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Overview: our electricity business in GB

* The National Electricity Transmission System (NETS) is mainly made up of 400kV, 275kV
and 132kV assets connecting separately owned generators, interconnectors, large
demands and distribution systems.

* NG Electricity System Operator moves electricity around GB second by second keeping
supply and demand in perfect balance.

* NG Electricity Transmission owns and maintains the transmission network in England
and Wales.

» 230,000 km of overhead lines and underground cables.
* NG Electricity Distribution owns and operates the largest distribution system in the UK.
* Over 185,000 transmission and distribution substations.

* NG Ventures has a diverse portfolio of flexible and low carbon energy businesses across
the UK, Europe, and US including sub-sea electricity interconnectors.

* 7.8GW capacity of interconnectors in operation or under construction. Approx. 2,200
km of subsea cable connecting to 5 countries.
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Where we are now

Power Sector Carbon Intensity
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Future Energy Scenarios 2022
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Future Energy Scenarios 2022

The measure of CO2 emissions per unit of electricity consumed has
reduced by 66% since 2013, with 2020 being the greenest year on
record.

In GB gas has played a major role in the transition from coal. The

question is what source of energy would enable other countries to move
away from coal in a cost-effective, reliable, and sustainable manner?
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Growing importance of policy & government commitments

* Inthis period, GB was experiencing a competitive ‘self-dispatched’ market. A range of ‘sustainability- and security-focused’ policies
were needed to support this free market and deliver the government’s objectives and commitments.

/Privatisation

resulted in creating
wholesale and retail
markets. This resulted
in changes in the UK
energy landscape

access to the network,

competition.

o

programmes happened
during 1980s and 1990s

including areas such as

security of supply, and

Before 2000

Energy Efficiency
Commitment: set each
supplier a target to save
energy based on the number

of domestic customers they
/ &UPPW- j

\ ﬂenewable Obligation \

(RO): an obligation on
licensed electricity suppliers
in the UK to source a
proportion of their supply to
customers from eligible
renewable sources.

2001

ﬁ\lew Electricity Trading \

Arrangement (NETA)
introduced in the UK -
wholesale market moving
from Pool structure to
‘self-dispatched’ model.
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*Now 2024, a year earlier than originally planed

2005

/Climate Change Act
2008: aimed to reduce
GHG emissions by at
least 80% by 2050
relative to 1990.
Introduced carbon
budgets.

Smart Meters: the
Energy Act 2008 gave
power to begin smart
meters rollout.

\_

\ ﬂElectricity Market \

Reform” (EMR) was
introduced. It proposed
new “Contracts for
Difference” (CfDs) to
support low-carbon
generation via
competitive auctions, as
well as a “Capacity
Market” to guarantee
security of supply.

- /

2008

KEU Emission Trading

Systems: an absolute
limit or 'cap' on the total
amount of certain
greenhouse gases that

British Electricity Trading
and Transmission
Arrangements (BETTA)
introduced.

\_

can be emitted each year.

~
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2010 2013 2015

ﬂeed—in tariffs (FiTs) begah /COP 21 Paris \

to support small-scale (sub Agreement was made

5MW) renewables, leading to limit global warming

to a surge in capacity. The to ‘well below 2

number of small RES leaped degrees’, preferably 1.5

fivefold. degrees.

Connect and Manage The UK government

regime was introduced announced plans to

allowing more renewable close all coal power

connection to connect to the kstatlons by 2025*. /

electricity quickly than
Qefore. / 5




GB’s energy landscape: 2000 - now

» Up until 2010, the progress towards renewables was slow. Thanks to subsidies, low carbon technologies have reached to the point in their investment
journey that for the first time the share of wind energy overtakes the share of coal generation in 2016.

» As aresult of policy and market interventions, a huge increase in the capacity of offshore and onshore wind and solar PV in GB.
» Coal plants are reaching the end of their life-cycle and the number of coal plants live on the system reduces to only three.

» According to IRENA, the global weighed average total installed cost of utility-scaled solar PV and offshore wind has reduced by 80% and 60%,
respectively in 2021 compared to 2010.
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Milestones in GB’s journey towards grid decarbonisation
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Share of Electricity Generation - 2050 (forecast based

on Leading the Way Future Energy Scenarios)
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The gap to fully decarbonised power system

More asynchronous Variable sources of Less dispatchable
generation generation generation

Frequency

Response & Reserve

Thermal
Constraints

Energy
Balancing
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The role of DER/DSR will be
significant in the future. More
coordination between transmission
and distribution networks.

More holistic approach when
investing on offshore & onshore grid
to ensure the most cost effective
options are being proposed.

A more temporal and locationally granular price signals in the wholesale market could support energy balancing.
L1

Barriers need to be removed to open access for new
providers such as interconnectors, offshore wind,

Role of inverter-based generation would be significant in future.
Grid-forming capability would be key to enhance system
stability & mimic characteristics of conventional plants. Find alternative ways of managing system strength and
voltage by exploring different procurement options such
as long-term tender contracts or creating competitive =~ 8- - - - -
short- and long-term markets for stability and reactive to |~~~ "~
increase liquidity and create a route to market for low
carbon and flexible technologies.

