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Global trends in energy

Total energy demand

Climate, security, economy, social aspects, °
innovations, etc. drive the energy transition

Qil

100 iatleericipanorsiosassvsoisisinissisemiosisiissiassonion
 Emissions are growing (but may start to level out) /
Renewables
* Fossil fuels dominate and remain for a long time
2000 2010 2024

* Electricity demand and electrification grows fast

Electricity generation

* Hydrogen (synthetic fuels) still needs major cost cuts

* China plays central role in clean energy technology

* Nuclear (start 2017-) 100% of Russian/Chinese origin

2000

2024
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2050

World energy:
fossil 80%/clean
20% (RE 15%)

World electricity:
fossil 60%/clean

40% (RE 30%)

M Hydrogen, ammonia
and CCUS
Other renewables
Wind
M Solar PV
M Hydro
Nuclear
Unabated
Other
Natural gas
m Coal

Ref: IEA, World Energy Outlook, 2025



Global energy investments and trends

* >60% of all energy investments went into clean energy; grids, el. transport and
renewables, the trend is expected to prevail with transport dominating by 2035

$ t;ilggr(\) (real 2025) — u Power grids
6,918 Industry = Clean industry
. 7,000
The energy investment = Buildings Electrified heat
6,000
. L3 . .
landscape is changing Sife0 AGiaen shipping
5,000 Transport
4,000 E—
Evolution of global energy investment
billion USD (2024, MER) B0 2,309 68
2000 N Clean energy ~ uNuclear
Renewables 780
1'000 - : Energy Storage
. 0 _ |_mRenewable energy
‘ 543 2025 actual 2026-2030 2031-2035
Source: BloombergNEF. Note: Future values are from BNEF’s New Energy Outlook (NEQ) 2025 (web | terminal), New Energy Outlook 2025: Grids (web | terminal),

and Long-Term Electric Vehicle Outlook 2025 (web | terminal). CCS stands for carbon capture and storage.
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Comparison of electricity mix: Finland, Nordic, EU

* Nordic power system almost fossil free, hydropower >50% of all electricity (2023)
* Finland has largest share of nuclear power in the Nordic region (2025)
* New renewables largest source of electricity in the EU and Nordics (2025)
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Ref: Ember 2026, Finnish Energy Industry 2025, Norden 2024
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Finland

fossil other

2% 8%
wind
26 %
solar
nuclear / 1%
37% hydro
14 %
waste ass
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wind
solar
hydro
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m fossil
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Changing ’ typology’ affects power system
functionalities

Fuel-based centralized Weather-dependent renewable
electricity systems decentralized electricity systems
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energy storage controllable energy Intermittent uncontrollable

Flexible demand and supply, EN storage [~

Flexibility deficit
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Increasing RE causes oversupply and shifts remaining
supply more towards peak power

Load duration curve + cost curves of power plants
- optimum power mix

7 o . . .
ES——— %0 Increasing solar & wind:
14000 SIS
W .
. & 3 Initial
10000 - — Shifts optimal power mix of residual load = (initial
6000 | load — RE power) towards cyclic & peak power
E ] plants, i.e. more flexible power plants
S 2000
® -2000 ¢ — More negative residual load (oversupply) with
% 6000 | negative power price
m -
-10000 — Residual load curves ‘ax— N — Base power plants economics affected unless
14000 | ~Load-wind 2N more demand, exports, or other agreements
- 20N
-18000 e — Transnational power transmission and th
—Finland (no wind) 5 GW/18% oo e wpe 2 S , a. p erirans . .SS and the
— 15 GW/40% 15 GW+2h sto/45.6% Nordic electricity market mitigate above effects
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Electrification increases load variability
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Details on two approaches to decarbonize Finnish energy

system by 2050

Wind dominated system

Primary energy, TJ
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= Hydro power

= Solar PV

= CHP-DH

= Conv. cond. power

= Wind power
Nuclear power

= CHP-ind

= Net import/export

= P2H
EV consumption

= End-use consumption
= P2G
= Electricity storage losses

Nuclear dominated system

Primary enrgy, TJ
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Power production Electricity use

