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Services implemented with wide area control

Manage a co-ordinated distribution-based system
restoration zone

Using same infrastructure, provide an aggregated fast
response service for network disturbances.

GB Electricity System Restoration Standard
implemented regionally, with an interim target of
60% of regional demand to be restored within
24 hours.

Basis for distribution providing regional
disturbance response service. Improving system
stability while reducing cost of ancillary services.

Design, implement and demonstrate a control system to achieve these goals

Distributed ReStart & Synergy



GE VERNOVA

INNOVATION CENTRE

ELEGTRICITY SYSTEM ZERG CARBON

RESTORATION

RESTORATION SERVICE USING DEF
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Control Zone with Diverse Resources

CONTROL ZONE

Controllable Synchronous
w Generator DER

Zone
Controller

Renewables

Fast Balancing
BESS, Loadbank

GE VERNOVA

TRANSMISSION
SYSTEM

BLACKSTART:
Energise transmission
OR Resynch with transmission
OR Synch to other zone

GRID CONNECTED:
Dynamic Virtual Power Plant
(D-VPP) resource - fast P&Q
response at zone boundary




Pathway to ESRS System Deployment

GE VERNOVA

Lab environment

epleCTORUENRII Concept design
specifications

Real environment

practical trialing Implementation

design

Critical
infrastructure
deployment

Resilient Scaled-

up Design

© 2024 GE Vernova and/or its affiliates. All rights reserved.

Prototype
system, HilL tests

Deployment
testing, HIiL &
injection tests

Testing,

operator training,
procedures

Qualified zone
control approach

System
Live Trials

Rollout & service
delivery

Distributed ReStart

innovation project
NGESO & SPEN

Synergy

Live Trials project
SPEN

ESRS Service

Delivery project
NGESO & SPEN



Controlled Zones for Live Trials

Control Zone #1
Hydro & wind generation

Transmission
275 & 400kV

132 /33 /11 kV

GE VERNOVA

Transmission

132 & 275 kV

Transmission
275 & 400kV

|

© 2024 GE Vernova and/or its affiliates. All rights reserved.

REDHOUSE
SUBSTATION

Control Zone #2

BESS & Solar &3
132/ 33/ LV

REDHOUSE
BESS




ELECTRICITY SYSTEM RESTORATION SERVICE

CONTROL SCHEME DESIGN

© 2024 GE Vernova and/or its affiliates. All rights reserved.
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Control Hierarchy

Operational
Control Centre

Zone Control
e.g. Anchor generator of
restoration service

ADMS Operator Dashboard

DRZC

CENTRAL CONTROLLER

Central Wide Area Control
Co-ordinating Regions & Services

Measurement
C37.118

A
Control

IEC104

y

PMU

A 4

delivered by the zone

DISTRIBUTION RESTORATION ZONE CONTROLLER #1

Logic for controlling & co-ordinating services

Edge Control
e.g. Other controlled DER,
storage etc

Measurement | Control * 1 Measurement
C37.118 IEC104 C37.118
FIELD INTERFACE UNIT #1 FIU #N
Local failsafe logic, interface to plant, Etc.
data aggregation & encryption
Modbus / DNP cs7.118 | ] GOOSE
Plant Ctrl [ PMU &IO [— CBCtrl

© 2024 GE Vernova and/or its affiliates. All rights reserved.
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GE VERNOVA

WAMS Dynamics Views

ZONE #N

Etc.




Control Hierarchy Implementation

»

<300ms

Region Latency

<«

g

Zone Latency <100ms

&

ADMS+FEP

Distribution management
with dashboard & scripts

GridOS WAMS
WAMS data & apps
Area inertia measurement

CENTRAL CONTROL

Transmission
WAMS/PDC

PhasorController

Flexible, Fast
Logic Controller
for WAMPAC

g9

N60 PMU &
Field Interface

Zone Controller

i ]
|
ESRS/AWACS Controller T
|
i

CONTROL ZONE A




DRZC Balancing Control Processes

Process Description
Proportional Regulation Conventional local droop frequency & voltage control; Wide Area Control
e.g. BESS, Hydro (WAC) may adapt setpoints.

