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Presentation contents

1. UK case study —Zenobe 200MW Blackhillock GFM BESS: Operational inertia data from one of
the world’s first and largest GFM BESS installations

2. Policy/Regulatory recommendations: How to enable the opportunity for GFM resources and
overcome the incentive and coordination challenge




=

Case Study - Zenobe 200MW Blackhillock GFM BESS
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Battery system
(Wartsilla)

T Technical capabilities

| Connection 275kV at BLHK275 substation
| Active power 200MW export / 210MW import*
L Stored energy 400MWh (200MW x 2hr)*

Inertia 380MW.s (24/7 contracted with
NESO), ~5GVA.s (max, at OMW
steady state)

Short-Circuit 120MVA (contracted), 300MVA

Inverter system
(SMA)

Grid-forming inverter

w

J v’ Mimics traditional generators
to provide real inertia

v Adjustable inertia for
dynamic grid stabilisation

dw
Pelec = Pmech *+ ("‘JE X wp)

Level (SCL) (capability)

*based on phase 1 development, to be expanded in 2026

Inertia for stability & flexibility

Inertia AP neiaap v~ Provides grid resilience

v Dynamically adjustable for
different grid conditions

oMW : v Fast response to stabilise

frequency

Short-term operational range



Case Study - Zenobe 200MW Blackhillock GFM BESS

Event timeline: 14th March 2025 event — System Frequency timeline
* 08:51:37 —DRAX unit 1 (655MW Biomass) tripped .
*  08:51:42 — DRAX units 2&3 (1.2GW Biomass) tripped S04 et et
* 08:52:00 — 3x pump storage units (370MW) instructed on \ [08:51:37]
. DCL, DML and DRL started | B System Frequency
* 08:52:09 — System frequency nadir of 49.67Hz gp | LAYiiection logst40] | |
*  08:53:00 — 900MW of small plant & BESS instructed on ' \ZH Two more gensrating

z

* 08:53:06 — 600MW of Fast Reserve dispatched 499 o [oGeri
* 08:53:32 — System frequency returned to operational limit ' DML and Ot feponce |
(49.8Hz) within 3 mins and 50.0Hz in 12 mins . o Dg'ﬁf‘i&__ o o

498 [08:53:08] ;_:
l / \ Frequency
Blackhillock inertia response: ' P 4 e reriorey Enlts
497 I-.,—..‘// [08:53:32)
* Pre-event, Blackhillock was exporting 196 MW, and in Voltage /
Control mode (4% droop) with a target voltage of 1.02 p.u. 196 insructed ot 37OMW T
. . . . ' [08:5200] Frequency nadir Small BMUs and
* Blackhillock provided the contracted inertia response of as867He (065209 00N, [055500]
380MWs, contributing to the system inertia 495
_ 8:51 8:52 8:53 8:54 855 8:56
Conclusions:

* Despite a large infeed loss (~¥1.8GW, or 5% of 36GW load), there was no embedded generation/customer impacts

* Instantaneous/automatic (Blackhillock) arrested the RoCoF to improve the system stability. Together with ancillary frequency response,
System Frequency was returned to within operation limits in minutes

Source: NESO Operational Transparency Forum



Case Study - Zenobe 200MW Blackhillock GFM BESS

Contracted inertia response provided during event with minimal change to Blackhillock's
Active Power MW and MWh energy

System Frequency (blue) and Blackhillock Active Power (orange)

200000 50.2

Instantaneous increase in

139000 M Blackhillock’s power output
/ of ~2MW, providing inertia 50.1
198000 response Blackhillock providing power
oscillation damping, post-event
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Power Output (kW) === Frequency (Hz)

Sources: NESO, Zenobe
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System Frequency and RoCoF during event
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System Frequency Calculated RoCoF

Blackhillock's contracted inertia = 380MWs
At 1Hz/s RoCoF, equates to change in output (AP) of 15.2MW
During this event, the max RoCoF was ~0.15Hz/s

Validating the AP of ~2MW, shown on previous slide

Case Study - Zenobe 200MW Blackhillock GFM BESS

Blackhillock expected vs actual inertia response
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Measured Power Output (kW) —— (Final) Calculated_Delta_p_filtered_dalay + P_base/kW

