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) Welcome — Peter Chandler

) Project review — Michael Kenny

) Power Engineering & Trials — Jack Haynes

) Organisational, Systems & Telecommunications — Michael Kenny and Chris Salter
) Cost benefit analysis — Gordon McFadzean

) Procurement & Compliance (inc. transition to BAU) — Hannah Rochford

) Final thoughts — Peter Chandler

) Q&A — Colin Foote and project team
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Project Review — Overview of the project and it's achievements Slido: #restart ()

Procurement & Compliance
(P&C):

Organisation, Systems

(live) Trials (PET): & Telecoms (OST):

*  Demonstration of Black Start *  Demonstration of Black Start «  Demonstration of Black Start from
from DER using Renewable from DER via live Desk-Top DER procurement via the Mock
generation Exercises — new ‘bottom-up’ Tender

restoration process validated

by industry

*  Defined the functional
Specification for a resilient
System & Comms
infrastructure

*  Defined all required DER,

DNO, TO & ESO Network

change impacts

* Defined the Grid Code changes &
modifications required to support the
ESRS & Distributed Restoration

* Defined & agreed with Ofgem, the
new funding mechanisms to allow
DERs and DNOs to tender for the new
services (SE & Northern Tenders in
progress towards BAU)

*  Defined the functional
Specification for a DRZ
Controller (GE prototype,
designed, built & tested)

*  Defined all required DER and
DNO Network protection
settings & equipment

27 Reports & Briefs, 10 Engagements events, 4 DRZC Functional Design Specs, 6 live trials stage podcasts during
Covid 19, 6 Stakeholder Advisory Panel quarterly sessions, start & end of project animation videos, and counting!

Knowledge &
Dissemination (K&D)
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Project Motivation

Critical to ensuring stability in UK power networks sector and
providing benchmark for worldwide utilisation
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7 days for full restoration

nationalgrid i oenc,

Slido: #restart

Project Closedown Event | 30 November 2022



Work Completed to Date — Galloway and Chapelcross Slido: #restart (1)

Power Engineering Trials Workstream (PET)

{}\Z} Kendoon ) Stevenscroft
Hydro - Apr 22 Biomass - June 22

™ ;. 000

oo

AKX~
>

Energised up to 275kV from 13MVA Energised up to 400kV from 53MVA
Generator & measure BLPU of Hydro Generator & measure BLPU of Biomass
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DRZ Requirements — Network Requirements Slido: #restart \)

1) Protection
« Alternative settings applied as required for Black Start

o Can be programmed into ‘Group 2’ settings on modern relays and enabled via SCADA

2) Earthing
» ‘Switchable’ Earthing transformer required at 33 kV beside Anchor generator
o  With 132/33 kV or 275/33 kV transformers not in the initial DRZ network the 33 kV network will be unearthed
o ESQCR requires an earth ‘as close as practical’ to the source of voltage

3) Resilience
« The 33 kV and primary (33/11 kV) substation will require resilient protection/telecoms for up to 72 hours

o  Sufficient capacity batteries or standby generation

4) Switchgear capability
» The switchgear needs to be capable of switching and fault breaking duty associated with an islanded network
o  Switching — the circuit breakers may need to break the purely reactive current associated with an energised network with no load
o Fault breaking — studies have shown Transient Recovery Voltage (TRV) may exceed switchgear ratings when fault levels are low
o Results in a high rate of rise of voltage across the CB opening contacts
o Vacuum interrupters are further vulnerable to re-ignitions which may cause generator/transformer winding damage
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The total requirements for each DRZ will be site specific (depending on the scope of the DRZ and capability of DER within), but will consist of the following:

DRZ Requirements — Distributed Energy Resources (DER)

Anchor generator Essential

(or power park)

Fast MW Control Potential

o
Frequency control Potential
Voltage control Potential
Short circuit level Potential

Energy (MWh) Potential

Only one anchor generator is required per power island. Self-start and
provide a controlled voltage source, able to energise the network to
reach the next resource.

May be required to supplement technical capability of anchor
generator for example enhance block loading.

Increase frequency stability of the DRZ and/or/ allow greater demand
blocks to be picked up.

May be required to support the anchor generator to maintain
frequency parameters during normal operation.

May be required to enhance the MVAr capability of the DRZ to
expand the island/energise to a higher voltage.

