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Jeremy Pocklington

Permanent Secretary
the Department for Energy Security and Net Zero

Good afternoon everyone and my thanks to the Energy Transition
Forum for inviting me to this important event as part of the British
Embassy's Green Week. | am delighted to be joining colleagues from the
UK, including Professor David Shipworth of University College London,
who has joined as our expert speaker. Delivering a decarbonised
electricity supply requires both technological and policy innovation.

In the UK, energy market reform is an important topic as we seek to
deliver the Net Zero transition. We need to make the market work better
for consumers, become more resilient and investible, and support the
transformation of our energy system. And energy market reform will help
us achieve this transformation - rewarding those who make the switch
to low carbon technology, reducing system costs for all, while protecting
those who need it.

To—-date, policy improvements and market reform, have been critical in
enabling the UK to make the transition away from fossil fuels. Since
1990, we have cut our greenhouse gas emissions in half, while growing
the economy by nearly 80%. And significantly, by the end of 2024, the
UK will have closed its last coal power station. We have also had great
successes in adopting clean energy technologies and rolling them out
across our country.

In 2023 offshore wind provided 26% of UK electricity. Whilst last year
fossil fuel generation in the UK was down to the lowest level in 66
years — and 25% less than renewables. At the end of 2023, close to a
million zero emission vehicles were registered in the UK. And as part of
our renewables-focused Contract for Difference Scheme, the UK raised



3.7GW of capacity through a record 95 projects, estimated to provide
enough electricity to power the equivalent of ¢.2 million homes. And we
will add more renewables in the coming years — not least as we pursue
our 50GW target for wind by 2030. We have also announced plans for
the biggest expansion of nuclear power for 70 years, including building a
major new power station — Hinkley Point C in Somerset.

Industry is at the heart of our approach to net zero. There are currently
over 80,000 green British jobs being supported or in the pipeline as a
result of green job initiatives being introduced since November 2020.

The UK keenly extends its hand to our international partners, to work
together on the global energy transition. That is why | am here in Seoul
- meeting stakeholders from government, industry and academia. Last
November, during President Yoon's State Visit to the UK a £24bn trade
and investment package was agreed with renewables at the forefront of
UK and Korean investor interest. Amongst the highlights, SeAH Wind
committed £650m to build a new factory and manufacture offshore wind
monopiles in Teesside. In parallel, the UK offshore wind developers Corio
Generation and bp committed $1.1bn of investment in offshore wind
developments in Korea. A really positive demonstration of reciprocal
investor confidence in our offshore wind markets — and of the mutual
benefits of a strong UK-Republic of Korea partnership on clean energy.
But as many of you will know better than | we need to put in place the
policy environment to ensure renewables can succeed in the energy
market.

| hope today's seminar will be an enriching discussion on one of the
most important issues for both our countries — expanding our domestic
clean energy markets in an ambitious, sustainable and pragmatic manner.
Thank you very much to the Energy Transition Forum for convening this
important discussion about the lessons which the Republic of Korea
might take from UK experience.
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UCL Energy Institute

road to net zero )
David Shipworth -

ialid o Sph 8 e

UK Electricity market history & context

+ 1948 — Electricity system nationalised under the British/Central Electricity Authority
- 1958 — Electricity system centralised under the Central Electricity Generating Board
+ 1990 — Electricity system progressively privatised and vertically disaggregated

« 2000 — Office of Gas and Electricity Markets (OFGEM) created

+ 2001 — Bilateral contracts between generators and suppliers introduced.

- 2008 — Carbon Targets, Renewables Obligation and Smart Metering legislated

+ 2012 — 2020 Most coal fired generation closed as North Sea gas developed

- 2013 — Electricity Market Reform introduces:
Contracts for Difference (CfDs)
Capacity Market (CM)
Carbon floor-price support mechanism
Minimum emissions performance standards for generators

+ 2022 — Review of Electricity Market Arrangements (REMA) - Ongoing
« 2023 - Energy Act: ‘Largest energy legislation in a generation’
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GB Electricity system:

mmmm) Flow of money

Scope of REMA
) Flow of electricity

1

[l Generators

1

| Wholesale

1 market market

1

I ,
| Domestic
1 Distributed

1 generation

1

I System operator

1 (National Grid ESO)

1

1

1

High voltage electricity Low voltage electricity

35 Distribution network
Transmission network

[Ref: Tam & Walker 2023 Electricity Market Reform PN-694.]

Review of Electricity Market Arrangements

- Large generators are paid through the

wholesale market; power purchase
agreements; and Contract for Difference.

- Small generation feed directly into the

distribution network

- Suppliers buy on the wholesale market or

direct from generators. Suppliers sell to
consumers through the retail market.

- Network operators charge users for

connecting and using the networks.

« The System Operator works with all parties

to ensure real-time system operability.

