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#ncsjuly22

House keeping

Fire Safety

There is no planned fire alarm test today. Should the fire alarm sounds guests are
asked to use the nearest fire exit and leave the building calmly

COVID

No requirement to wear masks but please be mindful of space
Security

In the event of a security alert, staff will direct us to a safe area

nationalgridESO




#ncsjuly22

House keeping

Facilities

W.C's and restrooms located other side of the Network Lounge
Car Charging

Park and Recharge App required

Break out space
If you require a room, for any reason, please ask one of the team
Future Energy Scenario — Virtual Event

Should you wish to view the virtual event a room can be provided

nationalgridESO




Aims for
today

@

Enable discussion

Share your questions
and concerns
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Networking

Share knowledge
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#ncsjuly2?2

e will be using Sli.do today for
audience participation

We want to ensure this session is as interactive as possible
and there will be opportunities to ask questions throughout the
day.

You can download the Sli.do app or access it on your device
using the QR codes around the room. Please use code
#ncsjuly22 to access Q&A and polls.

Please submit questions for the Ask the Panel session t
Sli.do.

nationalgridESO
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AN

9.30
9.40

10.50
11.05

12.30
1.30

3.00
3.15
4.00

Introduction and welcome

° Connections Heat Table and Transmission Connection Challenges

° Update on Construction Planning Assumptions Review

Refreshment break

° Connections overview: TEC Amnesty and Queue Management Update

. Whole Electricity System - Regional Development Programmes
Lunch — provided by Flying Cow Burgers

Round Table 1
ESO Connections - Customer Portal
Introducing our new Customer Connections Portal and inviting suggestions for Phase 2 development

Round Table 2
DER — Bilateral Connection Agreement Appendix G and Ways of Working
How the Appendix G process works, future changes and opportunities and inviting suggestions for improvement

Pop Pods
Our teams are here to talk to you, answer questions or just explain what they do and how it fits into the Connections Process

Refreshment break

Ask the panel — representatives from OFGEM, BEIS, National Grid Electricity Transmission, NGESO

Close
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#ncsjuly22

Transmission connections challenges

What challenges are we experiencing?

Licenced Applications Received

1000

900 The Transmission Contracted
800 Connections background totals over
700 306GW of generation and
600 Interconnectors
200 Growth of Licenced Transmissions
0 Connection Applications
300
200 In FY23, 27% YTD
100 In FY22, overall 64%

0

Apr May Jun Jul Aug Sep Oct Mo Dec lan Feb Mar
— 17 18— 201810 201020 2020/21  m—2021(27 —202223

nationalgrid



Transmission connections challenges

Heat Map

A single plan view of the
generation volume and
type due to connect across
GB by 2033

KEY:

- Above 20,000MW

. 10,000MW and 20,000MW

Between 5,000MW
and 10,000MW

. Green below 5,000MW

#ncsjuly2?2
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#ncsjuly2?2
Transmission connections challenges

Heat Map

SCOTLAND
BESS 5175

BESS Non-Renewable 448

BESS Renewable 1,080
Pump storage 3,156
Solar PV 89
Sync Comp 61
Thermal 40
Tidal 247
Wind Offshore 49,827
Wind Onshore 10,717
Total 70,839

nationalgrid



#ncsjuly2?2
Transmission connections challenges

H e at M ap | NORTH EAST

BESS 2,622
BESS Renewable 1,955
CCGT 7,503
Interconnector 1,000
Nuclear 1,670
OCGT 375
Solar PV 560
Tidal 247
Wind Offshore 8,920
Wind Onshore 985
Total 25,589

nationalgrid



Transmission connections challenges

Heat Map

NORTH WEST
AND North Wales

BESS

BESS Renewable
Biomass

CCGT

OCGT

Solar PV

Thermal

Tidal

Wind Offshore
Wind Onshore

Total

649

4,023

60

107

164

114

50

390

10,680

16,584
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#ncsjuly22

Transmission connections challenges

Heat Map

EAST MIDLANDS
BESS 177

BESS Non-Renewable 4,737

53]