Increase the DRZ fault level. Facilitate protection operation at higher
voltage levels or converter DER to connect

Enhance capability of the DRZ to restore demand above the capacity
of the anchor generator. This could come from other any other gens
on the island. (May be schedulable or intermittent.)

Synchronous generator, or other technology with
required capability. A single point of connection is
required with the DNO network.

Battery, loadbank, flywheel, generator, others.

Synchronous generator, synchronous
compensator (an inherent response is required
without any measurement delays), others.

Synchronous generator, converter based sources
with appropriate control, others.

Wind farm, solar, battery, synchronous gen,
Statcom, SVC, others.

Synchronous generator, synchronous
compensator, others.

Schedulable MW - Synchronous generator
(additional to the anchor), Intermittent resources
(constrained and controlled by a set
point),demand side management, others.
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Nature of Innovation Slido: #restart \)

Ground breaking trials led by SP Energy Networks

m Deliverables

Grid forming battery tests, without diesel generator
Grid following battery tests, with diesel generator - droop control
Grid following battery tests, with diesel generator - set point control

2 Primary transformer energisation through grid forming BESS, with/ without
diesel genset
Redhouse GT1 and Glenniston 132 kV energisation through grid forming
BESS, with/without diesel genset

3 Self starting grid forming battery tests under DRZC control
Optimised power island control through DRZC with multiple DERs
contributing to island
Resynchronisation of power island to intact SPEN network

BAU Solution
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Phase 1 — Energising Greenspan 33 kV network

To Cupar/Leven To Westfield £ Q
4 REE S
. SR
Lowr Lowr Redhouse 3 N
208 e Primary (33/11kv)[ies Middle
H . Glenniston = Balbeggie Solar
ase ey e |Ve ra es- 132/33kV 18 e BIRREL ST WYND
106 km 200 132kV T (Primary 33/11kv)
(OHL) =
L O

Grid Forming Mode: R IR

= Energise Greenspan 33kV network from BESS

in grid forming mode anid
=  Tests with and without diesel generator S .
* Implement load steps, charge/ discharge B R —— _—
transition, transformer energisation — 7 33KV
= Droop and set point control testin . | W—
P P & et : e
. . 1 T10 132 kV
Grid Following Mode — Droop Control: | X | sz 33Ky
. . . ! 3311(5\/\// @ | ONAN LV AC
=  Energise Greenspan 33kV network via diesel s s : : 1 oA
generator with BESS in grid following mode ” I T . © i ; |
. ‘ Generator Load bank  Earthing | Temporary hire
using droop control v/ s34/ o e eavipment
seo0 D) s
= |Implement load steps and evaluate response o oy
Grid Following Mode — Set Point Control: o o o B o

kVA kVA kvA kVA

= Energise Greenspan 33 kV network via diesel
generator with BESS in grid following mode

using set point control s, @ M B
= Test 4 quadrant operation

Samsung M3F

Samsung M3F
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Phase 2 — Energising SPD 33kV network & SPT 132kV network

Slido: #restart

Phase 2 Key Deliverables:

Energise SPD Primary Transformers:

= Energise Redhouse Primary T1 and Chapel
Primary T1 from Greenspan site. Include
Balbeggie Solar

=  Primaries to be energised separately and
simultaneously.

= Energisation from Diesel only, BESS & Diesel
and BESS only.

Energise SPT 132 kV Network:

= Energise Redhouse GT1 and 132kV OHL to
Glenniston from Greenspan site.

= Redhouse GT1 to be energised separately
and then with OHL.

= Energisation from Diesel only, BESS & Diesel
and BESS only.

To Cupar/Leven To Westfield

Redhouse ;
Primary (33/11kV)

BIRREL ST WYND
(Primary 33/11kV)

