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Alpig - who we are

— Leading Swiss power producer and energy servrce provrder =

production, trading, sales

- Flexible power plant portfolio to be able to mteg rate
renewable energy for aisecure electrical power supply

— Over 100 years of producmg env1ronmentally sustalnable
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Alpig at a glance

Key
figures

Leading in asset, portfolio, and risk management

&

E‘!j = 30MW / 255MW Managed/Owned pipeline BESS
capacity (2025)

% = CHF 8.4bn Net revenue

/I
ool = CHF 1,184m EBITDA (before exceptional items)
0=>
= Alpiqg increased funding via a CHF 3.6bn RCF
g%% facility whilst adding 10 new banks to its banking

pool

W = 1,350 Employees
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Shareholder Alpiqg’s power generation per
overview country
33,3% 33,3% 5
]
(]
ALPIQ Progusten: |

Capacity: e

33,3%

Production:
2,706 GWh

CapaCity: ‘\.
. 468 MW
HOLDING

B «BGsa

Consortium of Swiss

Minority Shareholders /’

Production:
514 GWh
Capacity:
414 MW

1) Alpig has 30% ownership of a windfarm in Sweden

Production:

447 GWh
./ Capacity:
N 403 MW
[ni]
Production:
10,632 GWh
Capacity: Production:
3,724 MW 2,475 GWh
Capacity:
715 MW
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Alpiq is strateqgically positioned in a volatile environment to
provide flexible energy solutions to meet increasing demand

5723 MW installed capacity in 2023 16’840 GWh produced electricity in 2023
80 % of which flexible in Switzerland and the EU

™
@ B

[\ s g
Switzerland, Europe Switzerland, Switzerland, 0,644 GWh 3,121 GWh 6,595 GWh 481 GWh
Europe Europe Europe
58% 23% 15% 5% 39% 19% 39% 3%
Hydropower Thermal Nuclear Small Hydro, Hydropower Thermal Nuclear Small Hydro,
conventional (Gas) Wind, PV conventional (Gas) Wind, PV
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Our powerplant portfolio

5,723MW installed capacity | 80% of which flexible

()
o)
@ Hydropower plants 2 o
o e > Q
(o) —_— n
o Small hydropower plants, E 2 <
as wind farms, photovoltaic S o =
ARR systems 0 T
Y 0 E
P .c_;) °© strengthen contribute
@ Nuclear power plants = the security to a better
u 2 o of supply climate
o0
0 E
Gas-fired combined cycle S @
power plants o
o)
=
= = o 22
= Growth ambition: BESS g £5
— o GR=
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Alp1q s strateqgy: Security of supply and decarbonisation
ible assets and innovative solutions

Flexibility EEPCHEtogy

(including BESS) = Driving forward the security of supply in and the
decarbonisation of the Swiss and the European
energy systems

= Alpig continues to focus on its core markets*
through its existing business

Existing Trading
business (Proprietary trading activities )

= Strengthening through diversification, with three
strategic directions for value-based growth:
targeted investments in flexible assets, and
expansion of Alpig’s Trading and Origination
businesses respectively

Origination /

|
Customer business (%)

*Switzerland, France, Italy, Spain, Germany, Finland, SWA& ALPIQ
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Context: evolving power system

Traditional power system paradigm: Modern power system paradigm:
Centralized generation - uni- Decentralized generation - bi- )
directional power flows directional power flows Transmission
) ® Generation - RESsuccess
® Generation i ® Transformer Stations

] ® Transformer Stations l @ Transmission System - Fluctuationsin the

@ Transmission System issi .
Transmission Cﬁstomer ® Eﬁg?r?g:}aﬂﬁgggtsé%mer generat1on
® Distribution System ® Residential Customer .
® Residential Customer Distributed Generation | - Fewer synchronous machines
.' Flexible Resources
&=, @ ICT Infrastructure - Lower System inertia

- Grid-connected batteries

S AT

Observability

X2

P

N>

- Wide-scale measurements

el

- ICT infrastructure

Distribution

- Distributed generation

- Smart pro-sumers

- New electrical 1oads
- Grid-connected batteries

Source: Zecchino A., Electric vehicles in the Nordic countries: Control strategies ALP I
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https://backend.orbit.dtu.dk/ws/files/179421957/PhD_Thesis_Antonio_Zecchino.pdf

Europe battery market trends

The penetration of battery storage systems is expected to continue increasing in the coming years

Europe battery storage cumulative Europe cumulative battery storage
installed capacity scenarios 2025-2029 segmentation scenarios 2025-2029
600
2025 2029
Residential Residential
=00 Utility-scale 49% 25%
400
< g 90.8 GWh Utility-scale 399 GWh
% 300
&l
+ 5% 12%
Historical data
i C&l
H Low Sceanaria 11%

B Medium Scenario

High Scanario

2024 2025 2026 2027 2028 2029

Source: SolarPower Europe (European Market Outlook for Battery Storage 2025-2029)
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Massive integration of renewables (RES) and new electrical

loads bring new challenges

Renewables (wind and solar) and new electrical loads (heat pumps, EVs) introduce new challenges for
grid operators due to their stochastic nature, both at transmission and distribution grid level

High degree of fluctuations of generation and load
bring new challenges to the power system stability.

