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Net-zero targets
Progress in the UK
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Global targets for the net-zero transition
Over 50% of nations have a net-zero or similar target

Source: https://zerotracker.net/

Legend (created with ChatGPT 4o)

John Lang, Camilla Hyslop, Diego Manya, Sybrig Smit, Peter Chalkley, John Bervin Galang, Frances Green, Thomas 

Hale, Frederic Hans, Nick Hay, Angel Hsu, Denise Hsu, Takeshi Kuramochi, Steve Smith. Net Zero Tracker. Energy and 

Climate Intelligence Unit, Data-Driven EnviroLab, NewClimate Institute, Oxford Net Zero. 2025.
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The UK path to net-zero
UK Carbon budget

Source: UK Climate Change Committee,  The Seventh Carbon Budget, Feb 2025

https://www.theccc.org.uk/publication/the-seventh-carbon-budget/


Imperial College London 01/12/20259

GHG Emission reductions in the UK: The progress to date
Half of the emission reductions between 2008 and 2022 in the energy supply

Sources: UK Climate Change Committee,  The Seventh Carbon Budget, Feb 2025; UK Department of Energy Security and Net Zero, Location of major UK electricity generation capacity since 1920,  March 2024.  

2000 2023

https://www.theccc.org.uk/publication/the-seventh-carbon-budget/
https://assets.publishing.service.gov.uk/media/660445a1f9ab41001aeea416/Location_of_major_UK_electricity_generation_capacity_since_1920.pdf
https://assets.publishing.service.gov.uk/media/660445a1f9ab41001aeea416/Location_of_major_UK_electricity_generation_capacity_since_1920.pdf
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GHG Emission reductions in the UK: The way forward
Significant reduction from surface transport and buildings

Source: UK Climate Change Committee,  The Seventh Carbon Budget, Feb 2025

https://www.theccc.org.uk/publication/the-seventh-carbon-budget/
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Electrification of other end uses leads to an increase in electricity demand

Source: National Energy System Operator, Future Energy Scenarios: 
Pathways to Net Zero, July 2025

Transport uses switch from oil to electricity and residential and industrial users 
switch from gas to electricity

https://www.neso.energy/publications/future-energy-scenarios-fes/fes-documents
https://www.neso.energy/publications/future-energy-scenarios-fes/fes-documents


Imperial College London 01/12/202512

116 

29 

13 8 
1 

 -

 20

 40

 60

 80

 100

 120

 140

2025 2030 2035 2040 2050

g
C

O
2

/k
W

h
 o

f 
e

le
c

tr
ic

it
y 

c
o

n
su

m
e

d

Emission intensity

A dramatic reduction in the emission intensity of electricity

Figure based on Table 7.5.1 from the UK Climate Change Committee,  The Seventh Carbon Budget, Feb 2025

https://www.theccc.org.uk/publication/the-seventh-carbon-budget/
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Source: National Energy System Operator, Future Energy Scenarios: 
Pathways to Net Zero, July 2025

GB Future power system: Large amounts of new assets and infrastructure
Large amounts of hydrogen and storage are projected

https://www.neso.energy/publications/future-energy-scenarios-fes/fes-documents
https://www.neso.energy/publications/future-energy-scenarios-fes/fes-documents
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Storage technologies
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From short to long duration

Figure from: Schmidt, O. and Staffell, I., 2024. Monetizing energy storage: A 
toolkit to assess future cost and value. Oxford University Press.
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Keeping the lights on
The need for long-duration energy storage
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Simple test system for qualitative insights
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Mainly based on GB data

• System: Single node, Greenfield expansion, with peak demand 100 MW

• Demand & VRE: 40 weather years (GB-based) and price-elastic demand

• Energy and capacity market parameters: Based on GB market

• Technologies: Solar PV, Onshore Wind, Battery Storage, LDES, CCGT w/ CCS (90% eff.).

• Emissions limit scenarios: Resulting in (approximately) 15 to 0.1 gCO₂/kWh.
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The need for Long Duration Energy Storage
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Storage duration increases as decarbonization deepens
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How to “keep the lights on” during periods with low VRE generation?

01/12/202518

Balancing over several days

Deemed renewable output vs Demand

Note: Figure for one winter period in a simulation with emission intensity 1 g CO2/kWh
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Resource schedule
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Fill the storage when VRE is abundant and withdraw energy when VRE is low

Note: Figure for one winter period in a simulation with emission intensity 1 g CO2/kWh
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How will LDES make money?
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Storage buys energy when prices are low, and sells energy when prices are high

• In models that identify the need for LDES, prices rise to high levels.
• In practice, energy prices are capped, and insufficiently high prices during scarcity events could create a missing money problem.
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Missing money
In deeply decarbonized systems with LDES
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The missing money problem
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Affects all technologies, and it is acute for “peakers” and storage



Imperial College London

Capacity markets address the missing money problem
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Models that identify LDES needs Markets in practice
Energy market with prices rising to VOLL Energy market with prices rising to PC Capacity market
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How to accredit LDES for capacity market participation?
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LDES can independently size power and energy components

Power capacity (discharging)

Energy capacity

Source: Storage de-rating factors methodology review, ESO industry consultation, 2024.

