renewables, without storage, cannot provide that.

3. WHY HYDROGEN WINS: THE UNIQUE INDUSTRIAL NICHE

3.1 Three Roles No Other Energy Source Can Fill Simultaneously

Green hydrogen is the only energy carrier that can simultaneously serve as:

* A high-grade heat source: Hydrogen combustion produces temperatures well in excess of 1,000
degrees Celsius, matching or exceeding what industrial kilns and furnaces require. The only
combustion by-product is water vapor.[29

* A chemical feedstock: Hydrogen is the building block of ammonia, methanol, synthetic fuels, and
reduced metals. No other low-carbon energy carrier can perform this role.

* Along-duration energy store: Compressed or liquid hydrogen, or hydrogen stored in ammonia
carriers, can hold energy for days, weeks, or months. This bridges the gap between intermittent
renewable generation and continuous industrial demand. Hydrogen for industrial settings performs
closer to reservoirs than its battery equivalent.

3.2 The Waste Heat Advantage

One of the most underappreciated advantages of green hydrogen production in industrial settings is the
efficiency gain available from co-locating electrolysers with heat-intensive processes.

Solid oxide electrolyser cells (SOECs) operate at 600 to 1,000 degrees Celsius. At these temperatures, a portion
of the energy required to split water comes from heat rather than electricity. When that heat is freely available
as industrial waste heat, the electrolyser's electricity consumption falls dramatically:[2"

* Conventional alkaline electrolysers require approximately 4.5 kWh of electricity per normal cubic
metre (Nm3) of hydrogen produced.??

* An SOEC drawing on waste heat reduces this to approximately 3.0 kWh per Nm3 of a reduction of
around 33%.122

*  SOEC systems can achieve Higher Heat Value (HHV) efficiency ratings above 100%, meaning more
energy value comes out as hydrogen than goes in as electricity, when heat is correctly accounted for.
Testing has shown that >90% is achievable and 100% is the goal.?3

For an industrial site that already generates waste heat as a by-product of its core process, this makes on-site
green hydrogen production dramatically more economic than off-site production and transportation.
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4. HEAD-TO-HEAD: HYDROGEN VS. COMPETING ENERGY SOURCES

4.1 Summary Comparison

Energy Source Can Provide Industrial Feedstock Role? Net-Zero Compatible?
Heat >500 C?

Green Hydrogen Yes, up to 2,000+ C via Yes (feedstock + fuel) Yes, when produced from
combustion renewables

Wind / Solar (direct) No, limited to ~300 C via No Yes, but intermittent
electrification only

Natural Gas Yes, but CO2 emitted No No, incompatible with net

zero

Geothermal Partial, geography- No Yes, but severely
dependent, low grade geographically limited

Nuclear Partial, only via pre- No Yes

commercial high-
temperature reactors

4.2 Wind and Solar

Wind and solar are the backbone of the energy transition and are the cheapest sources of new electricity
generation globally. For many applications, they are the right answer. For high-temperature heavy industry, they
face inherent limitations that hydrogen addresses.

Intermittency

Solar panels generate no power at night and reduced power under cloud cover. Wind output is highly variable
and can fall close to zero for periods of days during low-pressure weather systems. Studies of UK wind patterns
confirm that extended periods of low generation (so-called wind lulls) are a persistent feature of the weather
system and are not expected to improve. Industrial processes run continuously at design capacity. Matching
variable renewable output to constant industrial demand requires either massive storage or massive overcapacity
in generation.?4

Temperature ceiling

Even if intermittency were solved, wind and solar generate electrons. Converting electrons to heat above 500
degrees Celsius in industrial processes is technically constrained. Electric arc furnaces can reach high
temperatures, but they are one specific technology serving one specific sector (scrap steel). For cement, glass,
ceramics, and chemical feedstock applications, electricity alone cannot replicate the thermal profile of
combustion.