Fast Balancing Sub-second WAC control to rebalance load pickup or load/gen trip.
€.g. BESS, Load bank Response proportional to power gain/loss, using multiple resources.

Slow Balancing WAC re-dispatch of slow responses so fast balancing units maintain
e.g. Wind, solar, load control margins

Priming Biasing fast response units for maximising load pickup capability

Resynchronisation Control Aligning the island’s frequency and voltage with grid across resync
boundary. Followed by synchrocheck relay arming.

Dynamic Virtual Power Plant Once resynchronised, zonal P & Q setpoints can be applied to the total
export which can change by manual dispatch or auto trigger.

© 2024 GE Vernova and/or its affiliates. All rights reserved.




DRZC Balancing Controls

Merging resource capabilities in co-ordinated zone balancing

Full
dynamic
range

Steady-state

operate range —

with margin

Restoreto -

green if outside
yellow zone

Generation / Storage
Proportional Regulation (PR)

PRUNIT 1

l PRUNIT /

( J

Y
Local P-F Droop Control

F

v

Several units of each response type can be configured. Shown here with two of each type.

N Op Lim +

D Trim Level +
C Trim Margin+
Operating point

B Trim Margin -
A Trim Level -
M Op Lim -
Generation
P . Secondary Balancing Control (SBC1)
P__Pselpt SBC1 UNIT 1 SBC1 UNIT/ Increasing Net
Poutput - Generation
_ Power available 4
T C T
P output
Fast Setpoint Control PToadTvel
( | | >
[ ] Breaker Control
4
]
PBC UNIT 1:. 'sec2uNITT UNIT/
oMW
- | |
Y
. ] Slow Setpoint Control
— p
PBC UNIT /
- 305_, P setpt >
P output
Load Bank / BESS / R Load Shed
Primary Balancing Control (PBC) T Secondary Balancing Control (SBC2)

Increasing Net
Load n



ADMS Network Control & Supervision Processes

Process Description

Network Initialisation Sets all CBs to known starting point for island
Enable/disable units Manage which units are participating in the zone control
Enable/disable control processes Manage which control processes are active in the zone control

Energise network Switching sequences to energise network sections, simplifying procedure

Observe zone state Zone black, zone islanded, unit operating point vs limits etc.
Initiate resync control Zone starts follows the frequency and voltage across the resync boundary
Synchrocheck arming Once F & V aligned, arm the synchrocheck relay, observe closing

Dynamic VPP settings Enable and apply zone boundary P&Q setpoints to Dynamic VPP function

© 2024 GE Vernova and/or its affiliates. All rights reserved.




Typical Field Installation

GPS SPEN Equipment DER Equipment

Antenna
PTP Clo
RT4 PTP Ethernet
Analogue I/O .
»| Junction
ODN _ ODN Ethernet o o _ Box o
Network Switch 60 b Digital I/O h Ana!Ogue
2-wire
4-20mA
Fthernet = _
ds0 © o R EEEE EEEEEEEEEEEESR
D l. a | |
| |
| |
| | v
| |
. Relay
. System Local Control
Modbus/ g System
DNP3 over =
Serial if :
required u
110V | 110V | 110V . SER-
SPEN OZA OSA OGA EEEEN S EEEEEEEEEMEDS ET|-|
Power Feed DC PSU CNV
utilising Chargers
Windfarm
CB Energy
Services
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ELECTRICITY SYSTEM RESTORATION SERVICE

HARDWARE-IN-THE-LOOP
TESTING

© 2024 GE Vernova and/or its affiliates. All rights reserved.
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Hardware-in-the-Loop Test Setup

Scotland Region frequency
[

TECHNOLOGIES

Equivalent Inertial
- Generator - Scotland Area

SCADA |[EC104

Network View
ADMS+FEP configured for
restoration zone control

Synchrophasor
measurements &
GOOSE control

Dynamics View
WAMS PDC, applications &
yisualistion of system d naics

Synchrophasor
IEEE C37.118

Real-time control
Bank of virtualised
PhasorControllers

SERVER WITH VMs WITH GE’s SYNERGY MONITORING & CONTROL

© 2023 GE Vernova and/or its affiliates. All rights reserved. 15



Hardware-in-the-Loop

Functions Challenges
Testing scheme logic & performance Dynamic model validation
Demonstrations & acceptance tests Creating representative comms