Transmission system operators (TSOs) are in charge
of maintaining the system stable, Swissgrid in CH.

(M Generation plants

® Consumption

@ (® Balancing energy
N

Frequenz zu tief

Source: Swissgrid (Grid stability (swissgrid.ch))
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Increased challenges in predicting base and peak
RES-based generation and consumption - more
frequent and severe congestion and voltage issues.

Distribution system operators (DSOs) are responsible
to safely deliver the electricity to the customers with
high power quality standards (e.qg., voltage
magnitude, unbalance, harmonic distortion, ..).

Distribution grid
contingencies
Congestion issues Voltage issues
| | | |
Transformer Cable System Voltage Voltage .
. . . Harmonics
overloading overloading losses magnitude unbalances

ALPIQ


https://www.swissgrid.ch/en/home/operation/regulation/grid-stability.html
https://www.swissgrid.ch/en/home/operation/regulation/grid-stability.html
https://www.swissgrid.ch/en/home/operation/regulation/grid-stability.html

Frequency regulation in Switzerland

Activation of primary, secondary, and tertiary control reserve as consequence of a power system contingency

L.
containment reserve Secondary control / frequency restoration reserve Tertiary control / frequency
5 min. after outage replacement reserve
15 min. after outage
« Frequency measurement in * Measurements at the
the power plants Swiss cross-border lines + Easing of secondary control
+ Automatically activated in the generator of the « Activated by the central load frequency controller at Swissgrid - Activated by the operator
power plant + Across Switzerland + Contracts with individual providers

« Across Europe

50,085 Hz

50,000 Hz

Power plant
49,935 Hz outage Source: Swissgrid (Grid stability (swissgrid.ch))
MW MW MW MW MW
2020 065 398 376 406 271
2021 67 391 388 542 512
2022 04 391 380 545 524
2023 62 406 401 48] 507 Source.

https://www.elcom.admin.ch/dam/elcom/de/
dokumente/2025/bericht-regelleistung-

2024 62 406 399 480 508 regelenergie-

2024.pdf.download.pdf/Bericht%20Regelleis
tung%20und%20Regelenergie%202024.pdf
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https://www.swissgrid.ch/en/home/operation/regulation/grid-stability.html
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Prequalification for the participation to Frequency regulation (1/2)

FCR - Frequency Containment Reserve - Technical requirements ant prequalification tests

Leistung [NW
- Droop Leistung [MW/]
- Active power measurement Af AP o
- Frequency measurement f_ = kdmop .P_
. . n res
- Activation speed
- Activation duration
- Minimal eligible power per reserve providing pool of 1 MW a8 P _ 502 .
Frequenz [Hz]
Frequency ramp-down Frequency ramp-up N
it TRV T T
jresturg (] £ , Leisturg [MW] ~ Source: Swissgrid
E (Praqualifikationsbedingungen (PRL, SRL, TRL
t 8 L qiitig ab 1. Juni 2022))

¥

0 10 sec 30 sec 15 min T 0 10 sec 30 sec 15 min T .
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https://www.swissgrid.ch/dam/swissgrid/customers/topics/ancillary-services/prequalification/2/Anhang-01-Praequalifikationsbedingungen-de.pdf
https://www.swissgrid.ch/dam/swissgrid/customers/topics/ancillary-services/prequalification/2/Anhang-01-Praequalifikationsbedingungen-de.pdf

Prequalification for the participation to Frequency regulation (2/2)

aFRR - automatic Frequency Restoration Reserve - Technical requirements and prequalification tests

Testsignal in %

- Connection to Swissgrid’s control room for real-time signal [ I R e e Tl ovegas
acquisition L B . | | L
— Information and implementation of the required reserve capacity 2 \ A N | . g
- Active power measurement | ' | entprich C)ﬂ i g
- Power gradient = e R 1 =
l I leranzband : I
- Minimal eligible power per reserve providing pool of 5 MW o st |
Y N S S S 0\ == = | B —
® Obere Grenze | | | i | i i |
® Sollverlauf - b | | Lo
Untere Grenze | | I | I I I I
| ] 1 | 1 | 1 1 | 1 . zeﬂ{l'f'lll'l]
5 10 20 25 35 40 50 60 70 75
MFRR - manual Frequency Restoration Reserve - Technical requirements Source: Swissgrid (Praqualiikationsbedingungen (PRL. SR,

TRL, gliltig ab 1. Juni 2022))

- Acquisition and implementation of the required activation request
- Leadtime, activation time and minimal duration of an activation call
- Active power measurement

- Minimal eligible power per reserve providing pool of 5 MW
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https://www.swissgrid.ch/dam/swissgrid/customers/topics/ancillary-services/prequalification/2/Anhang-01-Praequalifikationsbedingungen-de.pdf
https://www.swissgrid.ch/dam/swissgrid/customers/topics/ancillary-services/prequalification/2/Anhang-01-Praequalifikationsbedingungen-de.pdf

Definition of LER and additional requirements for the
participation to FCR

LER have to prove their capability of providing reliable FCR via additional prequalification requirements:
15-minutes criterium, state of charge management, eligible FCR power, reserve operation mode

LER: technical entity with limited energy
storage capacity

A technical entity (TE) with a time-limited
energy storage capacity (Limited Energy
Reservoir) is a TE, which cannot provide the
prequalified performance continuously for at
least two hours in a positive or negative
direction without additional measures (such as
the use of storage management measures)
(Art. 3 Abs. 5 (SAFA, Erwartet in 2021)).