S Solar PV 21417
Thermal 57
Total 6,723

/ nationalgridESO




#ncsjuly22
Transmission connections challenges

Heat Map

WEST MIDLANDS

BESS 1,294
BESS Renewable 4,737
Solar PV 269

Total 6,300

/ nationalgridESO




Transmission connections challenges

Heat Map

SOUTH WEST
AND SOUTH WALES

BESS 1,439

BESS Non-Renewable 12

BESS Renewable 2,565
Nuclear 3,340
OCGT 516
Solar PV 349
Thermal 164
Wind Offshore 7,991
Wind Onshore 1,594
Total 17,971

#ncsjuly2?2
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Transmission connections challenges

Heat Map

SOUTH EAST
BESS

BESS Non-Renewable
BESS Renewable
CCGT

OCGT

Pump storage

Solar PV

Wind Offshore

Total

569

750

621

1,800

100

3,156

57

1,200

5,097

#ncsjuly2?2

nationalgrid



#ncsjuly2?2
Transmission connections challenges

Heat Map

LONDON & EAST ANGLIA

BESS 518
BESS Renewable 3,389
CCGT 2,799
Nuclear 1,670
OCGT 655
Solar PV 600
ﬁ? Wind Offshore 9,344
i » Wind Onshore 67
Total 19,042

nationalgrid
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Sli.do Poll

Do you think we have been able to capture key
challenges to Transmission Connections?

nationalgrid



Transmission connections challenges

#ncsjuly2?2

How has the ESO reacted to these challenges?

Work with
contracted
customers to
confirm commitment
to the programme,
Queue
Management

Review the way we
assess and
model storage

Construction
Planning
Assumptions
review

Review the
approach to
Distributed Energy
Resources (DER)
and use of
Development
Regional
Programmes

Identify areas and
processes that can
be improved which
impact our response
and delivery
timescales

nationalgrid
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Transmission connections challenges

How has the ESO reacted to these challenges?

2019 — Smaller Team and simplified structure

Customer Connections

Senior Manager

T mEE e

/ nationalgridESO




Transmission connections challenges

#ncsjuly22

How has the ESO reacted to these challenges?

2021 - Structure changes and team starts to grow, creation of
dedicated team for DNO and Demand Connections

Customer Connections
Senior Manager

/ nationalgridESO




#ncsjuly22

Transmission connections challenges

How has the ESO reacted to these challenges?

2022 — Structure changes to ensure alignment with other strategies, enable focus on strategy
and change, and team continues to grow

Customer Connections
Senior Manager

/ nationalgridESO
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Transmission connections challenges

How has the ESO reacted to these challenges?

Long term strategy

Whole System Approach to Transmission Connections

» Improvement to Customer Experience & Engagement
» Alignment with GB Energy Strategy and delivery of value to end consumers
» Supports the delivery of NetZero

» Enable a process that advances the projects that are ready to connect

» Process that embraces diversity and complexity of Connections within a evolving Energy System

» Future proof process [new framework for periodic reviews & simplify change]

nationalgrid
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Sli.do Poll

Do you support the Connections Reform proposal?

nationalgrid
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Transmission connections challenges

Transmission & Distribution Queue Challenges

Transmission and Distribution Queues are not integrated in a single
platform and connection processes are not aligned, thus enabling:

« Distribution connections subject to Statement of Works experience two different /
gueue positions

« Lag between application to Distribution and Transmission System Operator

* Distribution Customers face ambiguity regarding opportunity and viability for
development of a future connection project

« Unavailability of one central database with consistent information on generation
connected, to be connected and offered

* An attempt to produce a T&D queue would consist of a manual exercise to
combine different sets of data which would become obsolete when released A
due to pace of change

nationalgrid
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#ncsjuly2?2

What is a Construction Planning Assumption?