Operator training simulator Performance in real-time simulation

© 2024 GE Vernova and/or its affiliates. All rights reserved. 16



ELECTRICITY SYSTEM RESTORATION SERVICE

LIVE TRIALS

© 2024 GE Vernova and/or its affiliates. All rights reserved.
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Live Trial Visualisation of Blackstart & Islanding

etworl
ngs ...1,_“;..
o EEE I WEO - L ®FH L feed ormal Ngnlommuoned + Y@ * - [l - P Osune

I
| |
| |
[
| = ==
o =
| = ==
.=.

=
[ |

=S ==
= -]

ADMS Dashboard

« Controlled unit measurements
PQV, setpoints, min/max available

« Control status and user interaction

«  Workflow including DRZC zone

automation processes

83 Redhouse / Resynchronisation < it

>

Close

/:/oltage resync control O

14:26:30 T

Angle aligns-with natural variation

14:26:30 14:27:00

Sync-Ch‘eck‘ ”

WAMS Dashboard

Dynamic trend charts
Controlled unit PQV, frequency
Resync boundary VF§ differences to align

Zone control activity status
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Zone Dashboard Overview

Dashboard for T T [ e [ [ [ [ —
each Zone Py — e— — p— p—— — Measurements Table
[ 0.00 | [ 0.00 [N 000 Il 000 I o | [ 0 |
ESRS Workflow |..; o7 = || S Jmee e | | 22 e e | e | A1 StAtus and Control
m Duatiad Set Power
e ==
=== — ==
m m ast Balancing Process / D-VPP | Status Control
= EE3
—— ==
== .
= =3 Dynamic VPP
B3
Bl Kl
=1 =1
En
S e
__ =1
Bl B
=
. ege .
<——Load Pickup Capability in zone
[ wa | | 0.00 [ 0.00 | [ 0.00 |
e EN
= KN [ o.00 Il o0 (o0
| 2t |
| e | Zone resources by category
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Example Fast Balancing Trial Response (BESS anchor)

@ 88 Redhouse / Redhouse P&Q analogues ¢ thi+

DRZC trigger fast balancing
t=0.08s plus wait time 100ms,
total 180ms latency

Redhouse Active Power

0.00 MW

Load bank contactors response i
800ms, overall total <1s latency -500.00 kW
Calls for 0.9MW (max available)

oo
oo

. 750.00kW
€3 3 2
- oW 1.00 MW -
» © 2
A 2 e BESS 4% droop 125MW R
e keeps F>49.5Hz
1.50 MW
MW
1.75 MW
50 MW
2.00 MW
13:40:07.000 13:40:07.500 13:40:08.000 13:40:08.500 13:40:09.000 13:40:09.500 13:40:10,000 13:40:10.500 13:40:11.000
w= BESSP == AGKOP == - LB Setpoint P == P Loadbank
Frequency

D-GEN Trip 1.5MW (t=0)
50.0 Hz Frequency drops -0.5Hz j
49.9 Hz
498 Hz 49.82Hz
49.6 Hz

49.5 Hz

13:40:07.000 13:40:07.500 13:40:08.000 13:40:08.500 13:40:09.000

C
c
S
(<
o
O
w

10.000 13:40:10.500 13:40:11.000
wm= 105 _BESS_Greenspan Frequency
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Contrast Hydro Anchor Droop Response (1-unit)

General [ Galloway Blackstart og

0.25Hz/s 0.5MW Load Pickup Response
1 DER hydro unit

Frequency

© 2023 GE Vernova and/or its affiliates. All rights reserved.