Source: Zecchino A., Gupta R.K., Paolone M., «Operation of battery storage
systems for grid control, feeder dispatching (RE Demo)», SCCER-FURIES, 2021.
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Additional requirements for LER to participate to FCR (1/4)

15-minutes criterion

LER-plants must be continuously available Alert state:
during normal state. From the moment of - Af 2t50 mHz for longer than 15 minutes; or
activation and during the endangered state, - Af 22100 mHz for longer than 5 minutes; or
the LER system must be able to fully activate - Af 2x200 mHz
the full FCR power continuously for at least 15
minutes (Art. 156 Abs. 9 (SOGL, 2017)). 100%
90% - /.——-——
80% - /
T0% -
2 60% -
SoC — E —0.25h- PPQ *E s0% | Arbeitsbereich fir das
max E E 15-Minuten-Kriterium
0.25h - P 3
SDCmm = P4 30% -
’ o \
E die nutzbare Speicherkapazitat in MWh; 1%
By, die praqualifizierte Leistung in MWV. 0%

05 1 1.5 2 25 3

Verhéltnis nutzbare Speicherkapazitdt [MWh] zu
praqualifizierter Leistung [MW]
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Additional requirements for LER to participate to FCR (2/4)

State of charge management

An active state of charge management strategy 2 preferred methods are allowed:
m.u;t ﬁe argple.mented,.to gnsure compliance — State of charge management can either be done
with the 15-minutes criterion. using scheduled transactions (power exchange or
over-the-counter transactions) with lead time of 15
minutes; or
- by adjusting the production / consumption of
In the context of the other units that belong to the same balance group
prequalification as the LER itself.

process

Proof of the State of charge management strategy

- Via simulations based on historic frequency data (at least 1 year of data). The simulations must consider the
necessary lead time before the charging/discharging as well as a «worst-case scenario» of a transition from
normal to alert state. For example:

1. Af of almost 100 mHz for 10 minutes, followed by a Af of almost 200 mHz for 5 minutes; or

2. Af of almost 50 mHz for 30 minutes before entering the alert state.

19 UTILITY-SCALE ENERGY STORAGE | 16.10.2025 ALP I Q



Additional requirements for LER to participate to FCR (3-4/4)

Eligible FCR power

The ratio between BESS rated power and prequalified power must be at least 1.25:1 (80%).

ZB.: Pogy =2MW > P,y = 1.6 MW

Reserve operation mode

All LER systems must ensure that near SoC,,,, and SoC,,,,, the remaining capacity is sufficient to maintain an
adequate response to short-term Af. > Switching from normal operation mode (response to normal
frequency deviation Af(t)) to reserve operation mode (response to frequency deviation by following the

«zero-mean» frequency).
traT—1

. 1 i}
DFsero—mean(t) = DI(t) — —— Z Df(t—1)
tpar &

20 UTILITY-SCALE ENERGY STORAGE | 16.10.2025 ALP I Q



Determination of the usable enerqgy storage capacity

Each LER unit must prove their actual usable energy storage capacity via a dedicated test

3 Frequency reduction = Charging
Start: SoC = 100% 2
Leistung [MW] o F enz [Hz]
_".'_ E F Y
Ppq “Poq —\ 2 ”
§_

AP =

Epos Richtung = AP*Erbringungszeit

Ende: SoC = 0%

49.8

-

0 10 sec 30 sec >15min T

Epos.airection [MWh] = PpqposIMW] * DeliveryTime[h] The usable energy storage capacity is calculated as:

Eneg.direction [MWh] - PPQ.neg [MW] * DeliveryTime [h] E[MWh] = mean(Epos.direction» Eneg.direction)
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Electrification of the urban transport: increasing EV trends in CH

Grid services: from seconds to several hours

Shares of alternative drive systems and energy-

efficient vehicles in new reqgistrations in Switzerland
*Last update of the data: August 2025

160000
140000
1200000
100000
80000+
60°000
40000

20000

T T T T T T T T T T T
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025*

BEV = PHEV gasoline - hybrid gasoline = PHEV diesel - hybrid diesel natural gas = hydrogen

Source: Bundesamt fiir Energie (Key figures new cars and charging infrastructure (admin.ch))
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Growth forecasts towards 2050 show a high
potential for a proactive grid integration

«In the transport sector, electricity consumption
will be more than 5 times higher in 2050 than itis
today, considering a total of around 3.6 million
battery-powered passenger cars»

This corresponds to a total of:

« ca.7 GW of controllable power capacity
(charging stations)

* ca. 144 GWh of cumulative energy storage
capacity (batteries)

Source: Bundesamt fiir Energie (Energy Perspectives 2050+ (admin.ch))

Source: Energy Science Center - Swiss Federal Institute of Technology
Zurich (Report V2G Study-3.pdf (swiss-emobility.ch))
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Aggregation of EVs