No feedstock role

Electrons cannot act as a chemical feedstock. A molecule of hydrogen can. For the chemicals sector (ammonia,
methanol, DRI iron reduction), there is no electrical substitute.
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Where wind and solar remain essential

This comparison is not an argument against wind and solar. Green hydrogen is produced using renewable
electricity. Wind and solar are the upstream source of the electrons that electrolysers convert into hydrogen.
The relationship is complementary, not competitive. Excess renewable generation that would otherwise be
curtailed can be converted to hydrogen, stored, and used when generation falls. The green hydrogen provides
power on demand not just when it is windy or sunny.

4.3 Natural Gas

Natural gas currently provides the bulk of industrial process heat in Europe, the US, and parts of Asia. It is
dispatchable, energy-dense, and well-understood. But it has a fundamental and unresolvable problem for any
organization with net-zero targets.

Carbon emissions are inherent

When natural gas burns, it produces CO2. That is not a process efficiency problem or an engineering challenge.
It is a chemical fact. Methane (CH4) plus oxygen (02) yields carbon dioxide (CO2) and water. There is no
combustion pathway for natural gas that avoids CO2 emissions. Carbon capture can reduce those emissions but
introduces additional capital cost, energy penalty, and ongoing operational risk, and is not yet proven at full
industrial scale for most applications.

Methane leakage compounds the problem

Natural gas supply chains leak methane at every stage of extraction, compression, pipeline transport, and
distribution. Methane is a far more potent greenhouse gas than CO2 over a 20-year horizon. This makes the
lifecycle emissions of natural gas worse than the point-of-combustion CO2 figure alone suggests, and
significantly worse than the already high figure that appears in most corporate emissions reporting.2%!

Infrastructure compatibility is a near-term advantage, not a long-term argument

Proponents of natural gas sometimes argue that existing gas infrastructure can be repurposed for hydrogen
blending. This is partially true and is a near-term transition pathway rather than a long-term solution. Blending
hydrogen into natural gas grids at low concentrations (typically up to 20% by volume) reduces emissions
marginally. Full conversion to 100% hydrogen requires pipeline upgrades, burner modifications, and compressor
changes. The infrastructure argument buys time; it does not resolve the underlying emissions problem.[28]

4.4 Geothermal

Geothermal energy draws on the residual heat of the Earth's interior and, where it is available, it is a highly
attractive low-carbon baseload source. But for industrial decarbonisation at scale, it faces three hard constraints.

Geographic limitation

Geothermal resources suitable for power generation or direct heat supply are concentrated in a small number
of geologically active regions: Iceland, Kenya, the Philippines, parts of the western United States, New Zealand,
and portions of Central America. The United Kingdom, Germany, France, and most of mainland Europe have
very limited high-enthalpy geothermal resources. Any industrial decarbonization strategy that relies on
geothermal is therefore a strategy for a small subset of geographies. Elsewhere, it is not economically feasible
in many places because of the background geology.’]

Temperature and quality limitations
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Most geothermal heat sources produce low-to-medium grade heat in the range of 80 to 300 degrees Celsius.
This works for power generation, but not for heavy industry. Enhanced geothermal systems (EGS) can access
higher temperatures but are still in early-stage commercial development. The temperatures required for steel,
cement, glass, and ceramics production are far above what conventional geothermal can deliver.127]

Scale limitations

Geothermal plant capacity is constrained by the local geology. Sites can be exhausted if extraction rates exceed
natural recharge. Scaling geothermal to meet the heat demand of a large steel or chemical complex would
require multiple wells, long-distance heat transmission, and significant civil engineering. The economics rarely
compete with alternatives for large industrial heat loads.

4.5 Nuclear Power

Nuclear power is a safe reliable, dispatchable, low-carbon source of baseload energy, and unlike wind and solar
it runs continuously regardless of weather. Of all the alternatives in this comparison, it is the one best suited to
the constant, high-load demand profile of heavy industry. Its limitations for industrial heat are therefore less
about capability in principle and more about temperature grade, cost, and deployment speed.