* Expected (grey) and actual (blue) power response are closely
aligned, showing the battery performing as contracted

* Expected inertia response (grey) is calculated at a 100Hz
sampling rate, causing minor measurement inaccuracy

Sources: NESO, Zenobe



Case Study - Zenobe 200MW Blackhillock GFM BESS

Unknown Frequency disturbance Loss of Sizewell nuclear (~0.9GW) Viking Link HVDC trip (~1.4GW)
14t March 2025 (20:55) 11% June 2025 271 April 2025
Delta P =17.26 MW lh Max. delta P = 4.28 MW Max. delta P = .18 MW
§ Est, RoCoF = -1.14 Hz/s § ] Est, RoCoF = -0.28 Hz/s §4' Est. RoCoF = -0|34 Hg/s
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20:58:00 20:58:01 20:58:02 10:24:34 10:24:35 10:24:36 10:24:37 10:24:38 10:24:39 02:05:17 02:05:18 02:05:19 02:05:20 02:05:21 02:05:22

* Localised event. Possible phase angle » Correct response provided through the » Nearby loss of large load, explaining

jump caused by a local interruption plants operational range the more erratic nature of the fault

as the RoCoF was very large . .

ylarg * Blackhillock max AP = 4.3MW * Blackhillock max AP = 5.2MW
* Blackhillock max AP = 17MW . . . .
* Blackhillock provided Instantaneous * Blackhillock provided Instantaneous

* Blackhillock provided instantaneous, Inertia power over the event duration Inertia power over the event duration

phase angle jump power response

Sources: NESO, Zenobe



Learnings and recommendations

» Utilities across the US continue to propose expensive, single-use synchronous condensers for Stability needs
* UK learnings show these Stability needs can be solved by BESS with GFM at a significantly lower cost
* Case Study = Zenobe’s Blackhillock 200MW GFM BESS is responding as expected across the full range of network stability events

* Coordination problem can be unlocked with clear incentives

Policy/Regulatory recommendations

* Grid Planners and Utilities need to model the capabilities of GFM resources

* Identify where these GFM resources (e.g. BESS projects in late-stage development) can optimize network investments / cost

*  Option 1 (UK) = ISOs oversee Power Quality, as opposed to local TOs and utilities

*  ISOs could build Stability Services into market design / procurements or interconnection process for new resources

*  Option 2 = Incentivize Utilities to contract GFM resources
*  Where GFM resources present the best / lowest cost option to solve grid needs vs traditional network investment

*  GFM resources can stack this capability alongside full market participation, without distorting the market or causing a “double-
payment” issue

*  Regulate Utilities with performance-based ratemaking vs traditional return on CAPEX model
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Disclaimer

THIS PRESENTATION HAS BEEN PREPARED FOR INFORMATIONAL PURPOSES ONLY. ALTHOUGH THE INFORMATION CONTAINED IN THIS PRESENTATION HAS BEEN OBTAINED
FROM SOURCES WHICH ZENOBE ENERGY BELIEVE TO BE RELIABLE, IT HAS NOT BEEN INDEPENDENTLY VERIFIED AND NO REPRESENTATION OR WARRANTY, EXPRESS OR
IMPLIED, IS MADE AND NO RESPONSIBILITY IS OR WILL BE ACCEPTED BY US AS TO OR IN RELATION TO THE ACCURACY, RELIABILITY OR COMPLETENESS OF ANY SUCH
INFORMATION.

THE INFORMATION AND OPINIONS CONTAINED IN THIS PRESENTATION ARE NOT INTENDED TO BE THE SOLE BASIS UPON WHICH THE IMPLEMENTATION OF THE
OPERATION CONTEMPLATED HEREIN (THE “OPERATION”) CAN BE DECIDED. IT IS THEREFORE ADVISABLE FOR THE RECIPIENT(S) TO MAKE ITS/THEIR OWN JUDGEMENT
AND ASSESSMENT OF THE INFORMATION AND THE OPERATION CONTAINED IN THIS PRESENTATION.