Grid services: from seconds to several hours

EV fleet N €====--_______
operator S N P S T T TTTmmm—ee >
A Real-time control & Real-time control Real-time control
comm. back 1 & comm. back 2 & comm. back n

7

Ve
Grid meas. , 7

Power system

[TSO]
[DSO]

Source: Zecchino A, Electric vehicles in the Nordic countries: Control strategies
for coordinated grid services, PhD_Thesis_Antonio_Zecchino.pdf
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To enable EV controllability and
flexibility trading:

Platforms for hardware and
software deployment

Actorsinvolvement
Market framework

ALPIQ


https://backend.orbit.dtu.dk/ws/files/179421957/PhD_Thesis_Antonio_Zecchino.pdf

Aggregation of EVs for the provision of ancillary services in CH

Swissgrid has engaged to enable a fleet of aggregated EVs to participate to the ancillary service markets

25

Between 2022 and 2023 Swissgrid has been engaged on
pilot projects with industrial partners with the goal of:

Identification of technical challenges related to the
provision of FCR, aFRR and mFRR from EVs; a pool vof
EVs has dynamic properties (e.q., aggregated fleet
power and energy capacity), which must be robustly
considered by the technical and commercial
aggregator;

Definition of specific requirements for the
prequalification to FCR, aFRR and mFRR and outline of
quidelines for market operators;

Operationalization and commercialization of
aggregated EVs as ancillary service providers.

UTILITY-SCALE ENERGY STORAGE | 16.10.2025

Publication of guidelines to for the

prequalification of EVs on 2nd October ‘23

First prequalification of an EV fleet for the
provision of aFRR & mFRR in January 2024

ALPIQ


https://www.swissgrid.ch/content/dam/swissgrid/customers/topics/ancillary-services/prequalification/2/Richtlinien-Praequalifikation-e-Autos-de.pdf
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https://www.swissgrid.ch/content/dam/swissgrid/customers/topics/ancillary-services/prequalification/2/Richtlinien-Praequalifikation-e-Autos-de.pdf
https://www.swissgrid.ch/content/dam/swissgrid/customers/topics/ancillary-services/prequalification/2/Richtlinien-Praequalifikation-e-Autos-de.pdf
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https://www.swissgrid.ch/content/dam/swissgrid/customers/topics/ancillary-services/prequalification/2/Richtlinien-Praequalifikation-e-Autos-de.pdf
https://www.swissgrid.ch/content/dam/swissgrid/customers/topics/ancillary-services/prequalification/2/Richtlinien-Praequalifikation-e-Autos-de.pdf
https://www.ckw.ch/ueber-ckw/medienstelle/medienmitteilungen/2024/swissgrid-zertifiziert-die-ckw-smart-charging-loesung#:%7E:text=Am%2024.,Rahmen%20der%20%C2%ABRegelleistung%C2%BB%20einsetzen.
https://www.ckw.ch/ueber-ckw/medienstelle/medienmitteilungen/2024/swissgrid-zertifiziert-die-ckw-smart-charging-loesung#:%7E:text=Am%2024.,Rahmen%20der%20%C2%ABRegelleistung%C2%BB%20einsetzen.
https://www.ckw.ch/ueber-ckw/medienstelle/medienmitteilungen/2024/swissgrid-zertifiziert-die-ckw-smart-charging-loesung#:%7E:text=Am%2024.,Rahmen%20der%20%C2%ABRegelleistung%C2%BB%20einsetzen.
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Li-1on battery cell technoloqgies

Li-ion cell technologies are today the more suitable for BESSs than other technologies (e.g., lead-acid)
because of their high energy density, long cycle life, safety, and ability to be charged/discharged repeatedly.
As of today, the preferred battery cell technology for utility-scale BESS is Lithium Iron Phosphate (LFP).

Utility-scale Li-ion BESS

LFP

Cell Costs

Lithium Iron Phosphate

Best fit BESS and Electric
Vehicles, excellent safety
properties, long cycle life,
chemical stability, high
\ discharge rates, acceptable cost )

~

Absence of the
critical raw
materials

Power Density

Energy Density
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Li-NMC
Nickel Manganese Cobalt
Safety
Lifetime Power Density
Cell Costs Energy Density

Best fit for Electric Vehicles, high
energy density and low weight.
Combination of nickel and
manganese eliminates
disadvantage of each material

Ei=NCA
Nickel Cobalt Aluminium
Safety
Lifetime Power Density
Cell Costs Energy Density

Best fit for mobile devices,
with fast charging times and
high energy density and low
weight

ALPIQ



Key components of a utility-scale Li-ion BESS

Overview of key elements of a BESS

P T R R BB B e 4

" Multiple converters are Multiple transformers may be |

: used to achieve the needed according to the overall

I desired system system power and the external !

. charge/discharge power grid voltage | Grid
L

| DC/AC converter Step-up transformer |

|
|
|
| I
| BEt‘tEr‘f racks Auxiliaries --—% |
| !

