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DISCLAIMERS AND RIGHTS

NOTHING IN THIS REPORT IS OR SHALL BE RELIED UPON AS A PROMISE OR REPRESENTATION OF FUTURE EVENTS OR RESULTS. AFRY HAS
PREPARED THIS REPORT BASED ON INFORMATION AVAILABLE TO IT AT THE TIME OF ITS PREPARATION AND HAS NO DUTY TO UPDATE THIS
REPORT.

AFRY makes no representation or warranty, expressed or implied, as to the accuracy or completeness of the information provided in this report or
any other representation or warranty whatsoever concerning this report. This report is partly based on information that is not within AFRY’s
control. Statements in this report involving estimates are subject to change and actual amounts may differ materially from those described in this
report depending on a variety of factors. AFRY hereby expressly disclaims any and all liability based, in whole or in part, on any inaccurate or
incomplete information given to AFRY or arising out of the negligence, errors or omissions of AFRY or any of its officers, directors, employees or
agents. Recipients' use of this report and any of the estimates contained herein shall be at Recipients' sole risk.

AFRY expressly disclaims any and all liability arising out of or relating to the use of this report except to the extent that a court of competent
jurisdiction shall have determined by final judgment (not subject to further appeal) that any such liability is the result of the wilful misconduct or
gross negligence of AFRY. AFRY also hereby disclaims any and all liability for special, economic, incidental, punitive, indirect, or consequential
damages. Under no circumstances shall AFRY have any liability relating to the use of this report.

All information contained in this report is confidential and intended for the exclusive use of the Recipient. The Recipient may transmit the
information contained in this report to its directors, officers, employees or professional advisors provided that such individuals are informed by the
Recipient of the confidential nature of this report. All other use is strictly prohibited.

All rights (including copyrights) are reserved to AFRY. No part of this report may be reproduced in any form or by any means without prior
permission in writing from AFRY. Any such permitted use or reproduction is expressly conditioned on the continued applicability of each of the
terms and limitations contained in this disclaimer.
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PROJECT BACKGROUND: NET ZERO SYSTEMS

The 2050 net zero target creates the conditions where more storage is
beneficial to the system

EXAMPLE JANUARY 2050 GENERATION PATTERNS

The UK 2050 net zero targets imply a huge expansion of
intermittent renewables.

5 day period of excess
wind (nationally and

ocetionaly i e

This transition from a fossil fuel-driven to a weather-driven
generation mix means the requirements of the electricity system
will alter:

- The increased variability in supply of power will increase the 200
need for flexibility solutions across multiple timeframes.

— A reduction in synchronous thermal generation will lead to a 150

greater need for system services
— New generation located far from demand centers will % 100

exacerbate network congestion issues

50
Progress towards net zero means that there will be greater 0
demand for multiple types of f|EXI!)I|_I'_Cy. Storz_age technologies 7-Jan 9-Jan 11-Jan 13-Jan 15-Jan 17-Jan 19-Jan l-Jan 23-Jan 25-Jan
are well placed to meet these flexibility requirements.
Nuclear = Wind Solar = Demand

Whilst there is a very strong pipeline of short duration li-ion ) o
batteries at present, the outlook for long duration storage is Larger daily variations
more uncertain. due to patterns of

demand and solar

Note: Generation patterns based on weather of January 2017
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PROJECT BACKGROUND: LLES CALL FOR EVIDENCE

The Department of Business, Energy and Industrial Strategy commissioned
AFRY to quantify the benefits of long duration energy storage ("LDES")

— A large range of different long duration storage technologies
exist, each with different flexibility characteristics. These
include:

Pumped storage

Liquid Air Energy storage (LAES)

Compressed Air Energy Storage (CAES)

Flow batteries, and other innovative chemical storage options
Hydrogen storage (either in pressurized tanks or salt caverns)

— In 2021, BEIS issued a call for evidence on the “Facilitating the
deployment of large-scale and long duration electricity storage”.
This highlighted that these storage technologies typically:

— Are capital intensive;

Have long project development lead times; and
Have few contracted revenue streams available to them.