- 82% of total energy is fossil based
- Little cross-vector interaction

Natural gas* 743 &

Nuclear 41 Storage: 5
Offshore wind 54 Vi )

Onshore wind 47
solar 13
Otherrenewables 14
Electricity import 23

Bioresource 126 I _‘i’;ﬂ-! [ 77

electrieity: 317

otner fuels 702 é

“axclyding exports

UK Supply & Demand 2022 (1763 TWh)

[Ref: ESO 2023 ‘FES in five’ executive summary]
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Natural gas* 64 I

Hydrogen import 32
Non-networked 50
generation

Nuclear 13

Solar 83

offshore wind 431

onshore wind 143
Other renewables 18
Electricity import 26

Other fuels 88

Bioresource 160 I ‘

_j’

[

Mat ha’n‘!re(orm!ng: 4510

Gas CCUBMa2em

Bitimass and:BECCS 53

Enargy{;mmnl

Hydrogen: 242

ysis: 162

glectriotty: 801

Storage: 10

[Ref: ESO 2023 ‘FES in five’ executive summary]
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ESO ‘Leading the Way’ 2050 scenario (1167 TWh)

- High demand flexibility and cross-vector interaction

- Green electricity and hydrogen for heating
- Direct Air Carbon Capture and Storage for residual emissions

Industrial
& Commercial

l & I 169 Residential

l =

Y 130 Electricny

=l MJ

Road and
I 132 rail transport
Aviation
I 182 & Shipping
1 curtailment

I 186 Losses

Direct Air Carbon
= 30 Capture & Storage

Policy and Delivery

- Focus on reducing investment uncertainty
+ Accelerating heat pump uptake. Decision on
H2 for heating.
- Negative emission technology choices and
accounting frameworks.

Markets and Flexibility
- Distributed flexibility through market reform

« Electrify transport and enable smart charging

and V2G

- Create real-time locational price signals to

support flexibility

ESO Future Energy Scenarios

Consumer and Digitalisation

+ Building trust through transparency and
create consumer value

+ Facilitate consumer participation through

digitalisation and innovation

- Accelerate domestic energy efficiency

Infrastructure and System

- Strategic network investment through
centralised planning
- Connections reform to accelerate RE
deployment
- Location of large electricity demands for
system-wide benefit

[Ref: ESO 2023 ‘FES in five’ executive summary]
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Energy Act 2023

National Energy System Operator (NESO):
* ‘Whole systems’ planning capacity.
* Electricity system operation.

Office for Gas and Electricity Markets (Ofgem)
* Remit to include Net Zero
* Reform energy code governance structures;
* Enact energy market reforms;

* Carbon Capture Use and Storage (CCUS)
* Establish economic and licensing regime

* Hydrogen
* Hydrogen heating trials;
* Hydrogen levy;

* Heat

¢ Market mechanism for low carbon heat
* Regulations for heat networks

* Flexibility

* Regulations for energy smart appliances
* Licencing of load controllers

* Efficiency

* Amendments of building energy regulations

* New ‘Energy Savings Opportunities Scheme

* Nuclear

e Establish ‘Great British Nuclear’

’

Ref: House of Commons Library Energy Bill [HL] 2022-23: Overview and linked briefings for details of Energy Act 2023

7

Current debates:
Splitting the electricity
market structure

Constraints

+ Nuclear is expensive to build, cheap to run and inflexible.
+ Fossil is cheap to build, expensive to run, and flexible

Drivers

« UK wholesale market is based on the marginal price.

- Gas prices drove wholesale prices to £100->500/MWh in 2022
- CfD renewable prices were £35->50/MWh in 2022

Wholesale market splitting solutions

demand’ market at the marginal wholesale price.
- Aggregate renewables into national or regional ‘Green Power
Pools’ to mitigate intermittency and retain low CfD price.

Risks

+ Untried in any jurisdiction.

+ Uncertainty may slow investment.
If insufficient energy in ‘as-available’/Green Power Pool markets,
then consumers still exposed to wholesale market.

- Renewables are expensive to build, cheap to run, and intermittent.

- Splitinto an ‘as-available’ market at the CfD price + an ‘on- {large consumers);

generators!

Fixed-price
contract?

Qualifying ‘green’

Market Clearing Price®
(plus e.g. ROC, REGO
revenue)

Other

generators

Green Power
Pool

‘ Market Clearing Price®

GPP in generation deficit’

Surplus to GPP requirement®

Wholesale
Market

Market Clearing Price?

Direct Contract

two-tier®

GPP Non-
Residential
Consumers

Supplier contract
(two-tier)®

Price®

Market Clearing
Price?