S BN N B G N N S I N S S I I I G I N B A N DI I G G BN G I G N DI G A S N G N S e . S s

Adapted from: Namor E., Advanced models and algorithms to provide multiple grid services with
28 UTILITY-SCALE ENERGY STORAGE | 16.10.2025 battery storage systems, PhD_Thesis Emil Namor EPFL.pdf


https://infoscience.epfl.ch/entities/publication/8219e6d6-6ae3-4b61-866c-827b4fe9c483

Key components of a utility-scale Li-ion BESS

-r—--

Overview of key elements of a BESS

! DC/AC converter Step-up transformer ] Grid
I
e == ;
== ‘= . — %
i
I

Auxiliaries

Example: SR ——— ’
1p52s (52 cells)
BMS = Battery Management System 47.424 kK\Wh Example:
166.4 V CATL EnerOne+
8 modules (416 cells)
Module BMS 0.3794 MWh
1331.2 VV

Example:
LFP Li-ion Inside each cabinet:
285 Ah - 8x modules
3.2V - Liguid cooling sys.
- Fire suppr. sys.
- Rack BMS
€
S
=~ 1 X96 = 36 MWh
& ' / 1 Beskar Valkeakoski (FIN)
. I BESS
o9 Li—/i?:un cell Battery module Battery rack ALPlQ
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2.344 m

Deep dive into one BESS rack cabinet

One single rack can be enclosed within a unitary system (cabinet), suitable for outdoor installations

Example:
CATL
EnerOne+

8 modules
0.3794 MWh
1331.2 V

Rack BMS

30 UTILITY-SCALE ENERGY STORAGE | 16.10.2025

Cooling unit*1

Control box*1

e

Each cabinet includes:

8 battery modules

Liquid cooling system

Fire suppression system (FSS)
Control box (Rack BMS)

ALPIQ



2.896m

Deep dive into one BESS container (DC block)

A number of racks can be enclosed in a single 20 ft. container

Example:
CATL

EnerC

10 racks

10x8 modules
3.794 M\Wh
1331.2 Mdc

10 Rack BMS

Note: Newest containerized products claim energy storage up to 6 MWh,
thanks to layout optimization and more performing cells (e.g., CATL EnerS)
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Each container includes:

- 10 battery racks

Liquid cooling system

Fire suppression system (FSS)
Control boxes (incl. 10 Rack BMS)

ALPIQ



2.785m

Deep dive into one BESS container (AC block)

Inside the container, in addition to battery modules, the power conversion units are installed too

32
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Example:
TESLA
Megapack 2 XL
3*8 racks
3*3*8 modules
3.916 MWh
480 Vac

2400 kVA (2h)
1320 kVA (4h)

10 Rack BMS

Each container includes:

- 3*8 battery racks

- 3*8 power conversion units

- Liquid cooling system

- Fire suppression system (FSS)

- Control boxes (incl. 3*8 Rack BMS)

ALPIQ
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RtB

Ready-to-Build

Identification of business model
based on market conditions,
regulatory frameworks,
CAPEX/OPEX, revenues, COD,..

Identification of suitable land: flat,
given size, not subject to high

geotechnical or hydrological risks,
not too far from grid access point,

Land securing

Urbanism applications, building
permit, appeals clearing

Grid connection request

UTILITY-SCALE ENERGY STORAGE | 16.10.2025

Detailed structuring of project
management organization

Appointment of health and safety
coordinator

Detailed electrical and mechanical
engineering design

Preparation and launch of tender
process for the procurement of
the overall system with all detailed
technical specifications

Selection of contractors and
contract negotiations, based on
technical and commercial
conditions, quality standards,
tracked records, ...

Key steps to develop a utility-scale BESS project

COD

Commercial Operation Date

Civil works
FAT of major equipment

Major equipment shipment and
installation

Site energization
SAT and commissioning tests

IT/OT integration, flexibility pool
integration and market

integration

Commercial operation

ALPIQ



Key players needed for BESS equipment procurement

Energy management system

onverter Step-up transformer Grid
R %

Providers of BESS equipment can provide one of the following components, or a cluster of them:

a) Procurement of BESS equipment up to medium voltage AC:

i. DC solution (Battery racks) |

ii. DCJ/AC conversion }

ili. System integration

iv. Medium voltage equipment (trafo + switchgears and protection) _
b) High voltage equipment (trafo + switchgears and protections)
c) Balance of System (auxiliaries, lighting, fire suppression systems, ...)

d) Monitoring and Communication Systems (Sensors, meters and comm. infrastructure)
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BESS CAPEX trends