Temperature grade depends on the reactor type

The reactors that make up almost the entire operating fleet today are light-water reactors, which produce
steam at roughly 300 degrees Celsius. That is well matched to electricity generation but falls short of the
temperatures required for steel, cement, glass, and ceramics. Advanced designs, in particular high-temperature
gas-cooled reactors (HTGRs), can deliver process heat in the 700 to 950 degrees Celsius range, which does
reach much of the industrial band. These designs remain largely pre-commercial, however, with only a handful
of demonstration units operating worldwide. Betting industrial decarbonization on them today means betting
on a technology that is not yet deployed at scale. 12829

Capital cost and build timelines

Nuclear plants carry very high upfront capital costs and construction timelines measured in decades rather
than years. The recent history of large reactor projects in Europe and the United States is one of significant
cost overruns and schedule delays. For an industrial operator facing near-term net-zero commitments, that
pace is poorly matched to the timeline of the transition.[*]

No feedstock role

As with wind and solar, nuclear produces heat and electrons, not molecules. It cannot serve as a chemical
feedstock. For ammonia, methanol, and direct reduced iron, there is no nuclear substitute for the hydrogen
molecule itself.

Siting, regulation, and public acceptance

Nuclear projects face long licensing processes, a limited number of suitable sites near industrial clusters, and
ongoing obligations for waste management and eventual decommissioning. Public acceptance remains a
material constraint in several key markets. These are not reasons to dismiss nuclear, but they do shape where
and how quickly it can be deployed.

Where nuclear is complementary, not competitive

As with the renewables comparison, this is not an argument against nuclear. Its steady baseload output is well
suited to powering electrolysers, and pairing a high-temperature reactor with high-temperature electrolysis is
a recognized low-carbon pathway to producing hydrogen. Nuclear can be an upstream source of the clean
electricity, and in advanced configurations the heat, that hydrogen production draws on. The relationship is
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complementary. Nuclear can help make the hydrogen; the hydrogen delivers the high-temperature heat and
the feedstock role that nuclear alone cannot.B"

5. MARKET OPPORTUNITY AND POLICY LANDSCAPE

5.1 Global Hydrogen Demand

Global hydrogen demand reached 97 million tonnes in 2023, up 2.5% from 2022. Almost all of this is grey
hydrogen (produced from natural gas via steam methane reforming) used as an industrial feedstock in chemicals
and refining. Green hydrogen's contribution remains marginal, under 1 million tonnes, but that gap represents
the scale of the commercial opportunity as the energy transition accelerates.2

The IEA's net zero scenario requires hydrogen demand to reach 150 million tonnes by 2030, with more than one-
third coming from new applications including 100% hydrogen-based DRI steel production, high-temperature
industrial heat, heavy transport, and power generation balancing. The green hydrogen market is projected to
grow from approximately USD 1.1 billion in 2023 to USD 30.6 billion by 2030, representing a compound annual
growth rate of 61.1%. (MarketsandMarkets, 2024)132.3

5.2 Industrial Feedstock: The Largest and Most Immediate Segment

Industrial feedstock applications (primarily ammonia, methanol, and refinery hydrotreatment) accounted for
approximately 47.2% of hydrogen market share in 2023. These are existing uses of hydrogen where green
hydrogen is a direct drop-in replacement for grey hydrogen. The economic case is straightforward: producers
replace a commodity they already buy, at an increasingly competitive price, while eliminating Scope 1 and 2
emissions.?4

5.3 UK Policy Context

The UK has set a national target of up to 10 GW of low-carbon hydrogen production capacity by 2030, with at
least 5 GW from electrolytic (green) sources. The policy framework includes:3!

