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TNO and DNO for Southern and Central Scotland

DNO for Merseyside and North Wales

44 000km Overhead Lines
65,000km Underground Cables
Over 3000 substations

A Total of 3.5 Million Customers

SP Transmission PLC (SPT)

SP Distribution PLC (SPD)

SP Manweb PLC (SPM)




Innovation Strategy
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The Future Networks team are delivering our innovation strategy through;

Industry leading expertise

Concentrating on creating a positive and lasting impact on the future of distribution and transmission

Two major fields of focus - black start and power electronics

Black Start
Black Start since 2015
Range of partners

Built expertise and
capabilities
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Power Electronics

Implementation across
voltages on
transmission and
distribution networks
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Power Electronics
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ﬂhoenix \

Synchronous condensers + static
compensator technologies - manage reduced
inertia and voltage control on Transmission
Network.

Angle-DC

Medium Voltage DC (MVDC) link to Anglesey,
increased renewable generation integration.

LV Engine

Trial of innovative Smart Transformers for

/£120m investmentin RIIO-Z\

Business plan -
implementation of
synchronous condensers at

Eccles

3 further sites planned to roll
out LV Engine Technology
within RIIO-ED2

kthe connection of LCTs /

\_ /




Transmission Network Reliability/Security
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/VISOR \
Greater visibility of network

state and assets

FITNESS

Efficient and effective digital substation

Distributed Restart

DERs supporting the network and restoring
power

Synthesis

Advanced analytics and real-time control

enabling rapid response to system

Qisturbances /

-

£13.59m further investment for
SPT, estimated £40m for other
GB Transmission business

£54m investmentin RIIO-2
Business plan - digital
substations - Westfield and
Hunterston

£5m Green Recovery Fund:
Synergy

2023-SIF: Black-start from the
offshore

\_ /




Electricity System Restoration Service - SPEN Pathway to Delivery ({4 5P Energy
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Learning Inputs

Distributed ReStart NIC
B Methodology, requirements, prototype™ | synefgy
5 § HilL trials, plant capability trials
f;é, g SPEN Distribution
ac Grid Forming Enabling Technologies Demonstrating Multi-Objective Serviceg Bottom up
. BESIS r : T : \ Electricity System
M e e i Resilient Infrastructure Restoration Service
kil °8-°, MIGRATE Reliability, cyber security, bandwidth Blackstart Demonstrator
g g J Regional Fast Balancing using Flexibility™ | Rioving in practice. hat D-Restartis feasivie
= § Effective Area Inertla measurement F|exibi|ity: Fast.response VPP
g Mnaﬂg diverse resources Rapid Regional Rebalancing
% g EFCC (NIC + extension) Avaflable for stabilty services Locational fast balancing service
g é Reglonalising balancing response Reqi | Inertia & Disturba chpteiofot A e INEGE IES SR
251 | - egional Ine lEa lls nces
S 2 |Distribution service provision Rapid in-area imbalance triggering SPEN Transmission
‘% g L E.g. UKPN Power Potential & others

Top down
Electricity System
Restoration Service

Demonstration in a live environment that the same infrastructure and set of resources can
be used for Blackstart, Frequency Response and Constraint. This will comprise of the
installation of advanced monitoring equipment, communication infrastructure and
resource control technology in two SP Energy Network Regions.



Electricity System Restoration Service - Dumfries & Galloway (@ 3P Eneroy
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Establish Electricity System Restoration Zone
o Live testing to prove BaU solution for future Electricity System Restoration Service

Island Merge within the Galloway Region



Electricity System Restoration Service & WACS - Central & Fife (@0 3P Eneray
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Middle Balbeggie [

Solar Farm [ Redhouse
BESS Site

! “ e
& Greenspan Site |
i!!!lJ»L" (Diesel Generator) i

I
Greenspan BESS Greenspan Site |
(Anchor Generator) (Consumer Load bank) l

Establish Electricity System Restoration Zone
o Live testing to prove BaU solution for future Electricity System Restoration
Service
Wide area fast VPP - Scotland fast balancing service using BESS
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Protection and Control Systems - Tiered Hierarchy of Control