v Middle
Glenniston ” Balbeggie Solar
132/33kV
10.6 km
(oHL)
=
| Redhouse GSP
Grid T1
132/33kV i T
190 MVA 60 M !
Grid T2 :
90 MVA B
g Q |
sssss i
o 1514 13 12 11 i
eid3 I e $ $ % % 6 : .
H z
| i
T
10 @
i 33kv
U5 - w2 1HO
@]
Ta— 4k S
[ Temporary hire ‘ "
BESS Site . Auxiliary
- i equipment » ! Transformer
H ‘ T10
‘ i 33kV/ 420V
630 kVA
! 33KV / % I ONAN
‘ 415V ‘
I
|
MVPS_B MVPS_B ‘ ‘ S N
o1 02 -4
| |
O B | | |
‘ Generator Load bank  Earthing ‘ Temporary hire |
L __S5MVA _5MVA__ Transformer | equipment
33kv/ 33kv/ i
520V 520V
5800 kVA @ 5800 kVA
ONAF ONAF
Dyl1y11 Dy11Dy11
7=65% 7=65%
520V 520V 520V 520V
2900 5 = 2900 2900 % = 2900
KVA KVA KVA KVA
DC Cables DC Cables
10x1C 400 10x1C 400
mm’ mm>
BAT-01 BAT-02
il i
2x22 Rack 2x 22 Rack
Batteries Batteries
43MWh Total 4.3MWh Total
Samsung M3F Samsung M3F

LvDC
Phase 2 Test Network
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DRZC Phase — Phase 2 Expanded/ repeated under DRZC with loadbank control

To Cupar/Leven To Westfield

Middle balbeggie
Solar

Hovr

203 303

Additional Infrastructure needed

24 220 28

132kV ary 33/11kv)

O

=
428 420 a2

11kV
Primary (33/11kv)

VT &CT
Monitoring

Test regime T e
1. BESS grid forming on & network

energised
2. DRZC takes control

3. BESS, Solar, Diesel Gens and Load bank g
outputs all contribute to DRZ i

VT @ ——

T1
10 MVA

GridT1

132/33kv

Monitoring

Grid1

DZRC Control 1

(PhasorCfntrollef)'\ \31(5:3’444 #
] L

DZRC Control 2
(Modbus IP-RS485)
>

m 215 < 1HO 4 Comms connection over ODN
Comms connection over Direct P2P Cables

CT Monitoring

VT Monitoring VT Monitoring

Aggreko Auxiliary

4. DRZC only controls load bank and BESS Aegreko | e —

DZRC Control 3

AlXLPE (Modbus RS485-1P) - 10 o .
3x1C 300 + " 33kv/ SPEN Pre-existing equipment
A 120V (DZRC Redhouse Scheme development and VT &
L 33kv/ CT connection at Middle Balbeggie are additional
AIXLPE a15v 630 VA over pre-existing capabiliies)
ONAN
O u t p u t S Mvo"ls-B MVOPZS-B s Ra— SPEN DZRC new permanent
— e E 5 } i - (Fibre cable will be pre-existing but ODN switch
= ' ! connectivity and ODF splitter panels at each end of
L 33kv/ Generator Load bank  Earthing i Generator I the fibre are additional over pre-existing
Demonstrate DRZC ability to operate, T T Tngomer L Swoun_| =
5800 kvA ! ) ) ) Greenspan pre-existing connection
H H ONAF 5800 kVA R snubber- reaired due to TRV lsues inroduced with the (DZRC Redhouse Scheme will control the BESS but
monitor and control a BESS DRZ with loca oytiyia 01 - e {roconnocton o o BESS Conpalie pre-oxstng)
7=65% Dy11Dy1L )
. . o Load bank 35V comecton- - Greenspan temporary connection
- (DZRC Redhouse Scheme will control the Load
network energised and multiple DERs A
works to the Load bank is additional over pre-
saov saov s20v sa0v existing capabiltes) "
KkVA KkVA kvVA kVA SPEN new Temporary
(PoW is assumed to be needed and wil be
connected as per the Phase 2 test requirements
DC Cables DC Cables DC Cables DC Cables e e S oles to
edhouse 3%/ ocation will be
10x1C 400 10x1C 400 10x1C 400 10x1C 400 required for the POW so new cables will be
mm? mm? mm? mm’ required for DZRC monitoring 1)
BAT-01 BAT-02
1095.5 1095.5 1095.5 1095.5
v v v v
118A 118A 118A 118A
BAT- 2 x 22 Rack BAT- BAT- 2 x 22 Rack BAT-
01A Batteries 01B 02A Batteries 028
43MWH Totat 43MWHR Totar
Samsung M3F Samsung M3F
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Organisation, Systems & Telecommunications Sido: #restart (1)

Organisational Outputs:

* New strategic command and control model required with significantly enhanced role for DNOs and new capability for DER
 Full end to end process documentation including testing via desktop exercises and creation of an example distribution restoration zone plan