Example: Liquid Air Energy Storage

Picture from: Schmidt, O. and Staffell, I., 2024. Monetizing 

energy storage: A toolkit to assess future cost and value. 

Oxford University Press.
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Methodology

01/12/202525

Accreditation approach

• We estimate capacity credits using a marginal 
accreditation approach. 

• We measure unserved demand with respect to the 
level of demand at the price cap.

Key references:  S. Zachary, A. Wilson, and C. Dent, ‘The integration of variable generation and storage into electricity capacity markets’, The Energy Journal, vol. 43, no. 4, pp. 
231–250, May 2022, doi: 10.5547/01956574.43.4.szac.; S. Wang, N. Zheng, C. D. Bothwell, Q. Xu, S. Kasina, and B. F. Hobbs, ‘Crediting Variable Renewable Energy and Energy 
Storage in Capacity Markets: Effects of Unit Commitment and Storage Operation’, IEEE Transactions on Power Systems, vol. 37, no. 1, pp. 617–628, Jan. 2022, doi: 
10.1109/TPWRS.2021.3094408

https://doi.org/10.5547/01956574.43.4.szac
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Capacity credits for storage will likely change over time
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.. And they are affected by characteristics such as charging efficiency
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Simulation framework
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Two-stage stochastic equilibrium

Generators
Investment 

and dispatch

Storage 
operators
Investment 

and dispatch

Consumers
Consumption

Energy market with price cap

Capacity market incl. capacity credit curves as 
a function of duration

Emission 
market

E
q

u
il

ib
ri

u
m

 m
o

d
e

l

A
g

e
n

ts
M

a
rk

e
ts

Cases Energy 
Market

Capacity 
Market

EOM VOLL No price cap Not available

EOM PC Price cap Not available

E+CM Price cap Available



Imperial College London

The capacity market’s effectiveness in countering the impact of the price 
cap on reliability is high, but it lowers as decarbonization deepens
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Weakened incentives for charging storage to avert unserved energy
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Capacity markets with well-calibrated credits are effective
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With  effectiveness diminishing for lower emission intensity
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Does the E+CM support a portfolio performing better than the baseline 
portfolio under price cap distortions?
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What capacity credit would the ‘baseline portfolio’ require?
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Credits required to recover missing money

Assuming that:
• In a long-run equilibrium, all technologies that are 

part of the benchmark mix should get enough 
payments from the capacity market, so they are 
financially viable and enter the market. 

• The capacity credit of reference technology is 
known (here 1).

• The capacity market has a single price per 
accredited MW. 

 we calculate the required credit for the ‘baseline 
portfolio’.

Missing money for reference 

technology with CC value 1

Missing money for technology in question
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Our simulations include hours with ‘fuel-constrained’ storage
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In few hours, storage does not have enough energy stored to deliver max 
capacity during scarcity conditions
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Capacity accreditation is sensitive to storage dispatch assumptions
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Attributing the change in EUE to one technology is complicated

𝐶𝐶𝑟 =
𝐸𝑈𝐸0 − 𝐸𝑈𝐸𝑟
𝐸𝑈𝐸0 − 𝐸𝑈𝐸𝑟𝑒𝑓
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Conclusions so far
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• Capacity credits for storage
• Depend on storage duration and technology characteristics, such as charging efficiency
• Significantly change for portfolios with varying CO2 emission intensity
• Are sensitive to assumptions about storage dispatch within the accreditation methodology

• In net-zero power systems with LDES, capacity markets with well-calibrated capacity credits
• Can sustain investment nearly as efficiently as the energy-only market without the price cap
• Can achieve expected unserved energy levels close to those of the energy-only market without 

the price cap
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Missing risk markets
In deeply decarbonized systems with LDES
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When was LDES last built in the UK?
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1983

1983 1974

Foyers

1966 

Cruachan

1963 

Photo credit: ENGIE Photo credit: SSE Renewables

Photo credit: Drax

Photo credit: ENGIE

https://www.engie.co.uk/dinorwig-power-station-en/
https://www.sserenewables.com/news-and-views/2025/04/sse-s-foyers-power-station-celebrates-50th-anniversary/
https://www.drax.com/about-us/our-sites-and-businesses/cruachan-power-station/
https://www.engie.co.uk/ffestiniog-power-station-en/
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More recently, demonstration projects for new LDES technologies
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Example projects

StrataStore, EDFPILSWORTH GRID SCALE DEMONSTRATOR STATION, 

HIGHVIEW POWER

https://www.edfenergy.com/energywise/research-development-stratastore-long-duration-energy-storage
https://highviewpower.com/projects/#uk-projects
https://highviewpower.com/projects/#uk-projects
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UK Policy for LDES: Proceedings to date

Extensive evidence-gathering 
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Barriers to LDES deployment
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• High upfront capital costs and long lead times; 

• Lack of track record; 

• Lack of revenue certainty; 

• Lack of market signals.

