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GW OF RENEWABLE AND
STORAGE ASSETS UNDER
MANAGEMENT

PURPOSE-BUILT

PURPOSE-DRIVEN %

(1) Deployed or contracted as of Dec 31, 2025

(2) Contracted or assets under management as of Dec 31, 2025
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Overview
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Setting the Scene for Speed

Truth vs. Reality vs. Reliability

What is at risk?

What standard procedures are missing?
Intermediate Mitigation

Mid Term Improvements
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Setting the Stage for Speed

How will my grid evolve? 10

National Inertia in 2025 for Scenario TD

08 -

06

Inertia (GVA.s)

04 -

* Inertia without VSM
* |nertia with VSM2
Inertia with VSM5

2020 is coming and things are changing...

02

Percentage of the Year Below Value

0.0 -

e Renewables are on the rise : . | . ‘

100 200 300 400 500

Inertia (GVA S)

e Aged coal and nuclear plants are retiring

netzsicherheitbasierten
primarregelleistung

rapid
fa St reserve

* |nertia is falling

e BUT the price of BESS is also falling

* New technologies allow for new tools to mitigate
issues with frequency stability

dynamic

30s > 3s > 1s > 500ms > 250ms > 150ms
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Grids were Right — BESS Can Deliver Lightning Fast FR

Example of <150ms

30
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Truth vs. Reality vs. Reliability

* “Fast” but increased averaging/filtering delays response and effectively
expanding deadbands

* Without averaging disturbances can lead to false triggering
* Voltages, thus frequency, becomes more disturbed lower into the system

* Fast PCS ramp can cause local angle shift disturbing frequency

60
59.8
59.6

994

Frequency (Hz)

59.2 -
—raw_frequency —ma_50ms —ma_200ms —ma_500ms

59

0
LUENCE
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Truth vs. Reality vs. Reliability

Point of Measurement Matters
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Active Power Reactive Power NG § @ = ki
20 _ — [ [ Y.
— E;)”;’I More Impedance = More Decoupling
S 101 » Standard 33kV BESS Connected to existing 110/6.6kV
high voltage transformer
0 I 1
>0 >-2 >4  PSCAD Simulations for forced power “step”
Voltages Freq
Los —— Vpoi 50.0 1 * Potential for false FR Triggering when using:
— Vinv
31_01 | — 66kv| N 49.8 1 * LV “INV” Measurements
—— POC
100 ~—— 496" T « Both MV Connections Points
; ; . 33kV -
50 5.2 5.4 >0 —— 6.6kv>4  « MV-BESS should have HV voltage/frequency
Time [sec] Time [ GRID

measurements for robust FR
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What is at risk?

When fast is not fast enough

The recipe for (potential) disaster

High Penetration of Non-Synchronous Gen
Low Inertia — Below TSO’s own limit
Aggressive P(Af) Droop : 0->100% in 100mHz

“Fast” GFL rather than Inherent/Instant GFM

2PBESS 5 X%, e.g. X = 4%
PGrid

No prescriptive frequency calculation method

Response drifts to be in phase with frequency

rLUeNCc

A Siemens and AES Company

Active Power [kW]

Frequency [Hz]

50.3
50.2
50.1
" M
49.9
49.8
49.7
49.6
49.5
00:00:00.0 00:02:52.8 00:05:45.6 00:08:38.4 00:11:31.2 00:14:24.0 00:17:16.8
100000 50.2
00:08:37.981, 72773
80000 50.1
60000 50
=
40000 499 3
=y
20000 498 3
o
0 00:08:37.843, 49.944 49.7 W
-20000 496
-40000 495
00:08:37.5 00:08:37.7 00:08:37.9 00:08:38.1 00:08:38.2 00:08:38.4
Active Power 2A == Frequency 2A
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Intermediate Mitigation
Slow down to (stably) speed up

100ms 200ms-Agreed with TSOs

02_FFR for F=49.81 Hz

= 12,5 e e N NI N N N

=

Frequency [Hz]

Frequency [Hz)

17.5

15.0

10.0
75
5.0

YR SUSURNUUN § Y SSSUSUN SN S SIS S SO R—————

50.10

50.00

FRYCEIE SN B, W A——

FEYCTIR SU——. N T —

— Y MEaS.
Pemd

49,85 f-mmneenfenn

FEYCTR Sm——

49.75 fmmemmmmna-

43.70
24

50.10
50.05
50.00
49.95
43.90
49.85
43.80

49.75

49.70
2.4

[ YL U .

- Meas
awver. |

17.5
15.0

1255

100

15 &
o

25

0.0

rLUcNCc

A Siemens and AES Company

ROl MW

-
Fnd

FoyTm

WO

"Wwﬂimv

IR .M-M. o it
W;’lm =L AR

Moo daniadan
T

10

15

ITH

-
Fnd

ROl MW

i

AL
VTR

- .ue‘\'hul

wuumku.u i

P TP PYIITITTY
WY

nu.udm.d-u. Mdatians, shakiedis
Ll il e up P Lry

viaii]

i

-

S5 o= R

© Fluence Energy LLC. All rights reserved. | 9




Why was this missed?

Issues Often Arise Long After Handover

Simulation On-Site

* Simulations typically presume Infinite grid * Frequency Response Services are tested via
synthetic voltage/frequency waves/profiles on the

* Programmed f(t) profile doesn’t allow for any P&f control meter = P&f are de-coupled

coupling of controls
e Multi-day FR stability tests may miss niche hours of

* 3" party consultants/customers apply generic meter low inertia and/or luck out without any significant
models with unknown averaging/filtering events during testing
* Limited Range of Required POD Studies » BESS/Grid Ratio is increasing

e Grid Inertia is decreasing

FLUENCE
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Mid-Term Improvements
(Besides Grid-Forming...)

e o = 110.81 kV
e 4;;;;"1 )
Balancing Speed and Sensitivity —_— saosiow | 2004 2k0me
 Dictate averaging/filtering methodology and 1000 o . i
. . 284.0 kVAr :
maximum sampling rates for FR o A % [POIMeter] > ( ==
112.20 kV 4499.6 kW

50.000 Hz -2600.7 kVAr

e Allow for VTs on HV even if BESS is on MV

e Re-asses and adapt P(Af) Droop

967.4 kW 967.3 kW

L P
453.4kVAr 453.6 kVAr
s

Auxiliary
Meter

* Include Aggregate Grid Inertia in Studies

* Apply Actual Meter Models vs. Generic s,
200.2 kW D sasery 5 Csater 4
* Project Specific HiL Testing with PPC and POI Meter = \ \'_u
in the Loop to capture delays 78.6% 78.6.% 786! 3 o
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Q&A

Thank you for your attention!

Any Questions?

LUENCE
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