CCGT2
800MW

CCGT1
500MW
WIND1
2000MW
BATT1
200MW
INTC1 CCGT3
1000MW 500MW
WIND3
400MW
COAL1
700MW
INTC2 WIND2
1400MW
1500MW

A Construction Planning Assumption is the generation
background which the ESO believes to be credible and
reasonable for a connection study

CPAs are provided to the TOs by the ESO as part of the
connections process for a specific region of interest

CPAs aim to achieve optimum balance between the risk of
system constraints and excessive network reinforcements

System Network
Constraints Investment

nationalgrid



Impact on Connections

Light CPA
CCGT2
CCGT1 ‘ 0%
0%
WIND1
25%
BATT1
0%
° No systewm works
+ri@@@r@d
INTC1 CCGT3
0% 0%
WIND3 —
100% —
COAL1 1
o6 |
INTC2 WIND?2
0% 20%

« Earlier connections dates
* No reinforcements

* Risk of constraint costs in actuality

#ncsjuly2?2

Onerous CPA
CCGT2
CCGT1 100%
100%
WIND1 —
100% Uprating
BATT1 Required
Uprating 100% 2026
Required
2027 1 inTet CCGT3
100% 100%
" wiND3 —
! [
100% COALL
I 1T 100%
INTC2 WIND2 | == e e = oy Cirenit
Really needed?

. Substantial reinforcements
. Late connections dates

* Reinforcements may not be economical in
actuality
nationalgrid



Current Construction

Planning Assumptions

Process

-

\

Transmission
Owner (TO)
Engagement

~N

-

Request from the
TO

Work with TO on
area of interest,

generation
included etc

-

Prepare
inputs

(- N
4 Run POUYA R Analyse
Results
\ (Power
Uncertainty
Year-round \. J ‘

\_ Analyser) )‘

Analyse the
JA results to decide
Use POUYA to on expected
perform generation
Prepare files to probabilistic dispatch
run probabilistic analysis
assessment

#ncsjuly2?2

-

\_

~

CPA Review

J

Review the CPA if
there are

comments from
TOs

Finalise the CPA

nationalgrid



Some challenges to preparing Construction "siuv22

Planning Assumptions

Changing

Varieties of
technology and
hybrid systems

Embedded
generator data

Impact of HND

Calibration on ' —d Layers of
embedded . L/ YRR contracted
attrition —_— generation

Difficulty in
establishing
attrition

/ nationalgridESO




: : #ncsjuly22
ESO and Transmission

Owner Working Group

Customer
Intelligence

Attrition Rates

 Ambition to enable earlier
connections without compromising
standards Distributed

Energy Improvements
Resources

Modelling
* Review and improve key inputs, Assumptions

assumptions and processes

CPA Clarity of

responsibilities

Consistency/
timeliness

/ nationalgridESO




Improvements to Construction
Planning Assumptions Process

4 )
( \ Prepare
o inputs
Transmission
Owner (TO)
Engagement K ) A

g J‘

Apply attrition and

Embedded
Generation
assumptions

Earlier
engagement with
TO — at clock start

4 )

Run POUYA

(Power
Uncertainty
Year-round

-

POUYA
modelling
improvements
e.g. batteries

\_ Analyser) )‘

~N

Analyse
Results

- A

Improved
automation

#ncsjuly2?2

-

\_

~

CPA Review

J

Standardised
report format and
reference
numbers
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#ncsjuly22
Implementation / Next Steps

. Review several options « Internal sign off for the implementation

« Case studies with TOs « Steering group for feedback and
continuous improvement

Q1 2022/23 Q2 2022/23 Q3 2022/23 Q4 2022/23
MR
CPA

Review

Strategy —

/ nationalgrid=S0O




Connections of Battery Storage fincsjuly22

FES 2022 Electricity storage capacity, excluding V2G and hydrogen storage (GW)'®

60 * Connections of Battery energy storage

. systems are currently studied assuming the
’ 46 GW worst case conditions

40 Contracted

* Thereisalso an unprecedented volume of
g% projects under the contracted background

e  Substantial transmissions constraints are

10 being observed in system studies
0 oo — — — _— T . * Thisdrives the need for considerable

enablingworks

Consumer Transformation System Transformation Leading the Way = Falling Short

nationalgrid



Working Group

* Animportant part of the business model for Battery storage is
energy arbitrage

*  Battery operation can have a negative correlation with system
constraints

*  Energy storage can play an important role as enabler of renewable
energy penetration and facilitate the transition to net zero