The cost of battery cells is expected to continue dropping in the coming years

800 Expected trend of total CAPEX for a BESS
sop - The cost of battery systems represent
700 : 50+% of the total CAPEX
600 ‘\‘-35% 200
\ - The CAPEX components that vary
500 country-by-country are the costs for £
E grid connection and for development. 5 20
E. 400 >
200 18% 160 4 %6 150 +7% 161 145 139 ’ 2020 2030 2040 2050
||IIIII
0
2014 2015 20168 2017 2018 2019 2020 2021 2022 2023 — Lhour 4 hour
w2 hour 8 hour
B cCell price Pack price
Source: SolarPower Europe (European Market .
Qutlook for Battery Storaqe 2024:2026) Expected drop of total CAPEX in 10 years: ca. 20%
Could this cost drop happen faster?
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https://cdn.rinnovabili.it/wp-content/uploads/2024/06/1424_SPE_BESS_report_10_mr_d069de2e2e.pdf
https://cdn.rinnovabili.it/wp-content/uploads/2024/06/1424_SPE_BESS_report_10_mr_d069de2e2e.pdf
https://cdn.rinnovabili.it/wp-content/uploads/2024/06/1424_SPE_BESS_report_10_mr_d069de2e2e.pdf
https://cdn.rinnovabili.it/wp-content/uploads/2024/06/1424_SPE_BESS_report_10_mr_d069de2e2e.pdf
https://cdn.rinnovabili.it/wp-content/uploads/2024/06/1424_SPE_BESS_report_10_mr_d069de2e2e.pdf
https://cdn.rinnovabili.it/wp-content/uploads/2024/06/1424_SPE_BESS_report_10_mr_d069de2e2e.pdf
https://cdn.rinnovabili.it/wp-content/uploads/2024/06/1424_SPE_BESS_report_10_mr_d069de2e2e.pdf
https://cdn.rinnovabili.it/wp-content/uploads/2024/06/1424_SPE_BESS_report_10_mr_d069de2e2e.pdf
https://cdn.rinnovabili.it/wp-content/uploads/2024/06/1424_SPE_BESS_report_10_mr_d069de2e2e.pdf

Overestimation of forecasted Li-ion battery cells costs?

Realized actual cell costs ($/kWh) have always been lower than what was forecasted in the previous years

1,300 1 e Actual (BNEF) — — Coleetal.
1,200 - — ® — Forecast (BNEF) — — Sakti et al.
~ - — Bakeretal. = = Schmidt et al.
1,100 - ~ ~ — — (Gerssen-Gondelach and Faaij — — Berckmans et al.
1.000 - Rl Catenacci et al. — — Fewetal.
~ —~ Matteson and Williams (a) — = Edelenbosch et al.
900 - ~ - == == Nykuvist and Nilsson
800 A ~ — — Matteson and Williams (b)
C
= 700 -
=<
9 600 -
500 A
400 A
300 A
200 A
100 -
0 .

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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The system needs also Medium/Long Duration Flexibility

Different duration storage is needed for the energy transition: from several hours to several months

Multi-Scale Energy Storage Needs for a Hypothetical 95% Carbon-Free Power System

1.0 Net load

y L s : ’ y . . , ’
1 1,460 2920 4,380 5,840 7.300 8,760
Hour of the year
1.04
il 5 N Flexibilit
L — r 3 exibility
L e e timescale
=054 : VRE surplus —/r I
5 | — ;
a -1.0 . . = 5
e 1 2 4 6 8 10 12 14 16 18 20 22 24
8 c Hour of the day Challenges
] 1.04 = -
=
0.54 o
d Day of the week System
= o - relevance
0.5+ J— =
R iy iy Ry Sy s -_?.r‘f .........................
-0.54 VHESU[DM LeAs
-1.0 T T A T T
Jan. Feb. Mar. Apr. May. Jun. Jul. !ﬂ.ug. Sep. Oct. Mow. Dec.

Month of the year

Source: NREL (Researchers Take a Practical Look Beyond Short-Term Energy Storage | News | NREL)
*\/RE: variable renewable energy
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Utility-scale Li-ion BESS

* balancing ancillary serv.

* wholesale arbitrage

Very short

term (sub-
seconds to
minutes)

Ensuring
system
stability

by keeping
voltage and
frequency in
required range

Dynamic
system
stability

and frequency

Qontrol

Short term
(minutes to
hours)

Meeting
frequent, rapid,
and
nonpredictable
changesin
electricity
supply and/or
demand

Real-time
balancing

What is beyond Li-ion batteries?

Medium term
(hours to days)

Determining
operation
schedule of
generation
capacity to

balance electricity

supply and/or
demand

Hour-ahead and
day-ahead
planning

\.

Long term
(days to
months)

Addressing
longer
periods of
surplus or
deficitin
electricity
generation

Generation
adequacy
guarantee

Verylong terms
(months to years)

Balancing seasonal

and
interannual
availability of
generation
resources with

electricity demand

Power system
planning
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https://www.nrel.gov/news/program/2021/researchers-take-practical-look-beyond-short-term-energy-storage.html
https://www.nrel.gov/news/program/2021/researchers-take-practical-look-beyond-short-term-energy-storage.html
https://www.nrel.gov/news/program/2021/researchers-take-practical-look-beyond-short-term-energy-storage.html

Storage Technologies - 5 categories of energy storage

Short duration: < 4(8) h
Mechanical (SDES)

« Gravitation (hydropower) Medium duration: 4(8) h < x < 1 week

» Compression (MDES)
* Motion .
Long duration: > 1 week
(LDES)
Thermal Chemical
! 1
Sensible heat ¢ Hydroge‘n
Latent heat * Ammonia
Thermochemical heat * Hydrocarbons
* Alcohols
Electrochemical Electrical
v
* Sealed batteries * Capacitance
* Flow batteries * Inductance
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Expected trend of the costs of new storage technologies

Energy storage cost reduction as a direct consequence of
the maturity level (i.e., on cumulative installed capacity)

