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Between 2010 and 2022, Solar and Wind experienced remarkable cost deflation WARTSILA
Levelised Cost of Electricity (LCOE) Levelised Cost of Electricity (LCOE) Levelised Cost of Electricity (LCOE)
(USD/kWh) (USD/KWh) Wind Offshore (USD/kWh)
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Renewables is the cheapest source of electricity in countries representing 96% WARTSILA
of global electricity generation

Most competitive source of new bulk generation in 2014 Most competitive source of new bulk generation in

M wind [ Gas
Solar [l Coal
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25 GW of solar PV and wind should be added annually in

Southeast Asia

Annual

capacity additions (GW)

Annual Wind capacity additions (GW)
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25 GW

To reach 85% of electricity
generation coming from
renewable by 2050, more

than 17 GW of solar PV
and 8 GW of wind should
be added in Southeast
Asia every year - this is
equal to the total installed
capacity to date in the
region.

Source: [EA - Southeast Asia Energy Outlook 2022
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Indonesia gears up to achieve net zero emissions WARTSILA
Additional Generating Capacity 2024-2040 (GW)
Accelerated Renewable Energy Development (ARED) Scenario
= Renewable energy: 30 GW by 2033, and % - .
58.6 GW by 2040, focusing on solar, 85 - o
wind, and renewable baseload (hydro 80 1
and geothermal). 1 i it
il BASE RE - Sl
651 mE nucLEAR 62,0
= Gas will act as a key transition fuel, v 55 556w
. ol . 55 1 (75%)
with an additional 9 GW capacity by & | 5038
2033 and 20 GW by 2040. 45 - - "
= 36,7 o ng |
35 4
» Ensuring system reliability, PLN 30 - 28 1 t | |
emphasizes the importance of 25 - 239 T X /‘m—r
flexible generators, pump storage 20 1 > 73 T
hydropower, and battery energy e . i KX
storage systems. s 1., = L 142 1

0 e
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

lasarkan Project Disburse V4.1 Maret 2024 (Termasuk Penambahan PLTS Atap [FGD Bandung, 12 Feb 24]. Sampai 2033* : 2.975, 2040** : 6.597)
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Wind and solar output vary across all timescales - An example from Australia WARTSILA

VRE daily output, June 2022
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Source: Data from Australia National Electricity Market (NEM)



Flexibility is the key to the future power system

Flexibility is the ability of a
power system to reliably and
cost-effectively manage
variability of demand and

supply:

= Near instantaneous
= Hourly

= Daily

= Weekly

= Seasonal

8 © WARTSILA

Flexible supply
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Flexible demand

Balancing power plant
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Battery storage
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Demand-side response



Flexibility is needed for both short-duration & seasonal balancing

100%

80%

60%
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20%

0%

Short-duration flexibility supply Seasonal flexibility supply
(to balance minutes-to-hour variations)  (to balance days-to-week variations)
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Flexibility supply by technology

Demand response

Batteries

i 4X

m Flexible power plants

is the increase in
flexibility requirements
by 2050 due to higher
variability in electricity
supply and demand

Source: I[EA - Managing Seasonal and Interannual Variability of Renewables, 2023
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Flexible and scalable balancing power plants in Indonesia, Australia, UK and Argentina WARTSILA
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Balancing Power Plants in Indonesia WARTSILA

Arun /184 MW Pesanggaran Bali / 200 MW PT PLN Lombok / 135 MW
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Barker Inlet Power Station (BIPS) WARTSILA
An operational thermal balancer in Australia

Customer AGL Energy Limited
Gensets 12x Wartsila 50DF
Net capacity 211 MW

Fuel Dual fuel - primarily natural gas, capable of liquid fuel
Delivery December 2019
Scope EPC with 10-year maintenance services agreement

ll The influx of utility-scale renewables and rooftop
solar means there’s a greater need for highly
flexible, firming energy sources which can be
activated at a moment’s notice during times of
high demand.