* A working group has been set up to explore news way of assessing
battery connections that better reflects how the assets operate

*  Solutions that could enable battery energy storage systems to
achieve earlier connection dates are being explored

#ncsjuly2?2

nationalgrid

nationalgrid

Scottish & Southern
Electricity Networks

'SP ENERGY
NETWORKS
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Progress to Date - Curtailment

6000
5000
4000

Z 3000
2000

1000

Example of Curtailment

Curtailment

Power Flow Profile

M |

I

= Circuit Capability

Time

= Post battery

=—Pre-bhattery

#ncsjuly2?2

Non- firm connections to offer earlier
connections to the network

Output of the battery storage to be
curtailed during system constraints

Mix of a contractual and technical
solution to ensure the output of the
battery storage systems is managed

nationalgrid



_ _ #ncsjuly22
Progress to Date — Operational profiles

Probability of
Curtailment

a

* QOperational profiles to be selected via a
Non- Firm P P

Earlier Restricted questionnaire when submitting a
High connection application

* Once fully defined, more information will
be provided on the implications of each
operating profile

Non- Firm

-
Later Not restricted

Low Medium High

Reinforcements

nationalgrid



Sli.do Poll

Would you be willing to accept some level of curtailment
If it enabled you to have an earlier connection?

nationalgrid



Next Steps and Proposed Timeline #ncsjuly22

*  Continue Working group discussion on outstanding topics

*  Engage with selected battery developers to understand their business models and operating profiles. If you would like to get involved
please contact us at transmissionconnections@nationalgrideso.com

*  Develop arequest for information (RFI) to engage a wider range of battery developers to enable us to get better insights into the
operating modes of battery storage

Ql 2022/23 Q2 2022/23 Q3 2022/23 Q4 2022/23
®  wogowDsuesens

Working
group set up

|BeTEn), Publish

- outcome
* O s

* Timelineis subject to changedependingon the outcome of the engagement
/ nationalgrid=S0O
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Short term to intermediate actions and """

strategies
Transmission Entry Capacity (TEC) Amnesty

Later this year, the ESO will be launching a programme to reduce congestion within the transmission capacity queue

TEC Amnesty is a process run by the ESO whereby we invite all parties with connection agreements listed on the TEC
register (i.e. generation developers) to confirm whether they would be willing to terminate their agreement at minimal or no

-

EOI review of
connections
Late October

Expression of Interest 2022* New TEC Register
(EOI) window opens Release of results and introduction of
September 2022* February 2023* Queue Management
EOI window April 2023*
TEC Amnesty closes Complete
Announcement October 2022* termination of
August 2022* contracts

March 2023*
*Dates for reference only ﬂathﬂalgrld



_ _ _ #ncsjuly22
Short term to intermediate actions and

strategies
Queue Management

We’re developing and enhancing Queue Management guidelines to ensure suitability for transmission connections.

Queue Management is the process of  Earlier in 2022, the ESO made the Next steps for this project include:
managing the order in whlc_h decision to pause the use of Queue + Introducing Queue Management
generators on the TEC register are Management .

: as a CUSC Modification
connected to the National
Transmission System. * Introducing new Queue

Management contract processes

*lllustrative view of the timeline we hope to maintain to introduce Queue Management to Transmission Connections

Review of CUSC

Mod Working
Group
Re-start CUSC Working October/November Queue Management
Group 2022 Confirm timeline for . Clauses applied to
September 2022 CUSC Mod submission CUSC Modification Contracts
Queue Continued to OFGEM apprﬁ;?éhbgoggGEM April 2023
Management engagement with December2022
Webinar stakeholders . -
270 July 2022 From September natlonalgrld

2022
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Whole electricity system

The Whole Electricity System team leads the ESO input into the DSO transition and the development of co-

ordinated local flexibility markets

ENA Open Networks

Facilitating DER
visibility

Co-ordinatingcross
ESO activities

Regional
Development
Programmes

Interim non-build
solutions

Longer term
strategy

#ncsjuly22

MW dispatch
delivery

GEMS

N-3 delivery

Primacy
development

/ nationalgridESO




Sli.do Poll
What should be the areas of focus for the ESO to

help drive the DSO transition and support DER
connection and flexibility?