« Change assessment for all parties involved in the restoration process in final report

ESO continue to coordinate national restoration including instructing the start of plans whilst DNOs lead FnergyREV Flexttridity
locally. The DNO makes use of a control system for management of real time frequency, voltage and o
generator dispatch (8 sy J YC eoan
g
e samarab, W Viridor
/5“ SE?E!Y: Pen;c‘z“;é\‘ue\' ‘
| ". | I‘ ?ol\;xmunications
A '.. : SiEmENS & Services Limited
(o ah o
= nationalgri @
NGESO DNO DER _é%ﬂ:OGROUP E(e)aM(I:ER
- Fosttbfiored
. » Declare Black Start « Declare and instruct restoration | = Multiple individual providers deliver . e~
: Trgps;}mlssm? network . National strategy to service providers different services to the restoration Tationalgri ?Eé&"ﬁ;’é’ﬁ‘é’f“ i 2>
switching _a(_: lons +  Regional strategy * Develop local restoration zone =
+ Data provision to DNO . o ot ; L
+ |nstruct DRZ start strategy * Anchor DER provides the initial @ WPO nel = ]
+ Co-develop - PP N b
¢ ission level « Instruct transmission » Distribution network switching voltage and frequency source N ecohicity
rtantsmlssmn eve restoration route actions + Top-up service providers support
. IS rategy d ber of + Instruct power island growth * Local voltage and frequency power island growth :
nngvzegséez numbero outside of DRZ management Desktop Exercise Attendees
Thanks to all involved!
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Organisation, Systems & Telecommunications Slido: #restart )

Systems & Telecommunications Voice Traditional Restoration

[ Emergency Service Provider
outputs: Voice +SCADA | Instruction

traffic

| Emergency 132kV+ CUSC signatories
(outside DRZ)

 Full specification of the interfaces and

e Voice Instruction
communications methods between Dice +
isati +3CADA  geapa - Field Staff Manual
organisations traffic Voice ' Intervention

. . . o SCADA
» Functional specification created detailing TO - T-Network Assets
all technical and non-technical aspects for .

o . . Voice +
a power resilient communications network
wk?ich is able to facilitate the control SCADA R
i DRZCBoundary
system requirements

Bl D-Network within DRZC
« Detailed cyber security assessment of . oice Boundary
the control system and communications ' : DER within DRZC
network including recommendations for m ' Boundary
roll-out GB wide Manual

ICCP links propose

Intervention

« Technology agnostic approach to enable . SCADA D-Network outside of
DRZC Boundary

lowest cost GB wide roll-out based upon

existing infrastructure wherever possible Voice + Emengency Instruction
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Cost Benefit Analysis (CBA) Slido: #restart Q

CBA Methodology

L |

Restoration costs by Rank capacity by £ / MW / year :
ower station type cost Restoration Costs
i 1 (£ / year)

Restoration Procurement Model

(£/ MW / year) Select cheapest MW capability
Stop when zonal MW
Restoration capability by & requirement is met
power station type
(MW)

\ Distributed ReStart makes additional capacity available
from the distribution network
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Cost Benefit Analysis (CBA) Slido: #restart (1)

Restoration provided by 2050 (Leading the Way Scenario)

 DERSs only make up a small proportion DERS
of the overall restoration capability 59
in 2050 Transmission
_ conn.ected Interconnectors
- However, the overall restoration variable 299%
capability looks very different, generation (e.g.
and is very reliant on: OoW)
24%
o Storage
o Variable generation
like offshore wind
o Interconnectors
: Dispatchable Transmission
o Dispatchable low-carbon power low-carbon
like CCS and hydrogen : connected
I yelerg power stations storage
(e.g. CCS) 329%
10%
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Cost Benefit Analysis (CBA) Slido: #restart (1)

NPV up to 2050
Millions
 The “headline” benefit under the £0 £100 £200 £300
Leading the Way scenario is similar to -
the original 2018 submission. § NIC Submission || GG
* Inthis spenarlo, without distributed Leading the way NN
restoration, there may not be enough
restoration capability in the system.
. v v Steady Transformation |l
AN
- The method is less beneficial in S
scenarios which can use other Consumer Transformation |
technologies for restoration
_ _ Steady Progression [l
 If costs fall quickly, or if other
technologies can’t be used as easily, o No intermittent [N
then benefits are higher. 2 o fermien
k3 Costs fall quickly [ G