— As such, it highlighted the barriers these technologies face and
BEIS commissioned AFRY to investigate the role of storage in
the future GB system.
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STUDY METHODOLOGY

BEIS asked AFRY quantify the impact of LDES on system costs and answer a
series of research questions on the future needs of storage for net zero

— AFRY replicated BEIS’ own net zero scenarios within our own BID3 modelling framework. This has some key differences to the
BEIS DDM model:

— Full 8760 hour resolution and multiple weather patterns instead of sample day modelling

Q@

89

— Co-optimisation and sector coupling of power and hydrogen sectors

— 11 zone approach to transmission constraints within the electricity network

| | | | | H - In order to quantify the benefits of storage, we modelled a range of scenarios, with 2 cases each time:
— A “short duration storage only” reference case, where the only storage technologies available were short duration options
[(@FILQ: — An “All durations case”, which also included both medium and long duration technologies in the model investment decisions
/\7| — The delta in modelled outcomes quantifies the benefits, based on the input assumptions made. There are key caveats:
— Only a subset of the possible scenarios were considered and only a subset of possible storage technologies were modelled
DI:IDI:I (with a focus rather on required services).
— Future costs of storage are highly uncertain and AFRY only modelled a set consistent with BEIS’ Central view on costs.
— The model assumes sufficient prices signals for efficient delivery of investments and creates economically rational outcomes.
— The core scenarios assumed no locational constraints would occur for the transport of hydrogen across the country.
@ — The study was performed prior to the 2035 net zero power sector target, and 2035 emissions therefore reflected the 6th

carbon budget level of 11mt.
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SCENARIO RESULTS OVERVIEW

Up to 25GW of medium and long duration power storage, plus 15TWh
hydrogen storage was found to reduce system costs by £13bn to £24bn

2050 POWER STORAGE CAPACITY ACROSS SCENARIOS (GW)

— AFRY introduced 4 categories of storage beyond BEIS’ definition
of short and long duration storage 50

— Short duration (SDS): up to 4 hours
— Medium duration (MDS): 6 to 12 hours for within day

balancing 40
— Long duration (LDS): Over 20 hours, for weekly or seasonal

balancing
— Hydrogen storage: apart from pressurised tanks, considered 7 30

to 30 day salt caverns

20
— Storage can provide this benefit by:

— Providing low (or zero) carbon security of supply, during
extended low wind periods 10

— Faster reduction in unabated gas generation;
— Avoided curtailment of renewables;

— Avoiding/delaying the need for transmission network , . . _ e
reinforcement; Scenario #1 Scenario #1 Scenario #3 Sensitivity A Sensitivity #1

. . . . Only SDS All Durations All durations More LDS  Technology
— Reducing reliance on shorter duration storage alternatives; Risk
— Reducing the need for immature and emerging technologies mSDS = MDS LDS
(such as gas with CCS)

Notes: Cost reductions defined as the system resource costs, between 2030-2060, on an NPV basis. SDS only case includes existing PSH as MDS
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FLEXIBILITY REQUIREMENTS AND TECHNOLOGY SOLUTIONS AVAILABLE

The characteristics of the system needs lead to certain technology solutions.
LDS may offer cost savings by offering bundles of multiple services.

Timeframe Flexibility value drivers Potential flexibility solutions LDS importance
Seconds : s Frequency response SDS
Maintaining Power LDS
System Voltage B mm— Baseload low carbon
Stabili - Dedicated solutions (e.g. synchronous
3/ Inertia compensator)
SDS
Power LDS

Low carbon flexible generation
Interconnection

Balancing — =
Demand .
and Supply Power LDS
I & Hydrogen LDS & Hydrogen CCGT
a CCS Gas
o Interconnection
(74
Q
Easing Power LDS
Seasons ; ifti
locational Load shifting > Electrolysis & Hydrogen LDS

Network reinforcement
Alternative renewable locations

(time & location)

constraints
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KEY DRIVERS OF STORAGE REQUIREMENTS

Analysis of residual demand patterns for 2050 shows the system will require
flexible capacity that can provide multi-day and weekly sustained response

— Meeting the economy-wide net-zero ambition will rely heavily on
a rapid decarbonisation of our electricity system, underpinned
by two key trends:

— significant expansion in renewable generation capacity. 2030
target is for 50GW offshore wind. By 2050 renewable capacity
may be in the order of 155 to 240GW according to prior
modelling done by BEIS; and

— growth in electricity demand reflecting the underlying
expectation of increased electrification in the transport and
heating sectors.

— These trends contribute to a volatility of residual demand, which
in turn provides a signal for technologies that can respond to
the swings in renewable generation.