nationalgrid



Facilitating distributed flexibility

Facilitating
market
access

¢ Inter-
operability

e Removing
technical
barriers

Enabling
operability

e Operational
visibility

e DSO co-
ordination

#ncsjuly22

3500
3000
z 2500
Z
o
8 2000
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(]
3 1500 I
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L
c
o
()

1000
500
- —
2018 Contracted 2019 Contracted 2020 Contracted

M Sustain I Secure M Restore

2020 Tendered 2021 Contracted 2021 Tendered

B Dynamic

Tendered and contracted DSO services continue to climb upwards in 2021

Volumes of DSO services by servicetype, 2018 to 2021, MW
Source: Power Responsive Annual Report 2021

/ nationalgridESO




Current activities to support #ncsjuly22
DSO transition

N\ Delivering the DSO
e ‘Enabling the DSO transition e Whole Electricity Joint

transition’ consultation Forum

e Greater DER operational
visibility consultation

e RIIO-ED2 business plans
e DER engagement

e Publication of service
provider information

e Implementing primacy
rules

e Development of
contractual arrangements

e Deeper access planning

Leadership \_ ) Facilitating feedback

Providing Thought

Open Networks Programme / nationalgridESO




#ncsjuly2?2
Enabling the DSO transition

ESO roles Development co-ordination DSO roles

Long term energy scenarios

System insight, _
planning and System development Planning and
network neltwork
development Customer connections dovelopment

Network access planning

Markets co-ordination

k- ¥ - Enabling the

Service procurement Wiy
Market A DSO transition
development - Market ' ’
and Charging and access development akest el
transactions
nationalgrid

P
Koy Codes aﬂd frameworks —_—

Operations co-ordination

Service dispatch

Control C.;entre Operational liaison Netwqu
operations operation

Incident planning and management .
nationalgrid



Facilitating Distributed Flexibility

& i

Facilitating market Service Increased DER
access for distributed coordination visibility in real-time
flexibility between markets operations

#ncsjuly2?2

Facilitating DSO

nationalgrid



| #ncsjuly22
Regional Development Programme july

(RDP) overview &

Scottish & Southern
Electricity Networks

* Whole system examinations of areas of the “‘ ﬂﬁ%%}fls
network

« Working with network organisations to find ways

to ‘unlock’ more capacity through non-network

: ‘electrici
solutions ST meslt':l

NORTHERN
POWERGRID

« Consider use of flexibility services from DERs and
developing coordinated markets, systems,
processes and ways of working with distribution
network operators (DNOs)

O D
vower —)

Networks

 RDPs are design by doing projects. They are WESTERN POWER
informed by, and inform, the ENA Open Networks ~ DISTRIBUTION
pr()Je C t Serving the Midlands, South West and Wales

Scottish & Southern
Electricity Networks

nationalgrid



Identifying and assessing options nesjuly22

Review Reviewing Understand
Construction as§ess.ment particular Construction
Planning criteria for system Programmes
battery icsues

Assumptions

storage

Local / regional

Transmission

management complexity dClofrs
and TEC

amnesty

DER able to connect sooner:

« With time limited restrictions Reinforcement required to

» Without restriction connect DER

* Through a non-build alternative

nationalgrid




RDP solution development
framework

Confirm

details of
Exploration constraint(s)
of issues by

GSP

Drivers of,

timing,
Undertaking location and
enhanced volume of
studies constraint

<<

Undertake
CBAprocess
ldentify and
assess
options
Determine
most
Use identified economic
system need solution
to assess
options

Stakeholder

Confirm and
implement
solution

Sign off and
roll out viable
options

Engagement

#ncsjuly2?2
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Finding a solution at Burwell #incsjuly22

e Original Connection Offer contained works at the GSP to be delivered in 2028

Exploration

maintenance periods if all parties connected
e An import and export issue at the GSP