41

20,000
10,000 4 e
5,000
- m ] =
- TR
g 2,000 EO
' Price range
§ 2’4008 = 8x too at1 Twhg-
] s '
a expensive for -100-500
3 1.000+¢ mass deployment USD/kWh
E_ FUT"-"@ A
i 500 i
3 B, Ui
E: Lr”t?‘.}
E | mmmmm——— =
200 .-i'-r :
"-.,I-l"; 'u'-'.-"-._.:d'
i i
L] .".'-.'_.
100 + R
Emerging Growing Mature
<1GWh, > 1,000 $/kWh 1-100 GWh >300 $/kWh > 100 GWh, < 300 $/kWh
50 f f t t t t t t
0.001 0.01 0.1 1 10 100 1,000 10,000
Cumulative installed nominal capacity (GWh__)
Scope: Technology:
» System » Pumped hydro (Uility, 295 USD/&WhH) » Lead-acid (Multiple, 181 USDikWh)
w Pack « Lead-acid (Residential, 252 USD/kWh) Lithiumeion (Electronics, 142 USDAKWh)
aCel w Lithium-ion (EV packs, 113 USD/KWH) # Lithium-ion (Residential, 565 USDkWH)

» Lithiumelon (Utility, 93 USDVKkWh)
Vanadium flow (Utility, 200 USDAKWhR)
u Fuel cells (Residential, 276 USD/AWhH)

= Mickel-metal hydride (HEV, 205 USDykwh)
= Electrolysis (Utlity, 98 USD/kWh)
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200

100

Product price (USD/KWh)

20 r

Technology experience rate

Historic data
Reference year
Experience rate

~7-8 years to
achieve mass
deployment
cost levels

Experience rate uncertainty

The cost descending trend for a given storage
technology is confirmed over time

1

10 100 1000
Cumulative capacity (GWh)

10000

This is real data based on historical prices and
capacity deployment.

Source: Monetizing Energy Storage - A Toolkit to Assess Future Cost and Value, Oliver
Schmidt and lain Staffell, Oxford University Press, September 2023, DOI:
10.1093/0s0/9780192888174.001.0001

100000
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3 examples of prominent Medium Duration En. Storage (MDES)

Flow battery (even beyond vanadium,
e.g., organic-based [CMBIu])

Electricity supply i 1,— Load
—> Discharge
—> Charge A Vanadium redox
== flow battery
.
Reservoir # i Reservoir
VS\/VM ti VZrNJh
VS\

Catholyte

—®;

(Anolyte

34
2+,

Electrolytic Membrane

Electrolytic
pump separator pump

During the charging cycle, vanadium ions
accept electrons at the anode (V3+ to V2+)
and deposit electrons at the cathode (V4+ to
V5+). These reactions are reversed during the
discharging cycle.

RTE = ~68%; cost = 800-1"300 $/kWh
duration=8-50h

RTE = Round Trip Efficiency

Source: J. Mitali, S. Dhinakaran, A.A. Mohamad, Energy storage systems: a review, Energy
Storage and Saving, Volume 1, Issue 3, 2022, Pages 166-216, ISSN 2772-6835,
https://doi.org/10.1016/j.enss.2022.07.002.

42 UTILITY-SCALE ENERGY STORAGE | 16.10.2025

Latent heat battery

(e.g., graphite-based [E2S Power])

Electricity is used to heat a transfer fluid or an
electrical heater. This transfersthe heatto a
storage material, for example a mixture of
concrete and steel, or graphite. When
electricity is needed, the transfer fluid takes
up the heat stored in the material and drives
a turbine. Possible integration with industrial
processes.

RTE = ~44%; cost = ’000-1"300 $/kWh
duration=25-100 h

Metal-air battery
([Form Energy])

DISCHARGE

Metal-air batteries are based on the
electrochemical process of corrosion, also
called ‘rusting’ for iron. In iron-air batteries,
the battery uses oxygen from the air to
convertiron metal to rust, which releases
electricity (discharging). The application of
an electrical current converts the rust back to
iron and the battery releases oxygen
(charging).

RTE = ~55%; cost = 1’700-2’400 S/kWh

duration=50-168 h
ALPIQ



Recent news on MDES

NEWS

Developer in Ireland submits
application for Europe's first multi-day
iron-air battery project

By Kit Million Ross
October 1, 2024

@ Europe la Grid Scale 1l Technology. Business

...intention of developing
the first large-scale project
in Europe based on iron-air
technology from Form
Energy (10MW/1GWh >
100 hours!)

Render of the proposed project site. Image: FuturEnergy Ireland

Developer FuturEnergy Ireland has announced its intentions to build Europe’s first iron-air battery energy

storage system (BESS). . .
Developerin Ireland submits

application for Europe's first
multi-day iron-air battery project -
Energy-Storage.News

The company, a joint venture between two state-owned groups, forestry business Coillte and electricity

generation, transmission and distribution business ESB, has submitted a planning application for the

proposed Ballynahone Energy Storage project to Donegal County Council. If approved, the project will b¢

located next to Trillick Siihetation near the town of Riincrana in Coinnty Doneanal
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Metal-air battery
([Form Energy])

DISCHARGE

Metal-air batteries are based on the
electrochemical process of corrosion, also
called ‘rusting’ for iron. In iron-air batteries,
the battery uses oxygen from the air to
convertiron metal to rust, which releases
electricity (discharging). The application of
an electrical current converts the rust back to
iron and the battery releases oxygen
(charging).