— This volatility appears at a range of different timescales

- A wind dominated system tends towards sustained periods of
shortfall and excess

— This need can be fulfilled by a range of technologies,
including LDS, but also low carbon flexible thermal
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Residual demand is defined as power demand (excluding electrolysis) minus renewable generation. Positive values indicate a generation deficit and negative values a surplus of generation.
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SUPPORTING INFRASTRUCTURE FOR NET ZERO SYSTEMS

All flexibility solutions are reliant on new transmission network capacity, but
storage solutions can help reduce both total costs and deployment risks

DISCOUNTED TOTAL TRANSMISSION NETWORK CAPEX (£BN)

— For some technology options, the infrastructure needs are

complex. 30

. . . Greater deployment of
— For example, flexible thermal options such as Gas with CCUS MDS & LDS can partially

requires today’s gas infrastructure, a CO, network and sufficient
storage.

— Electrolysis and hydrogen storage can reduce the needs for gas
and carbon infrastructure, but to deliver the benefits identified in

25 reduce required network
investment
20
the scenarios, would also require a hydrogen transmission
network.
- However, it highlights that hydrogen storage is really a bundled 15
set of technology solutions that require effective co-ordination.
- Where hydrogen was more expensive or more difficult to deploy, i
investment in the power network was much higher 1
— Power storage solutions typically do not have the durations
required to remove the need for new network capacity in total
— Without investment, many storage options will become
“sterilized” behind even longer duration constraints 0 . | | | | |

— But they can mitigate network deployment risks and minimize Scenario #1  Scenario #1 Scenario #3 Sensitivity #1 Sensitivity #5
curtailment in addition to optimal reinforcement SDS Only All Durations All Durations Technology risk  Local H2

Notes: Values shown are the NPV of future total transmission network capex, between 2030-2050, on an NPV basis.. Assumes NOAG6 reinforcements to 2030 included
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TECHNOLOGY RISK

Supporting LDES is a low regrets decision, because it mitigates the risks
around emerging hydrogen and CCUS options

NPV OF TOTAL SYSTEM COSTS TO 2030 TO 2040 (£BN)

— Ignoring risks around the delivery of new technologies, current
cost estimates suggest that flexible thermal capacity is needed.

— This could be Gas with CCUS. But the modelling showed that 300
electrolysis + hydrogen LDS + hydrogen CCGTs reduced costs.

+25£bn

B Transmission

250 Hm Interconnectors

- However, if these solutions do not deliver, then the timeframe to
2035 means that there is a risk of much higher costs.

— Without CCUS, hydrogen, and power LDS, the system would be 200
stuck with SDS (batteries) and unabated gas on the system for
longer. There is material value at risk (see system costs, right)

m Hydrogen Storage

Hydrogen Capacity

and makes meeting the emissions reduction targets harder. 150
Generation
— Support for Power LDS now reduces the risks around other 100 Capacity
emerging technologies and the potential for additional costs.
= Fuel

— Across the scenarios, around 3GW of power LDS (>20hr storage)
emerged as a low regrets level of investment today (in addition 50
to the beneficial MDS).

—— m Carbon
— They can help provide the necessary flexibility services ahead of - - -
the emerging technologies scaling up. 0 w w
. . . Scenario #3 Scenario #3  Sensitivity #1
— They can mitigate any potential delays to the transmission SDS Only All durations Technology risk

network reinforcement required to integrate new renewables.
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REPORT AND CALL FOR EVIDENCE

Website links

— BEIS' response to the LLES call for evidence:

— https://www.gov.uk/government/consultations/facilitating-
the-deployment-of-large-scale-and-long-duration-
electricity-storage-call-for-evidence

— AFRY’s report on the benefits of long duration storage:

— https://www.gov.uk/government/publications/benefits-of-
long-duration-electricity-storage
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BEIS: Next steps

— In the British Energy Security Strategy, Government had
identified the system need for long duration Electricity
storage and committed to ensure the deployment of
sufficient LLES to balance the overall system by
developing appropriate policy to enable investment by
2024.

— From our 2021 Call for Evidence: most respondents
identified that a mechanism is required to bring forward
LLES investment.

— We intend to identify an appropriate business model to
de-risk investment and to de-risk investment by 2024,
by:

— carrying out further analysis on the costs and benefits
of intervention across a wider range of electricity
system scenarios;

— conducting a final assessment of potential suitable
interventions,

— working with Ofgem to develop an appropriate policy,
consultation and delivery of policy.
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CONCLUDING REMARKS

Contact us

— Reach out to us for more information:
gareth.davies@afry.com
john.perkins@afry.com

Reducing energy demand in the UK with Nick Eyre

Tune into the latest episode
of Fuelling the transition,
where we are joined by Nick
Eyre, Professor of Energy
and Climate Policy at the
Environmental Change
Institute, for a discussion on
energy demand and energy
efficiency.

Y

Listen now:

thé transitio

https://afry.com/en/podcast- Nick Eyre

fuelling-transition
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