OPINIONS EXPRESSED HEREIN REFLECT OUR JUDGEMENT AS OF THE DATE OF THIS PRESENTATION AND MAY BE SUBJECT TO CHANGE WITHOUT NOTICE IF ZENOBE ENERGY
BECOME AWARE OF ANY INFORMATION, WHETHER SPECIFIC TO THE OPERATION OR GENERAL, WHICH MAY HAVE A MATERIAL IMPACT ON ANY SUCH OPINIONS. ZENOBE
ENERGY WILL NOT BE RESPONSIBLE FOR ANY CONSEQUENCES RESULTING FROM THE USE OF THIS PRESENTATION AS WELL AS THE RELIANCE UPON ANY OPINION OR
STATEMENT CONTAINED HEREIN OR FOR ANY OMISSION.

THIS PRESENTATION IS CONFIDENTIAL AND MAY NOT BE REPRODUCED (IN WHOLE OR IN PART) NOR SUMMARISED OR DISTRIBUTED WITHOUT OUR PRIOR WRITTEN
PERMISSION. THE RECIPIENT(S) OF THIS REPORT AGREE(S) TO KEEP ITS CONTENT STRICTLY CONFIDENTIAL AND UNDERTAKE(S) NOT TO DISCLOSE THE INFORMATION
CONTAINED HEREIN TO ANY PERSON OTHER THAN THOSE OF ITS/THEIR EMPLOYEES WHO STRICTLY NEED ACCESS TO IT FOR THE PURPOSE OF THE OPERATION



Case Study - Zenobe 200MW Blackhillock GFM BESS
Blackhillock BESS provided positive damping contribution following the RoCoF event helping to
maintain system stability

*  Following the RoCoF event (08:51:36 to 08:51:48) sub- * Examining the active power and frequency more closes shows
synchronous oscillations in system frequency were observed that the GFM-I provided the anti-phase damping and thus
from 08:52:10 to 08:53:02 acted to return the frequency to a stable state

*  Frequency was oscillated between 49.7Hz to 49.717Hz, with * The peak-to-peak value was 194.8MW to 196.8MW

the oscillation frequency of around 3Hz

Active Power vs Frequency

08:52:30.890,49.717002
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Measured Active Power and Frequency Zoom in Measured Active Power and Frequency to show the phase relationship
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Case Study - Zenobe 200MW Blackhillock GFM BESS

Frequency (Hz) RoCoF Blackhillock Power (MW)
Back-calculated from
Date Source i
Pre f_min NESO (500ms rolling Blackhillockinverter | Initial Delta |Infeed loss
measurement)
response
14-Mar-25|Possible phase angle jump 49.91 49.73 n/a -1.14 -69 17.3 n/a
11-Jun-25|Sizewell trip 50.08 49.77 -0.216 -0.28 -61 4.3 1192.75
27-Apr-25\Viking HVDC trip 49.961 49.77 -0.183 -0.34 0 5.2 986.9
Frequency disturbance Loss of generator infeed (~0.9GW) HVDC trip (~1.4GW)
14t March 2025, 20:55 11t June 2025 / Sizewell 27% April 2025 / Viking
Delta P = 17.26 MW =577 Max. delta P = 4.28 MW Max, delta P = .18 MW
g Est. RoCoF = -1.14 Hzfs g | Est. RoCoF = -0.28 Hz/s g 44 Est. RoCoF = -{|34 Hz/s
£ 60 s Z
riald @ s
g ., g 2o
_ 50.2 _ 50.2 4 _ 50.2
g 50.1 g 50.1 % 50.1
gso.o— 550.0- ———————————————————————————————————————————————————————— %50,07 ————————————————————————————————————————————————————————
‘%49.9— ;749.9- 549‘9-—\'\\.
“ 4081 \ 4931 \~\ 4981 ——e e N e
20:58:00 20:58;01 20:58:02 10:24:34 10:24:35 10:24:36 10:24:37 10:24:38% 10:24:39 02:05:17 02:05:18 02:05:19 02:05%20 02:05:21 02:05:22
Maximum designed i o . -
response supports Correct response provided Continues to support the Similar overall response Supporting stability
the network through the plants network over the duration characteristic to similar within the overall

operational range of the event loss of infeed events event
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