= P2H
EV consumption

= End-use consumption

1% —\cﬂ‘;r%——’—
| 18 %
= CHP-DH
= CHP-ind
= Separate thermal pro
RES-Heat from fuels
= RES-Heat from electric boilers
= Heat pumps

m P2H
= P2G
0%
1%
18%
= CHP-DH
= CHP-ind

= Separate thermal production
RES-Heat from fuels
= RES-Heat from electric boilers

= Heat pumps 10

Heat production
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Energy efficiency is important in energy transition

* Energy efficiency and savings in end-use side reduce demand for supply, materials, flexibility, fuels, etc.
over the whole energy-chain, also easing integration of variable renewable electricity and nuclear

Primary |Secondary Final Energy Energy -
3 > | energy energy energy end-use | services a c
- Q Device a ©
g g— losses c qE,
Transmission L
w losses T
Conversion
losses

Energy supply

COZ-
emissions

Energy sources
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Economics as driver for new investments

* Core technology typically 25-35% of total costs; BOP, BOS, soft costs dominate in new energy technology
* From cost of pure energy production (LCOE) to value provided by technology to energy systems (VALCOE)

* High VALCOE vs LCOE motivates to find effective system and engineering solutions to provide more value

Cost of produced energy (LCOE) Effect of key factors on LCOE Value-adjusted LCOE
dominates €«CapEx OpEx >dominates
FCR 120 3\ wing ase 7 120 - & LcOE(2050) = VALCOE(2050)
LCOE = OpEx + meapEx 100 1« PV ‘power  po 6 100 3 X Cost 2026 X
—_ ] -~ £ ]
S 807 I > ga ; 80 1 | china
LCOE Levelized cost of energy £ 401 - 4% 3 601
LCOH Levelized cost of H, o 1 . S ¥ ]
_ o 40 ] ) 29 o 40 A
VALCOE Value-adjusted LCOE O ] U ~~s 9 o .
CapEx Capital expenditure =20 1 I 1 20 B
OpEx Operational expenditure (RS S Y 0 - _ S o o
FCR Fixed charge rate o Ex/CO - 2000F 4|??0 3?100 Boogcéogogy 3 a 25 TS
pEx/CapEx: ull load hours =6.5% o 8 = S
FLH Full load hours $/MWh / $/KW 2 S =g SE
----- 5/800 ——5/1500 -----10/1500
——15/4000  ----- 30/4000  ——30/8000
----- 30/750 ——45/2000

Ref. IEA World Energy Outlook 2025
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Sensitivity analysis

Assumptions influence the estimated cost (LCOE; e.g., interest rate, CAPEX, OPEX, FLH)

Value of produced electricity (VALCOE) depends much on the structure of the electricity system

United States

Dispatchable Variable renewables System
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Annual Capacity Factor: 40%  55% 90%  23% 21% 95%  44% 46% 95%  costs
Availability Factor: 95% 95% 95% 5% 20% 95% 20% 20% 95%

China

Dispatchable Variable renewables System
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Annual Capacity Factor: 35%  20% 70%  12% 11% 95% 24% 32%

95%  costs
Availability Factor: 95%  95% 95% 5% 20% 95% 10% 15% 95%

European Union

Dispatchable Variable renewables System
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Annual Capacity Factor: 30%  20% 75%  14%13% 95% 30%54%  95%  costs
Availability Factor: 95%  95% 95% 5%20% 95% 15%25%  95%

LCOE 1 Fixed M Fuel and CO; VALCOE System cost 1 Grids m Generation

Solar PV and wind are competfitive with dispatchable sources in major marketfs in 2035

Notes: LCOE = levelised cost of electricity; VALCOE = value-adjusted levelised cost of electricity. MWh =
megawatt-hour; MER = market exchange rate. 4-hr refers to battery storage duration. 24/7 refers to the
ability to provide power in all hours of the day and all week. Availability factor is the share of nameplate
capacity that can be reliably expected to generate electricity during times of peak demand.
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120 dominates «CapEx OpEx >dominates
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Summary

Future energy/power system architecture is challenging to base-
power, and emphases ’flexibility’

Cost of produced electricity is highly sensitive to assumptions, and
its value to the power market/system may not coincide with the cost
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