* Hydrogen Allocation Rounds (HARs): The Government has run two competitive allocation rounds
providing long-term revenue support contracts to green hydrogen producers. HAR2 shortlisted 27
projects across England, Scotland, and Wales in April 2025, with successful projects expected to be
announced in early 2026.5¢

* National Wealth Fund: Committed to spend at least GBP 5.8 billion in five clean energy and
advanced manufacturing sub-sectors this Parliament, of which low-carbon hydrogen is one.?"]

* Industrial cluster strategy: The Government's clearest near-term hydrogen priority is energy-
intensive industrial clusters, specifically chemicals, refineries, glass, and ceramics, where shared
infrastructure reduces costs and proximity to end users eliminates transport losses. 3!
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Research from the RIFS Potsdam institute characterizes the UK Hydrogen Strategy as a dual industrial
decarbonization and industrial policy instrument, recognizing that hydrogen infrastructure investment
generates economic as well as environmental returns in regions with existing energy-intensive manufacturing.i3

6. KEY TAKEAWAYS

The following are research-backed statements suitable for adaptation into website copy, LinkedIn posts, and
investor materials. All figures are sourced and verifiable.

On the scale of the problem

Energy-intensive industries account for approximately 25% of global CO2 emissions and 66% of all
industrial sector emissions."!

Steel production alone generates 1.85 tonnes of CO2 per tonne of steel produced. This is the
equivalent to burning more than 4 barrels of oil, or roughly three-quarters of a tonne of coal.l40]

Less than 15% of industrial energy consumed is currently electricity. The rest is heat from
combustion.B

On hydrogen's unique role

Green hydrogen is the only energy carrier that can simultaneously deliver high-grade heat above
1,000 degrees Celsius, act as a chemical feedstock, and provide long-duration energy storage.

When natural gas burns, CO2 is the by-product. When hydrogen burns, the only by-product is water
vapor.l20!

Electrons cannot reduce iron ore. Hydrogen can. That single fact defines a market that no other clean
technology can address.[']

On the waste heat advantage (SOEC-specific)

A conventional electrolyser requires around 4.5 kWh of electricity per Nm3 of hydrogen. A solid oxide
electrolyser using industrial waste heat requires around 3.0 kWh, a saving of 33%.[22

Industrial sites that already generate waste heat are the ideal environment for on-site green hydrogen
production. The heat that today represents a disposal challenge becomes tomorrow's competitive
advantage.

On wind and solar

Wind and solar generate the electrons. Hydrogen stores and delivers the energy. They are not
competitors; they are partners.

A steel furnace cannot pause while the wind drops. Green hydrogen, stored on-site, bridges the gap
between intermittent generation and continuous industrial demand.
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On natural gas

Natural gas cannot achieve net zero. It is a fossil fuel, like coal or oil. It is not an engineering problem;
it is a chemistry problem. Burning methane produces CO2, every time, without exception.

The question for industrial sites is not whether to transition away from gas, but when. Policy, carbon
pricing, and supply chain pressure mean the timeline is compressing.

One kg of hydrogen is roughly as energy dense as 3.3 kg of natural gas. Hydrogen holds nearly 3 times
the energy of conventional hydrocarbons®!!

On market opportunity

Global hydrogen demand stands at 97 million tonnes per year. Almost all of it is grey. Replacing it with
green is one of the largest commercial opportunities in the energy transition.[2l

The green hydrogen market is forecast to reach USD 30.6 billion by 2030, growing at over 60% per
year [

The UK alone has committed 10 GW of low-carbon hydrogen capacity by 2030, backed by long-term
revenue support contracts.B%

7. CONTACT US

For More Information:
Hydrogen Solutions LTD
Email: info@hydrogensolutionsltd.com

For inquiries, collaboration opportunities, or access to supplementary materials related to this technology,
please contact our team.

Additional Contact & Resources:
Website: hydrogensolutionsltd.com
LinkedIn: linkedin.com /company /71974151

We welcome discussions on potential applications, partnerships, and further research for this new technology.
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