Project Closedown Event | 30 November 2022



Procurement & Compliance
(inc. transition to BAU)

P f_._‘ >
>

R

1 o

_ Energy restoration
The Project Closedown Event | 30 November 2022 for tomorrow



1. Proposals meet the commercial objectives for Distribution Restoration Distributed
service —to promote accelerated restoration times and add financial ReStart
value —

to end consumer Distribution Restoration
future commercial
structure and industry
codes recommendations

2. Our service designs will look to procure the right functional capabilities
from the right DER providers in a DRZ in order to be compliant with gmcurf’me"t and
ompliance workstream
the ESRS 20 December 2021

3. Afit for purpose, end-to-end procurement process has been designed
— which includes an enhanced role for the DNOs

4. Codes work will future-proof Distribution Restoration service — a detailed
review of the industry codes, legal text drafting and progressing through
ongoing code modifications

Download from: o
https://www.nationalgrideso.com/uk/electricity-transmission/future- L .
itini nationalgrid

enerqy/projects/distributed-restart/key-documents

one meeﬁngs with DER providers, DNOs and wider industry


https://www.nationalgrideso.com/uk/electricity-transmission/future-energy/projects/distributed-restart/key-documents
https://www.nationalgrideso.com/uk/electricity-transmission/future-energy/projects/distributed-restart/key-documents

Key Deliverable from Procurement and Compliance Workstream Slido: #restart \)

Distribution Restoration procurement process map

National strategy Regional strategy Pre-event

Tender event Construction Commercial operations
Pre-approval
submissions and
Mlalmhr 1‘:51?:: Assess and Works and Contract
Herated al year long iy ‘morene. [ <= oesceas = morh e avard >3 commissianing kgt 5
n =12 m lears
Launch ‘
pre-approvals
g sug-lwﬁi)aim > Dll?:;}aa:l]nr?l)gs
; Launch/ F s B— (Subm\srsn\lor‘l Contract Servi
§ - oo ami Hemted o yaarong ey [T btk 2 | S || eotveaponse a [ | i stnes [ | awara commencement
5 Request for E"’Mé‘;}ld ’:ﬁg;ﬁ
2 et P e
§
E
e e Approx
months months 6 months
Roles of the DNOs in this procurement process:
Be involved in : . Complete any : :
. . F into th En with all ; Be involved with
Input/run regional assessing tender s 10 the gage with a enabling works/ € INvVo e
strategy S - combined relevant parties to commissioning in-contract
assessment agree DRZ Plan assurance /testin
each stage 9 assessments 9
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Settlement & Funding: Contracting:
ESO to pay DER Open and transparent
contracted costs but Tripartite contract between
DNO to recover their ESO, DNO/DSO and DERs

network upgrade costs — both AG and TUS
through price control

The options, criteria, stakeholder engagement and decisions are elaborated in the P&C final report

Section 3.3 in the Section 9 in the Section 10 in the P&C Section 12 in the P&C
P&C final report P&C final report final report and Appendix 2 final report and Appendix 3



Next Steps: Transition of Process to ESR BAU Tenders in 2022 Slido: #restart \)

ESR tender rollout plan for 2022 - Including DER for Distribution Restoration

» South East Region — EOI in June 2022, [ | @22 | 0322 | asao22 | Q1223 | Q@a02z | Q32023 | Q2023 | Qio2a | 220

Service go-live in Jul 2025 ﬂ
Bpr May Jun Jul Aug Sep Oct Mov Dec Jan Feb Mar Apr May Jun  Jul  Auz Sem Ot MNov Dec Jan  Feb Mar Apr May lun

» Wind Nation-wide — EOI in Aug 2022, H | ‘ .............. ‘ .................................................................... ‘ ............ > _. ' Build starts

Service go-live December 2026 or 2028 '
> Northern Region — EOI in Oct 2022, u = ‘ | ‘ T ‘ . Build starts
Service go-live in Nov 2025
| ’ ‘ ’ _ . Build

» DNO Collaboration ongoing

. EQI Launch ' Contract award «ewveereesenane » Network studies ongoing
» EOIl results have surpassed our
forecasts ’ F1 submission
» Ofgem and BEIS are kept well-informed ’ o
F2 submission

throughout the processes
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Final thoughts
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