Example Slow Balancing Trial Response

88 Redhouse / Redhouse P&Q analogues <¢

Redhouse Active Power

Slow Balancing control shifts load
bank to non-zero setpoint for margin 2023.06-27 13:40:24.560

w= {name="P Loadbank”)} -531kW

Load bank follows in 1s

1,75 MW

2.00 MW
13:40:22.800 13:40:23 ] $.200 13:40:23.400 13:40:23.60 13 23.% 13:40 ) 13:40:24.600 13:40:24.800

= LB Selpoint P == (name«"P Loadbank”)

Frequency

Frequency reduced t049.70Hz
Compromise of margin + frequency
precision

13:40:22.200 LK 22 40 13:40:23.00( 13:40:23,.200 13:40:23.400
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»

Resynchronisation Control and Relay Closure

88 Redhouse [Resynchronisation =2

Voltage 33kV

Sync-Check
Close

Voltage resync control
|.._

= ,-_H-hﬁﬁjﬁw"w w‘“‘q’"ﬁ“ﬁ“*M f(

11:18:50 19:00 1810 218: 9-30 40 11:19:50 11:20:00 11:20:10 12020
== CHB16_SPEM_Redhouse V1 Magnitude A

Frequency

l‘u u-. ST - huq:-- M..qhmm—pf-w .-.-..Ip. Hm... i

Freq**‘ré"ync control

4960 Hz

11:18:50 3200 -18:10 9-30 -19:40 11:19:50 11:20:00
== CB16_SPEMN_Redhouss Gri

Angle Difference

Angle aligns with natural variation

© 2023 GE Vernova and/or its affiliates. All rights reserved.

GE VERNOVA

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 N60
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

23



Resynchronisation Control and Relay Closure

> © -. As previous,
a Voltage 33kv Sync-Check with BESS P &

@ 88 Redhouse / Resynchronisation =3 thi+

@ 2023-06-28 14:22:05 to 2023-06-28 14:29:19 a

)
»

)
@

Cleas Q control in
o= O trol
. . ) #_‘-.1-_ byt AN vy -\-*/:\-\ (J'VL_:_;WW;_.M _;M'm;‘;‘,\.;\An\_ﬁ-K;,M,m\,\;w;_\_w;,m\;.,r\«—\;««-ﬁ;w\ﬁ‘_.uw\\,, T A i ot it i A
e e i e T N N OO AP R L N T s St . . " . [
gg s - e place of load

@ 33.20 kv | VOItage resync control DO bank P & Q
& ,

33.10kV |

14:22:30 14:23:00 14:23:30 14:24:00 14:24:30 Add annotation 14:26:00 14:26:30 14:27:00 14:27:30 14:28:00 14:28:30 14:29:00
= CB16_SPEN_Redhouse V1 Magnitude == Grid1_SPEN_Redhouse_V1 Magnitude

Frequency

50.60 Hz

50.40 Hz

50.20 Hz
Freq resync control

50.00 Hz

49.80 Hz
14:22:30 14:23:00 14:23:30 14:24:00 14:24:30 14:25:00 14:25:30 14:26:00 14:26:30 14:27:00 14:27:30 14:28:00 14:28:30 14:29:00
== CB16_SPEN_Redhouse Frequency == Grid1_SPEN_Redhouse Frequency

Angle aligns-with natural variation

60° ‘__-\\

20°

{E} 20° T .\

14:22:30 14:23:00
ouse_W1 Angle

14:23:30 14:24:00 14:24:30 14:25:00 14:25:30 14:26:00 14:26:30 14:27:00 14:27:30 14:28:00 14:28:30 14:29:00
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Dynamic Virtual Power Plant

€ 58 Redhouse /Redhouse P&Q analogues = W+ B @ @ 2023-06-28 15:09:17 to 2023-06-28 15:14:01 Q QO =
p]
Q Redhouse Active Power
~ 2.50 MW
oo 2 MW - e e
oo S .~
® § somw —— gl
=]
o I e )
@ 1 {
= T —L Sl iiiicf/Biiiiii’ i R,
2 g 1MW o bt it s
D-GEN manually stepped up 11 D-GEN manually stepped down
500 kW
ow
15:09:30 1500:45 151000  1510:15  1510:30 151045 1571100 151115 1511:30 151145  1512:00 151215 151230 151245 151300 151315 151330 151345 15141
== BESSP == AGKOP == GRID1P == -
Frequency
50.02 Hz
50.00 Hz
49.98 Hz
49.96 Hz
49.94 Hz
49.92 Hz
15:09:30 150045  1510:00  1510:15  1510:30 1510:45 151100 1511:15  1511:30 151145 151200 151275 151230 151245 151300 157315 151330 151345  1574€