OCC VISUALISATION & CONTROL
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Advanced Energy Management Systems - Tiered Hierarchy of Control

I SO — B
SPHQ i Wide Area Measurement System

Data Centre

Hydro Generator | .
PowerOn WAMS Server CentralControl | | \E,\’;tAel\:Ir;aLmassmpomt
Standard ADMS + FEP Standard WAMS DE . and Visualisation |
Windfarm Generator software configured software configured
with dashboard & scripts with dashboard & scripts

Site Type Functionality

SPHQ Synergy PowerQOn, Synergy WAMS DE, and

T~ —

Synergy PhC

Solar Farm Generator

Centralised Synergy AESRS & AWACS

NEBSEA

Battery Storage Generator Disturbance detection/location Measure SPEN Phasor Measurements of Electrical Network
aggregated response Control SPEN Real-time control of Generator owned DER Assets,
SPEN Real-time control of SPEN Load banks, and
Lz bale [ A SPEN Phasor Measurements of Electrical Network
............................................................................................... DER Generator owned DER Assets e.g. Hydro, WFM, BESS

e . A
! i : . | | Central &Fife
 Dumfries & Galloway DER Site 1 ESRZC PhC/ Control Site 1 » 2 .
. Electricity System Restoration < > e Electricity System Restoration Zone (ESRZ), and

Kendoon Hydro

. oy Wide Area Monitoring & Control Service
DER Connection P

Controller for island balancing, Load bank fast control .
(Disturbance response)

~ Zone (ESRZ)

S5
ESRZC and WACS PhC
Control Site 2 | |Control Site 3 Control Site 4 || Control Site 5 || Control Site 6 | |Measure Sitel| Control Site 7
Auchneel Glenlee S/S North Rhins S/S Glenchamber S/S Dersalloch S/S New Cumnock S/S Redhouse S/S
Load Bank Manual control| (Load Bank Fast control Slow balancing control || Slow balancing control | |Fast & Slow bal'g control| [Zone boundary & resync| | | Fast balancing control
Iy A T I
; ; - SPR not participating
Description NSSM FIU Description DER Site 3 DER Site 4 DER Site 5 in trial due to Siemens DER Site 6 DER Site 7
GE NGO NSSM North Rhins WF Glenchamber WF Dersalloch WF+BESS | Gamesa availability. | | | Redhouse BESS Anchor Middle Balbeggie
GE Phasor Controller - L e e DER Connection DER Connection DER Connection B DER Connection Solar Manual Control
;:Fasét ElgIFIexibIe Logic ‘ Protecii::: R::ES; e Modes
Modbus /0 via Gateway | o CheckSyncRelay ﬁ ﬂ Site BAU future proofed

Analogue I/O
Digital /O




Advanced Energy Management Systems - Balancing Controls
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Generation

Generation

Proportional Regulation (PR) P Secondary Balancing Control (SBC1)
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Active Electricity System Restoration Service (@ 3P Energy
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ADMS Dashboard

 Controlled unit measurements PQV,
setpoints, min/max available

* Control status and user interaction

« Workflow including DRZC zone
automation processes

| S —a |
B ‘rr'“ \
bR || e

l r_t._‘,-—' =
| 11 . A ——

WAMS Dashboard

« Dynamic trend charts

« Controlled unit PQV, frequency

* Resync boundary VF6 differences to align
« Zone control activity status




Fast Balancing Response to D-GEN 1.5MW trip Redhouse

3%} 88 Redhouse / Redhouse P&Q analogues <«
>
DZRC trigger fast balancing
t=0.08s plus wait time 100ms,
total 180ms latency

Redhouse Active Power

Load bank contactors response
800ms, overall total <1s latency
Callsfor 0.9MW (max available)