Department of Business, Energy, and Industrial Strategy , Call for Evidence, Facilitating the deployment of large-
scale and long duration electricity storage, July 2021

https://assets.publishing.service.gov.uk/media/60f583d38fa8f50c716bcd23/large-scale-long-duration-electricity-storage-cfe.pdf
https://assets.publishing.service.gov.uk/media/60f583d38fa8f50c716bcd23/large-scale-long-duration-electricity-storage-cfe.pdf
https://assets.publishing.service.gov.uk/media/60f583d38fa8f50c716bcd23/large-scale-long-duration-electricity-storage-cfe.pdf
https://assets.publishing.service.gov.uk/media/60f583d38fa8f50c716bcd23/large-scale-long-duration-electricity-storage-cfe.pdf
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LDES: Inter-annual revenue variability is acute
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For stricter emission limits, the CM effectively reduces revenue volatility and 
downside risk—though this stabilizing effect diminishes as constraints tighten.
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Inter-annual weather variability results in inter-annual revenue variability
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periods

Note: the threshold for low is arbitrarily chosen as capacity factor lower than  10%.
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UK Policy for LDES: Proceedings to date

Extensive evidence-gathering 
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UK Policy: Current Status

✓ “The scheme must be designed for the 
purpose of encouraging the development and 
use of long duration electricity storage 
installations.”

✓ “The scheme must provide for an LDES 
operator who operates an approved 
installation—
✓  (a) to receive payments from a holder of 

an electricity system operator licence 
where the operator’s assessed revenue 
from that installation is below a specified 
amount, in specified circumstances, and 

✓ (b) to make payments to a holder of an 
electricity system operator  licence where 
the operator’s assessed revenue from that 
installation is above a specified amount, in 
specified circumstances.”

Planning and Infrastructure Bill

Bill, including LDES cap-and-floor scheme, is in final stages at Parliament

Source: CEPA and ESP Consulting, ‘Cap and floor regime for long 
duration electricity storage: setting the cap and floor’, Department 
for Energy Security and Net Zero, March 2025.

 

https://bills.parliament.uk/bills/3946#timeline
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Simulation set up: Study 2
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For a stylized 2040 GB system with risk-averse agents
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Long-duration energy storage has substantially higher risk premiums than 
short-duration energy storage

01/12/202546

Makrides, A., Suski, A. and Spyrou, E., 2025. Quantifying the Impact of Missing Risk Markets for Decarbonized Power Systems with Long Duration 
Energy Storage. arXiv preprint arXiv: 2510.13514
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Conclusions
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• Capacity credits for storage
• Depend on storage duration and technology characteristics, such as charging efficiency
• Significantly change for portfolios with varying CO2 emission intensity
• Are sensitive to assumptions about storage dispatch within the accreditation methodology

• In net-zero power systems with LDES, capacity markets with well-calibrated capacity credits
• Can sustain investment nearly as efficiently as the energy-only market without the price cap
• Can achieve expected unserved energy levels close to those of the energy-only market without 

the price cap

• In net-zero power systems with LDES, revenue volatility is
• Acute for LDES
• Lower for the E+CM case compared to the EOM case, but the difference is lower for tighter 

emission limits
• The reason for the high risk premiums of LDES.
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Ongoing and future work on LDES
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✓ Critically discuss the UK policy proceedings in a forthcoming article

✓ Simulate various policy schemes in a risk-averse investment environment and provide insights on 
their effectiveness

✓ Study dispatch incentives for long-duration energy storage



Thank you

Elina.Spyrou@imperial.ac.uk
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Useful references from UK policy proceedings

[1] Facilitating the deployment of large-scale and long-duration electricity storage: call for evidence’, Department for Business, 

Energy, and Industrial Strategy, July 2021.

[2] ‘Long duration electricity storage in GB’, Aurora, February 2022.

[3] AFRY, ‘Benefits of long-duration electricity storage’, BEIS Research Paper, 2022/019, July 2022.

[4] ‘Facilitating the deployment of large-scale and long-duration electricity storage Government response’, Department for 

Business, Energy, and Industrial Strategy, August 2022.
[5] ‘Large-scale electricity storage report’, The Royal Society, September 2023.

[6] ‘Long duration electricity storage consultation Designing a policy framework to enable investment in long duration electricity 

storage’, Department for Energy Security and Net Zero, January 2024.

[7] LCP Delta and Regen, ‘Scenario Deployment Analysis for Long-Duration Electricity Storage’, DESNZ Research Paper, 2023/047, 

January 2024.

[8] ‘Long-duration energy storage: get on with it’, HOUSE OF LORDS Science and Technology Committee, HL Paper 68, March 

2024.

[9] ‘Long duration electricity storage consultation: Government Response Designing a policy framework to enable investment in 
long duration electricity storage’, Department for Energy Security and Net Zero, Oct 2024.

[10] CEPA and ESP Consulting, ‘Cap and floor regime for long duration electricity storage: setting the cap and floor’, Department for 

Energy Security and Net Zero, March 2025.

[11] OFGEM, Selection of LDES projects for Window 1 Cap and Floor regime: Consultation, May 2025.

01/12/202550

List is not exhaustive
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