== (B16_SPEM_Redhouse Frequency == 2|5_AGO_Greenspan Frequency == 1L5_BESS_Greenspan Freguency
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ELECTRICITY SYSTEM RESTORATION SERVICE

SUMMARY OF EXPERIENCE

© 2024 GE Vernova and/or its affiliates. All rights reserved.
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Experience from Live Trials (1)

Galloway Live Trials — Hydro-anchor Zone Blackstart & Island Run

« Frequency control is possible with one 12MW hydro unit with <1TMW
load pickup. Load pickup increased by fast balancing and multiple
hydro units (more inertia).

« Energisation of 132kV transformers and lines from hydro unit is well
controlled using Point on Wave switching

« Modbus issues for co-ordination with loadbank affected island stability

Aggreko Mini-Grid Tests (2x Genset 2x Load Bank + WAMS/DRZC)

« Modbus fast balancing control issue resolved and tuned

« Fast balancing process proven, allowing load disturbance up to 67% of “
rated capacity of the frequency regulating generator - Al

Co-ordinated wide area control service is a viable replacement for conventional blackstart

© 2024 GE Vernova and/or its affiliates. All rights reserved. 27




Redhouse Grid-forming BESS Anchor

) The project's two previous live trials
had proven the concept of using
biomass and hydro to start-up and
control a power island or ‘distribution
restoration zone’ (DRZ).

) The goal of this trial was to use a non-
synchronous converter-connected
battery energy storage system (BESS
to restart the DRZ.

- |

=
=

SPD Network

Customer Site
]
T
o
?
g
o
=

VA
10.6 Km OHL |

Grid Forming
Battery
11.6 MVA

10MVA

90MVA

¥ ¥
(el

—— T

Redhouse Grid

P Y ——  p————_
)Q‘} [ Redhouse pﬁmawf.;hapd Primary ' Middle Balbeggie | 33KV

...... I FAMVA Solar 3SIMVA

@ sPENERGY
NETWORKS

132kv

- |
' | | };N I
N |
L —— ! 33kV
Load Bank DC
S5MVA

Source: NGESO & SPEN presentation ESO Operational Transparency Forum, 26 July 2023
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aggreko

GE VERNOVA

DRZ Control for
Redhouse using
Synergy project
infrastructure for
control, monitoring &
comms (WAMS, ADMS,
field intelligence).

28


https://www.nationalgrideso.com/document/284706/download

Experience from Live Trials (2)

Live Trials of BESS-anchor Zone Blackstart, g
Island Run, Resynchronisation

. . y \Voltage resync control
« Grid-forming BESS startup & transformer

i VST
S S “l-« 3 N “-J . PR
energization (33/11kV & 132/33kV), demonstrated i f il Bl W ;Tf' |

value of Point-on-Wave switching. Block load
pickup observed in WAMS.

S— Sync-
Check

- Balancing control of island by DRZC demonstrated | A
as power balance drift and disturbances Freq resync Control
introduced in island.

« Resync control aligned frequency and voltage
across resync boundary so remote network
synchrocheck closure can be applied.

« Dynamic Virtual Power Plant (D-VPP) controlled
zone boundary power setpoint while internal
loading varies. Setpoint changes proven

Collaboration: SPEN Synergy & NGESO/SPEN Distributed ReStart

Grid-forming BESS is viable anchor; DRZC is important to expand & automate island

© 2024 GE Vernova and/or its affiliates. All rights reserved. 29




Conclusion and Next Steps

Technically proven for progressing to BaU implementation

E.Q. Scaling up to larger zones
Resilient implementation

Manage stored energy in zones

Operator training and procedure development

Use of infrastructure for other aggregated services

E.Q. Dynamic containment (fast frequency control)
Slow reserve balancing
Constraint management (T&D)

Locational fast balancing

© 2024 GE Vernova and/or its affiliates. All rights reserved. 30
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