BESS 4% droop
keeps F>49.5Hz

F
D-GEN Trip 1.5MW (t=0) requency

Frequency drops -0.5Hz

49.82Hz

Frequency restored by Fast Balancing

49.52Hz

«
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Slow Balancing Response after D-GEN trip Redhouse (@ SpEneroy

Redhouse / Redhouse P&Q analogues <3

Redhouse Active Power

Slow Balancing control shifts load
bank to non-zero setpoint for margin 2023-06-27 13:40:24.560

== {name="F Loadbank"}

Load bank follows in1s

Frequency

Frequency reduced to49.70Hz
>of margin + frequency
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Resynchronisation Control and Relay Closure
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88 Redhouse [Resynchronisation =2

Voltage 33kV

Sync-Check
N Voltage resync control Close

pery
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I I

e e

— e
. ~FreqTésync control

Angle Difference

Angle aligns with natural variation

Resync Control Mode brings zone
voltage and frequency into
alignment with external grid
through P&Q setpoint control,
shifting position on droop line.

Resync Boundary can be remote
from anchor generator.

Sync-Check Relay function on
N60O PMU armed from ADMS

Process view & success observed
by WAMS, next actions can be
initiated (automated if required)
e.g. back to grid-following,
frequency droop control off, local
earth removed



Active Wide Area Control Services - Network Disturbances ({4 SP Energy

88 Test / Synergy Disturbance =< . 25 M WS re q U i re d fo r Fa S.t
Balancing Response

49.95Hz ; 0.05 Hz/s
/ 50 MW

49.94Hz [\ 0.04 Hz/s
( \ 25MW

49.94Hz N\ 0.03 Hz/s
k \ oMW

4993 Hz 0.02 Hz/s
25 MW

49.93 Hz 0.01 Hz/s
\ -50 MW

Sk 0.00 Hz/s
75 MW

-0.01 Hz/s 08:12:14.000 08:12:14.500 08:12:15.000 08:12:15.500 08:12:16.000
== RoCoF*H == Total Power Imbalance Power Imbalance Deployed Delta P Imbalance == Delta P Imbalance Out

49,92 Hz
4991 Hz
-0.02 Hz/s

49.91 Hz ! Disturbance Detection
-0.03 Hz/s

4990 Hz
08:12:14.000 08:12:14.500 08:12:15.000 08:12:15.500 08:12:16.000

Aggregated Freq == Aggregated RoCoF

Scotland Power Exchange

0.0 1
08:12:14.000 08:12:14.500 08:12:15.000 08:12:15.500 08:12:16.000

== gnyl] == LlpssL]1 == GlossL1 == |_RoCoF h_RoCoFL1 ow_f_L1 == high_f_L1

Level 1 Events

Lloss) * |_RoCaFL1 h_RoCoFL1 low_f_L1

Net k Disturbance
08:12:14.000 08:12:14.500 08:12:15.000 08:12:15.500 08:12:16.000
== Eccles 400kV (Stew_Blyt1) Active Power == Eccles 400kV (Stew_Blyt?) Active Power == Gretna 400kV (GRNA HARK) Active Power D e t e C't e d fietalyT
> v v

== Moffat 400kV (MOFF HARK) Active Power AUCC-COYL Active Power Coyiton 1 Active Power == Coylton 2 Active Power 0

disturbancelorgld=18&from=1 1 'search=open




Networks

Further Needs for ESRS & AWACS to transition to BAU ((d SPEnergy

Real-time co-ordinated zone control is proven; next steps for BAU services:

1. Track and forecast generation + stored energy

reserve sufficiency to deliver service when called Zone Outlook

. Confirm that zone has sufficient fast disturbance Manager Project

response capability

hardware-in-the-loop simulator Project

. Wide Area Monitoring to enable multiple vertical Further PMU deployments

services e.g. AESRS, FCM, CRM, and Digital Twin
Oscillation Stability

Management, Effective
Inertia, Frequency &
Voltage Control

. Dispatcher training environment with dynamic ]_ HiL Simulation

. System Integrity Detection Schemes and
Protection Schemes




Questions
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