RTE = ~55%; cost = ’700-2°400 $/kWh

duration=50-168 h
ALPIQ


https://www.energy-storage.news/developer-in-ireland-submits-application-for-europes-first-multi-day-iron-air-battery-project/
https://www.energy-storage.news/developer-in-ireland-submits-application-for-europes-first-multi-day-iron-air-battery-project/
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https://www.energy-storage.news/developer-in-ireland-submits-application-for-europes-first-multi-day-iron-air-battery-project/
https://www.energy-storage.news/developer-in-ireland-submits-application-for-europes-first-multi-day-iron-air-battery-project/
https://www.energy-storage.news/developer-in-ireland-submits-application-for-europes-first-multi-day-iron-air-battery-project/
https://www.energy-storage.news/developer-in-ireland-submits-application-for-europes-first-multi-day-iron-air-battery-project/
https://www.energy-storage.news/developer-in-ireland-submits-application-for-europes-first-multi-day-iron-air-battery-project/
https://www.energy-storage.news/developer-in-ireland-submits-application-for-europes-first-multi-day-iron-air-battery-project/
https://www.energy-storage.news/developer-in-ireland-submits-application-for-europes-first-multi-day-iron-air-battery-project/

Recent news on UK LDES eligibility assessment (Ofgem)

44

As per Ofgem, LDES must have duration > 8h

Storage assets eligible to the UK Ofgem’s
subsidy regime must be able to retain capacity
(MW) and the duration (MWh) for the entire
Cap&Floor subsidy period of 25 years - the Li-
ion assets need to be oversized at the
beginning of life or repowered at least once.

171 Projects applied; 77 met the eligibility
criteria for a combined discharge capacity of
28.7 GW.

- Track1: 71 proj for, tot. of 24.5 GW, by 2030
- Track 2: 6 proj for, tot. of 4.2 GW, by 2033

LDES Eligibility Assessment Qutcome
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S 30
25
20
15
10
5 =
0 B
Li-ion BESS Pumped Vanadium Vanadium  LAES & BESS Compressed
Storage Flow/Zinc Flow Hybrid Air
TIMERA e
ENERGY B Successful ® Unsuccessful Source: Timera Energy, OFGEM

Li-ion dominates in GB LDES eligibility outcome - Timera Energy

[Vanadium/Zinc Flow: 21 projects (tot: 3.5 GW, ca. 10%)]
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https://www.ofgem.gov.uk/sites/default/files/2025-09/LDES%20Eligibility%20Assessment%20Outcome.pdf
https://timera-energy.com/blog/li-ion-dominates-in-gb-ldes-eligibility-outcome/
https://timera-energy.com/blog/li-ion-dominates-in-gb-ldes-eligibility-outcome/
https://timera-energy.com/blog/li-ion-dominates-in-gb-ldes-eligibility-outcome/
https://timera-energy.com/blog/li-ion-dominates-in-gb-ldes-eligibility-outcome/
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Recent news on Sodium-ion as alternative to Li-ion:
alternative battery chemistries are promising—but not ready

US Sodium-lon Battery
Start-Up Bedrock Materials
Shuts Down

US sodium-ion start-up Bedrock Materials has officially announced a pause in its
RECENT POSTS

development efforts and will return a majority of its funding to investors. The company,

which spun out of Stanford University, had aimed to revolutionize battery technology by dium-lon Solutions by TIAMAT Energy
focusing on sodium-ion batteries. However, the competitive landscape and market Natron Energy: Pioneering. i
challenges led to this decision. Batteries
iwatt Introduces 4.5 kWh Sodium-lon Battery for Homes
Cation-Ani ion in Fl
Sodium-lon Batteries: The Promise far stable Sodhum-ion Ratieries

Hybrid Electrolyte Powers Durable Solid-State Sodium

Sodium-ion batteries have been celebrated for their potential as an alternative to Lithium Batteries

ion technology. Sodium, being abundant and widely available across the globe, eliminates

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

The continuous fall of

Lithium prices makes the

competition from alternative
US Sodium-lon Battery Start-Up . .
Bedrock Materials ShutsDown - €l@Ctrochemical technologies
SodiumBatteryHub T

for short-term flexibility
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Modern power systems have increasing need for flexibility at different time-scales

Today energy storage technologies play already an active role in enabling massive roll-out of renewables, among others,
supporting the power systems by participating in the ancillary service markets

Li-ion BESS is today the most attractive technology solution for the current market conditions. Further technological
product development and cost reduction further lower market entry barriers

What is beyond Lithium-ion cell-based BESS?

« The continuous fall of Lithium prices makes the competition from Sodium-ion technologies for short-term flexibility
impossible

« Different flexible storage technologies are suitable for different services

« Biguncertainty on the main key future technology that will succeed in the MDES/LDES space: key contending
technologies appear to be redox flow batteries, latent heat storage, and novel metal-air batteries

« Current overall maturity and cost levels are not yet attractive enough for commercial deployment of MDES/LDES
technologies, unless suitable regulatory frameworks set the conditions in a market-based environment

 Need for continuous collaboration of technology providers and utilities with research institutes, with grid and market
operators, as well as with regulators and policy makers
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