Market Clearing

Franchise supplier”

Standard suppliers
& consumers

Indirect Contracts
(smaller consumers);
potentially time-varying

Ref: Grubb et al (2023) Separating
electricity from gas prices through Green

Power Pools. Figure 6, p.27

GPP
Residential
Consumers
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Solutions
C u rre nt d e bates : . ‘Zonal’ model uses broad zones based on network constraints,
each with its own wholesale market. (~£15Bn savings between
L t I E P P 2025 and 2040.)
Oca IO n a ne rgy rl CI ng + ‘Nodal’ model (also called ‘Locational Marginal Pricing’) is more
granular, potentially based on Grid Supply Points at the
Transmission/Distribution interface. (~£31Bn savings between

Drivers
2025 to 2040.)

Increasing intermittent renewables and network constraints.

Balancing market grown from 5% to 50% of national demand since 2012.

Balancing costs to rise ~£2-2.5 Bn/year in the 2030s. .
Risks

Increasing regulatory and technical complexity
Increasing revenue uncertainty and investment risk
Create barriers to entry and transaction costs
Network development may change local prices
i Impacts on investor confidence and cost of capital
+ 'Postcode lottery’ impact on benefits
Updating boundaries creates uncertainty for users.
Complexity could delay decarbonisation in the short-term.

Constraints
Existing Distribution and Transmission Network Use of System
charges don’t provide effective locational investment signals.

Bllateral energy
trading Market Mitigation

Grandfathered Day ahead market el Real time market Real time
Wiz) (tvp) Commitment (Lme) operation
The DAN agorithm The AW slgorthin

FTR auctions and
bilateral trading
Auction Revenue Virtual trading

Rights

[Ref: Gill et al 2023 Exploring market change in the GB electricity system: the potential impact of Locational Marginal Pricing]
Figure 8: Key elements of a typical LMP market ~ [Ref: Tam & Walker 2023 Electricity Market Reform PN-694.]

Innovative solutions to structural challenges

[URL: https://picloflex.com/] p piclo"

* Piclo-flex demand response market platform for )
location specific competitive DSR procurement _ o | Competitions

* Reactive-technology’s Grid-Sonar™
supercapacitor for real-time grid inertia and
strength measurement

ABATTOIR

ABBOTSHILL

NETWORKS

. r: ici
Uk 5 .
Power —:'*—')Q " AN ﬁEﬂEEI:ZIEIF nationalgrid

Networks

1704 3969 316 1 278

astive closod active closed activa closed

10
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Key role of Power Systems Architecture

% /u:}\/_,:} Conventional scenario
directiona
flow of electricity
o » '
or

NEF) — T ld
Balancgfsupply/demand infgrnall
ERE PR e o Y
Rekolve imbalarfces externflly

A i (e
(‘Cellor thubitimodel)

[Ref: GPST Power Systems Architecture Reference Architecture for Australia’s National Electricity Market. 2023 p.93]

11

Enabling rapid whole-system transformation:
10 personal observations from the UK

1.  Effectiveness: Prescriptively regulated, disaggregated, privatised energy systems are economically
efficient - but not effective in delivering whole-systems change.

2. Integration: Whole system structural change requires a whole of system strategy, based on an
appropriate power systems architecture, and including reforming regulations and markets.
Regulation: Regulators should identify principals and outcomes — not prescriptions and inputs.
Innovation: |dentify long-term structural challenges and incentivise innovation to solve them.
Digitalisation: Energy systems data should be public by default to facilitate innovation.

o o A w

Evaluation: Monitoring and evaluation must be integrated, continuous and near real-time to capture
and redress unintended consequences.

N

Risk: Faster change means greater risks to be accepted and managed by government and industry.
8.  Equity: Separate energy policy and social policy — but link them in the public discourse.

9. Flexibility: Need both direct load control for reliability, and markets for cost efficient scaling.

10. Robustness: Cyber-physical power systems architectures are needed that fail gracefully.

12
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Korea's 2030 NDC and 2050 carbon neutrality goals are among the highest
globally, and to achieve them, Korea is making diverse efforts. However, there
are various challenges in the massive deployment of renewable energy,
including issues within the power system and compatibility problems with other
sources in the power mix. | am curious about the solutions adopted by the UK
in addressing these issues. Korea's power market system is rigid, leaning
towards regulation rather than a market-oriented approach. | am interested in
learning from the UK's experience regarding potential strategies for reforming
such regulations. Please share insights into Ofgem's role in this process.

Q1. Is there any change in energy policy in UK after energy crisis in 20227
Energy Security and Net Zero policy are simultaneously accomplished? and
Ofgem’s role of the policies?

Q2. What was the reason of the reformation of electricity market in 1990’s?
and what is the implication from the reformation to Korean electricity market
where is monopolized in distribution and retail. How independent is Ofgem?
How important is the Ofgem’s independence?

Q3. What is the solution of the interconnection problem when the increase of
the renewable power sources which are restricted in geographic location.
And what is the market solution of operation when the flexible renewable
rises.

Q4. What is the prime minister Sunac’s intention of delaying the ban of internal
combustion engine? How realistic do you think the nuclear power plants
play a role of UK's Net Zero?
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