- AGL Energy

Flexible Gas Project of the Year
Asian Power Awards 2020

12 © WARTSILA


https://asian-power.com/co-written-partner/news/find-out-who-reigned-asian-power-awards-2020
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BIPS: Covering instances of variable renewable energy intermittency WARTSILA

Intermittent VRE and BIPS dispatch, May 1 -7, 2023 Serving net operational demand with BIPS
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Barker Inlet plays a unique role compared to other assets in the region

ICE perform rapid start-stops, part-loading and load following
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Aeros and other OCGTs provide peaking power in an on-off pattern
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CCGTs take time to ramp up and down, constrained by minimum load
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BESS perform rapid energy-shifting, load-following and FCAS
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BIPS: Serving reliable power in times of need

BIPS Daily Operating Profile, Jan 1 2020 - Dec 31 2023

% Annual Generation
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Hour of Day

1,400 annual running hours on average

Plant adjusts seamlessly to load demand
and price signals

15 © WARTSILA

Consistent supply for regular peaks

~62% of all daily hours occur during morning and
evening peaks

<
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BIPS Monthly Operating Profile, Jan 1 2020 - Dec 31 2023

% Annual Generation
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Month of Year

Seasonal balancing for winters

~54% of all annual hours occur during
May - August



Wartsila has more than 650 MW installed capacity in Argentina

Po

MINA PIRQUITAS,

BALAR CENTEMARID, Juyuy

FALTA SILVER STANDARD RESQURCES
ERAMINE SUDAMERICA 3 X WIBVI4EG
4 % W20V34 3G 1E.E MW

’
@ / 28 MW VILLA OCAMPO,
7
¥

SANTA FE
INDUSTRIAS JF SECCO
5 x W20W34DF

47 MW

EL AGUILAR,

CAIMANCITO, JuLuY

%
- ANCHDRIE,

MENDOZA
@ METHAX
4% W20VI4S5

&

@—CEHTRAL COETANERA, E:::g SE:IEHRE;M
BUEMOS AIRES

& x WIBVSIDF

EMEL
4 % WEDVI2 58w

3T MW

CENTRAL TERMICA HGENIERD WHITE,

an

16 © WARTSILA

BUENOS AIRES
PAMPA ENERGIA
B X WIEWSIDF
93 MW

MAMANTIALE S EEHR,
CHUBUT

YPF LUZ

5 WAV 3G

574 MW

CERRO VANGUARDIA
FANTA CRUZ
ANGLOGOLD & SHANTI
5 EWIEV2IEG

12 Wi2vaon

17.8 MW

CENTRAL TERMIC & PARQUE PILAR,

Juduy MINERA AGUILAR
SULLAIR ARGENTING 4 x WIEW2205G
5 x W1EV50586G B4 MW
B3 MW
FEREZ,

PUNTA ALVEAR,

SANTA FE
INDUSTRIA S JF SECCO

ZANTA FE
CARGILL
12 WISW32ZDF

B3 MW

& ¥ W20W3I4DF
76 MW

CARADA DE GOMEZ,
FANTA FE
INDUSTRIA S JF SECCO
4 & WIBWIIDF

B4 MW

@® In Operation

WARTSILA




C

FLEXIBLE OPERATION IN BALANCE WITH WIND WARTSILA
All Wartsila ICE Power Plants - Week 19
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Source: CAMMESA
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The role of gas is changing: from baseload to balancing WARTSILA

Capacity factor of Gas plants (%) - BNEF's ETS Scenario

70
Historic Futures Consequences of

60 non-flexible systems:
Instability
>0 Blackouts

Renewables curtailment
40

Higher system costs

30

As renewable increases its
20 share, gas-fired power
plants will have declining
capacity factors, reaching
5-15% in 2050.

10

2000 2010 2020 2030 2040 2050

e (Gas - APAC = Gas - Global

18 © WARTSILA Source: BloombergNEF - New Energy Outlook 2022



C

Countries are making significant efforts to introduce more balancing power plants WARTSILA

, Japan is rolling out new balancing markets with
opportunities for fast ramping gas plants.

_ 2021 2022 2024
T e ® @ @

r-2 Ir-1 II-1 (5-min)
(45-min) (15-min) II-2 (5-min)
I (10 sec)

In China the need for balancing and
the market mechanisms are developing
quickly. A new policy guidance requires
generation companies to add 15%
balancing capacity for new-build
renewable projects.

b

Indonesia has been investing in
flexible gas / peaker projects

Philippines and Vietnam will see
more renewables added to their
systems, creating a need for flexible
. capacity and balancing. Vietnam’s
N\ approved Power Development Plan
8 recognises the role of flexible gas.

-

In Australia the capacity factors for gas are dropping '
and traditional baseload is disappearing |
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Internal Combustion Engine (ICE) power plants: Crucial for Indonesia WARTSILA

20

q

Increased need for balancing

solutions
As the amount of renewables will increase in
Indonesia (30GW by 2033 and 60GW by 2040),

flexible balancing solutions will be needed to
ensure stability and reliability.

© WARTSILA

Engines as balancing capacity

Wartsild's 5GW existing ICE plants will offer
essential balancing power to enable Indonesia to
integrate more renewable energy sources, cut
costs and CO2 emissions.

(To be continued in the next presentation)
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