Route to market for low carbon and flexible technologies to reduce the cost of
thermal constraints. Stronger investment signal for energy storage, incentivising
demand-turn-up in right locations, & the introduction of time of use tariffs (ToUT).

hydrogen, and DERs.

Rewarding and prioritising the role of flexibility to reduce curtailment.
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More investment Is needed to reinforce the network

+ The NGESO’s HND sets out the key infrastructure requirements to achieve 50GW of offshore wind by 2030, which established the Accelerated
Strategic Transmission Investments (ASTI) projects for NG Electricity Transmission to deliver.

Code Project Name Optimal delivery date3
Exaing retwork i A4S E2DC Eastern Link 1 (Torness to Hawthorn Pit) JV (SPT) 2027
et — 5 },‘ ¢ 17 ASTI PI’OjECtS Mature schemes E4D3 Eastern Link 2 (Peterhead to Drax) JV (SSEN) 2029
57:.;':”;,?":* = now allocated to S E4L5 Eastern Link 3 (Peterhead to South Humber) JV (SSEN) 2030
el . S NGET to deliver Momf_;fgr:g;eeme:_— TGDC  Eastern Link 4 (Westfield/Fife to South Humber) IV (SPT) 2030
CITCREE R P SCD1  SEA Link, South & East Anglia Link 2030
4 N Py
s | o [ PRI OPN2  Yorkshire GREEN 2027
farm - R
0 ¥ E Maleichemes BTNO Bramford to Twinstead 2028
- AENC North East Anglia GREEN 2030
ATNC South East Anglia GREEN 2030
Onshore CGNC  Humber Trent GREEN 2030
Mid-stage schemes
GWNC  Lincolnshire GREEN 2030
EDN2 Chesterfield to Ratcliffe-on-Soar 2030
o EDEU Brinsworth to Chesterfield 2028
HWUP  Hackney, Tottenham & Waltham NEW? 2027
gggnrf&ifassm TKRE  Tilbury to Grain & Tilbury Kingsnorth NEW? 2028
PTC1 Pentir to Trawsfynydd NEW?2 2028
PTNO North Wales NEW? 2029
= onshore == G Lincolnshire to Hertfordshire (or similar) NEW? TBD
%Vﬂ 6 further projects New schermes PSNC Pentir to Swansea North NEW? TBD
AC6  Pentir to T-Point (HVDC) NEW? JV (SPT) TBD
‘ to develop, but Truly =< AC4 SW_ElatoR4 1 (HVDC) NEw?| |ov(sSEN) TBD
23 delivery may be offshore = = =
subject to competition“ ‘wet wires’ AC2 R4_1to R4_2 (Offshore AC) NEW: TBD
> AC1 R4 _2to Lincolnshire Connection Node (HVDC) NEW? TBD
National Grid 11

[1] Accelerated Strategic Transmission Investment (ASTI) projects assigned by Ofgem in Dec. 2022; [2] New projects identified in HND to support increase from 40GW to 50GW government ambition for offshore wind generation; [3] Optimal date as defined in Ofgem’s ASTI decision; [4] Some or all of these projects may be
able to migrate into the full ASTI framework at a later stage.



NG smart solution examples

a—p==p Intelligently

SmartWires

*Power flow controllers
unlock 1.5GW extra
capacity without grid
reinforcement

*Reduce grid congestion and
RES curtailment

I ||  routes power to
a o maximise our
“ D\ network
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Inspection robot

*Boston Dynamics’ “Spot the Dog”
robot performs critical high-voltage
safety inspections

« Collects better information about
equipment, keeping employees
out of harm’s way

s
Sandy Pond is a
major provider of
clean energy to
New:England

ESO

markets and services

* Holistic network design

* Demand flexibility service

« Pathfinders — Voltage, inertia and
more

« First of a kind stability market
being designed

» Dynamic frequency services

* Local constraints market
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Role of flexibility in high renewables grid

* As increasing levels of renewable generation are deployed, particularly wind and solar, there will be times (i.e. windy days) when supply
is significantly higher than demand and the excess of generation should to be curtailed.

* By 2035, there could be surplus of generation in more than half of the year.

+ Flexibility — the ability to adjust supply and demand to balance the system — is needed to manage intermittency so that electricity can be
used when and where it is needed. It would help to reduce peak demand by shifting negotiable demand over different timescales, from
minutes or less to across seasons or even years.

* 46GW - volume of expected within-day flexibility by 2030 in GB.

» Some sources of flexibility:
» Dispatchable thermal generation
« Storage
« Demand side response (DSR) W 0B
- Vehicle-to-grid (V2G) R"
* Hydrogen (electrolysis) . EWC
* Interconnectors WX

Approx 9.8GW of interconnection either live or under g
construction. e
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