CBA assessment undertaken on the build option against curtailing generation to

NGET studies showed that there would be issues, particularly across the Summer and J
manage overloads — fourth SGT is most economic solution J

Connect ~360MW of DER at Burwell on a temporary non-firm, uncompensated basis to
be managed by UKPN DER Management System (DERMS)

/ nationalgridESO




Current Projects in Delivery #ncsjuly22

mamme  Generation Export Management Scheme (GEMS) + SPD ANM

* Project in partnership with SPT and SPD
 First application of automated dispatch technology to help manage multiple nested constraints

* Pilot site delivery aimed at Q4 2023*

s MW Dispatch

* Project in partnership with WPD (South West) and UKPN (South East)

» Development of processes, tools and systems to enable dispatch of DER for basic transmission
constraint management service

« Aim to roll-out solution GB-wide over time

mmmmw -3 Intertripping

* Project in partnership with WPD (South West), UKPN (South East) and SSEN (South Central) UKPN
Phase 1 (MVP) has already been delivered
* Integration of NGET OTS, ESO SCADA and DNO SCADA/ANM systems to enable intertripping of DER

under certain outage + fault scenario
/ nationalgrid=S0




MW Dispatch in detall #ncsjuly22

« Local constraint markets for thermal overload
management under certain intact and N-1 conditions

« Initial roll-out with WPD (southwest) and UKPN
(southeast)

« Currently being developed as an active power turn
to zero service, with further enhancements
developed over time

« Contractually managed via a tri-party agreement
between ESO, DNO and DER

e |nstructions will be sent via the ESO’s ASDP

platform and passedto DER via DNO’s Py
DERMS/ANM systems 4'
* Initially open to parties with Visibility and Control '
clauses in DNO connection agreements WPD SW “ "
J’@ UKPN SE
&

nationalgrid

«  Other communication integration options will be
considered in future releases to broaden market
participation



#ncsjuly22

MW Dispatch Service Design (1)

« Alternative dispatch mechanisms
being investigated

* Intend the launch design to be simple
and provide an alternative route for
DER to fulfil their “visibility & control’
connectionterms

« The Balancing Mechanism or Wider
Access remain alternative options

/ nationalgridESO




MW Dispatch Service Design (2) fincsjuly22

 The service instruction will instruct DER from
their current output to OMW

 Instructions will have a minimum settlement
volume calculated over a time period of 5
minutes

* Proposed response time to be within 2 minutes

» Basis of service payment will be to take a
snapshot of output at T1 and assume straight
line delivery for duration of instruction

MW A

MW Snapshot at start of instruction

Minimum Instruction = 5 Mins Time

nationalgrid



Service trial roadmap #ncsjuly22

Early 2023 Mid 2023

Registration Testing Commence trial

Enhancements "o °U

e Startto _sign ® Registration e Trial service o Make

terms with, * Data USE: incremental

and register, exchange * Planning enhancemen

trial DER e System e Scheduling ts based on

(C?:]I;)u\/;;lgﬁon I(E;%gr_agﬁg e Dispatch prioritised list

veriod on NG - DER,, e Settlement

contract ESO internal

terms) systems)

[ Trial learning ]

nationalgrid



_ #ncsjuly2?2
Example future service enhancements

Possible future ‘upgrades’ to service design following trial period:

1) Alignment of pricing submission window to BM timescales

2) Inclusion of 0.5-1MW DER Units

3) Enable registration by previously connected DER (without V&C terms)
4) Consideration of unigue Ramp Rates

5) Configurable Baselining Methodology

Subsequent developments (longer development timeframes)

6) Dispatch of decremental (non-zero) instructions

7) Support for Aggregated DER Units

8) Support for service instruction via alternative routes to DNO dispatch infrastructure

9) DNO access to the service for distribution needs nationalgrid
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Sli.do code
#ncsjuly22
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#ncsjuly22

Breakout Rooms

We will now be breaking out into roundtable

discussion groups. You will be rotating rooms
according to the order of the coloured dots on
your name badge.

nationalgridESO




Ask the panel
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#ncsjuly2?2

Thank you for attending
today's seminar

Please provide feedback
now on Sli.do: #ncsjuly22
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