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Energy from fossil fuels (2020) 
= 78% UK Annual Emissions

✓Reduction of emissions from electricity.

✓ Energy efficiencies. 

✓ Heat pumps.

✓ Switching from coal to gas power 
generation.

✓ Increased variable renewables.

✓Limited progress reducing emissions in 
the harder to electrify/decarbonise 
sectors (80% still from fossil fuels).

https://www.gov.uk/government/statistics/transport-and-environment-statistics-2022/transport-and-environment-statistics-2022

Net Zero Challenge: Decarbonising Energy
Energy transition to achieve Net Zero:

2023: 80% fossil fuels/20% renewable electricity energy mix 
2050: ~70% renewable electricity/~30% hydrogen energy mix
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Decarbonising energy:
Scales and patterns in GB energy use

Great Britain’s 
energy use in 
GWh per day

Total gas demand (~70% for domestic heat)

Total electricity demand

Electricity from renewables (wind/solar/hydro)

Transport

✓Reduce overall energy demand.

✓ Energy demand increases by ~2000 
GWh/day from summer to winter 
(delivered by gas) = hydrogen energy 
storage.

✓ Increase variable renewable 
electricity to meet existing electricity 
demand = hydrogen energy storage.

✓ Transport has a daily demand of 
~1500 GWh almost entirely delivered 
from fossil fuels.

https://public.tableau.com/app/profile/grant.wilson/viz/GreatBritainsenergydailydata/GBenergyperday?publish=yes
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Hydrogen for decarbonisation
Support end users and “hard to abate” sectors

Support decarbonisation of transport 
(haulage, shipping, aviation)

Decarbonise power 
generation

Serve as a renewable 
feedstock for industry

Increase decarbonisation of 
building heat

Support the renewable energy system

Distribute energy across 
sectors and regions

Act as a buffer to increase 
system resilience

Provide security of supply 
and energy security

Help decarbonise industrial 
energy use

Support the development of 
carbon capture and storage (CCS)

Plus, hydrogen 
supports improved 

air quality.

Provide inter-seasonal 
renewable energy balancing 

£

Enable large scale renewable 
integration and power generation

Reduce curtailed energy 
wastage

Provide grid scale 
energy storage
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• Most UK and EU Net Zero scenarios that reach net zero by 2050, include a contribution from hydrogen.

• Scenario modelling for the UK Net-Zero strategy suggests that even in the High Electrification Scenario, 240 
TWh/y of hydrogen would be required by 2050, rising to 500 TWh/y of hydrogen for the High Resource Scenario 
which includes hydrogen for heat. 

• The National Grid Future Energy Scenarios suggest that even in the Consumer Transformation Scenario (high 
electrification), 113 TWh/y hydrogen would be required by 2050, rising to 591 TWh/y  of hydrogen for the 
System Transformation Scenario which includes hydrogen for heat.  

National Grid Future Energy ScenariosUK Net Zero scenarios (CCC and BEIS)
https://www.nationalgrideso.com/document/263951/download
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Energy storage
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Anticipated scales of energy storage

There are a wide range of UK decarbonised 
energy storage estimates for 2050:
• 11.2-17.4 TWh

• Benefits of Long Duration Energy 
Storage report for BEIS (2022) 

• 19-56 TWh
• FES 2023: National Grid Future Energy 

Scenario.
• 100 TWh 

• Royal Society, Large Scale Electricity 
Storage (2024) Data from https://royalsociety.org/-/media/policy/projects/large-scale-electricity-storage/large-scale-electricity-storage-report.pdf

Hydrocarbons

Log scale!
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Thermal storage

Energy storage options

Only geological hydrogen storage provides GW-TW scale 
storage, with discharge durations of days to months….

                                 

                               Pumped hydro

           Batteries
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Flywheels

Surface tanks
(H2 gas/liquid) (TRL 9)

Natural Gas Linepack 
(TRL 9)

Dedicated Pipeline Storage 
(TRL 7/8)

Subsurface silos/tanks 
(H2 gas/liquid) (TRL 5/6)

Engineered lined shafts
(H2 gas) (TRL 4/5)

Engineered lined rock caverns
(H2 gas) (TRL 6/7)

Onshore salt cavern storage 
(H2 gas) (TRL 7/8)

Offshore salt cavern storage 
(H2 gas) (TRL 4/5)

Onshore porous rock storage 
(H2 gas) (TRL 6/7) Offshore porous rock storage: 

Depleted gas fields / Deep saline 
aquifers

(H2 gas) (TRL 4/5)

H2 Linepack 
(TRL 3/4)
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Why geological storage?

➢ While hydrogen has a very high energy density 
by mass, it's extremely small mass means that 
for the storage of hydrogen to be economically 
viable, its storage density must be increased. 

➢ Geological storage of hydrogen is recognised as 
the cheapest option for large scale energy 
storage.

➢ Geological storage of hydrogen benefits from:

➢ Increased temperatures and pressures with 
depth

➢ Very large volumes of storage

➢ Hydrogen can be stored in gas phase 
avoiding the additional costs associated 
with material-based hydrogen storage

Each circle represents the hydrogen density (kg/m3) at that given depth (= P/T)
• Pressure calculated from 0.0226 MPa/m average gradient 
• Temperature from 25 oC/1000 meters average geothermal gradient and average surface temp of 15 oC
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Geological hydrogen storage technologies…
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Worldwide 
Underground 

hydrogen storage 
experience 

=
Commercially and 

technically 
feasible

12

Aquifer storage of hydrogen (town gas)

• Ketzin, Germany (62% hydrogen town gas – now closed)

• Beynes, France (50% hydrogen town gas from 1956-1972)

• Lobodice, Czech Republic (50% hydrogen town gas from 1965, now used 
for natural gas storage)

Salt cavern storage of hydrogen

• Teeside, UK (active since 1959 storing 95% hydrogen)

• Kiel, Germany (62% hydrogen, now operating with natural gas)

• Spindletop, US (95% hydrogen storage)

• Clemens Dome, US (95% hydrogen storage)

• Moss Bluff, US (95% hydrogen storage)

Hydrogen storage for biomethane production

• Hychico, Argentina (10% hydrogen storage in a depleted gas reservoir)

• Underground Sun Storage, Austria (10% hydrogen storage in a depleted 
gas reservoir from 2015)

Hydrogen storage in lined rock caverns

• HYBRIT, Sweden for 100% decarbonised steel production

12
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Global hydrogen storage projects underway
Ciaran.Hemming@ed.ac.uk
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