LUT
() COMPASS «?® University
L

“. LEXECON @
Study Release Event

Enabling cost-efficient electrification in Finland

A study commissioned by S'TRa

28 September 2021

Fabien ROQUES
Gerald AUE




Disclaimer

This presentation has been prepared by FTI France S.A.S., trading as Compass Lexecon (“Compass Lexecon”) for Sitra
under the terms of the Sitra engagement with Compass Lexecon (the “Contract”).

This presentation has been prepared solely for Sitra and no other party is entitled to rely on it for any purpose whatsoever.

Compass Lexecon accepts no liability or duty of care to any person (except to Sitra under the relevant terms of the Contract)
for the content of the presentation. Accordingly, Compass Lexecon disclaims all responsibility for the consequences of any
person (other than Sitra on the above basis) acting or refraining to act in reliance on the presentation or for any decisions
made or not made which are based upon the presentation.

The presentation contains information obtained or derived from a variety of sources. Compass Lexecon does not accept any
responsibility for verifying or establishing the reliability of those sources or verifying the information so provided.

No representation or warranty of any kind (whether express or implied) is given by Compass Lexecon to any person (except
to Sitra under the relevant terms of the Contract) as to the accuracy or completeness of the presentation.

The presentation is based on information available to Compass Lexecon at the time of writing of the presentation and does
not take into account any new information which becomes known to us after the date of the presentation. We accept no
responsibility for updating the presentation or informing any recipient of the presentation of any such new information.

Any recipient of this presentation (other than Sitra) shall not acquire any rights in respect of the presentation. All copyright and
other proprietary rights in the presentation remain the property of Compass Lexecon and all rights are reserved.

Copyright Notice
© 2021 FTI France SAS. All rights reserved.
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The study was carried out by a three member consortium
combining international and local experience and knowledge

Compass Lexecon Enerdata LUT University

COMPASS

'“data LUT

L E X E C o N GRS + consulting o University
About: About: About:
® |[nternational Economics ® [nternational energy intelligence = Finnish University
consultancy and consulting company

= Helsinki and Paris based
members of the EMEA Energy
Practise led the study

Role: Role Role:
® Consortium leader = Full energy balance modelling ® Finnish energy sector expertise
= Power market modelling = Power transmission &
distribution system analysis

Team: Team: Team:

= Fabien Roques = Sylvain Call m Samuli Honkapuro

m Gerald Aue ® Aurélien Peffen = Ville Sihvonen

= Petr Spodniak

= Yves Le Thieis

|

Guillaume Pugliese
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The modelling covers the full energy system, further detailing the
power sector and was complemented with qualitative analysis.

Overview of the applied methodology

Stakeholders’ inputs (workshops, interviews) on the Finnish energy system

Enerdata POLES e Annual CL Power Dispatch Model
Key bottle-

Multi-energy annual power Hourly dispatch model necks and
equilibrium model demand Assess the power sector enablers
Assess the role of « Power investment necessary to

electricity sector in EU sector ensure security of supply

economy decarbonisation emissions and decarbonisation objective

Quantitative Modelling approaches
m  the POLES-Enerdata full-energy balance model and
= the Compass Lexecon (CL) power dispatch model (incl. a capacity expansion optimization).

Qualitative approaches

= Extensive literature review to assess:
— the status of Finnish energy system studies,
— assumptions underlying the sectoral demand evolutions, and
— assumptions underlying supply side modelling

®  Comprehensive Stakeholder involvement

— 8 stakeholder workshops (regulators, ministries, research institutes, network operators, key sectors, professional associations, ...) with a
focus on (a) modelling inputs and assumptions, and (b) modelling results

— 5 follow-up interviews
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The scenarios developed achieve net-zero emissions in 2035

and full decarbonisation in 2050

Targets for domestic gross CO, equivalent emissions in Finland
excluding LULUCF?

MtCO,
8o
2035: 2050:
60 National & study Study target =
target = net zero fully decarbonised

30

-21.4 Mt CO_eq p.a.

LULUCF carbon sink

<€
20
\4

2010 2015 2020 2025 2030 2035 2040 2045 2050

Notes: LULUCF — Land Use, Land Use Change and Forestry
Source: Compass Lexecon; LULUCF carbon sink size based on Seppala et al., 2019

® 2035 carbon sink target

based on the Finnish
Climate Panel (2019),
21.4 Mt CO,e to reach
carbon neutrality.

Carbon sink level is very
much dependent on the
use of forest-based
biomass.

In this study the wood-
based bioenergy use is
limited to the present
level and the minimum of
21.4 Mt CO,e carbon
sink is maintained
throughout the studied
horizon.
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Both scenarios achieve the emission targets by significantly
reducing fossil fuels and without heavy reliance on CCS

= Emission reduction is achieved through strong Pathways of gross and net Greenhouse gas (GHG)

electrification and phasing out fossil fuels in emissions in Finland [MtCO,e]
energy sector.

In 2035 emissions In 2050 emissions are

= The governmental target of carbon neutrality = MtCOe are equal to the reduced to 6 Mt p.a.
is reached in 2035 in both scenarios, with net 60 natural (LU'_-UCF) which are compensated
GHG emissions around 1 MtCO,e. This carbon sink using bioenergy with
corresponds to gross GHG emissions of around carbon capture and

22 MtCO,, 60% lower than the 2015 value. 40 storage. By then the
natural carbon sink is not

needed to achieve net
Zero emissions anymore

® Full decarbonisation of the economy is
achieved in 2050 in both scenarios, and net
GHG emissions therefore decrease to -21 MtCO,, 20
the level of the “land-use, land-use change and
forestry” (LULUCF) carbon sink*. 10

— In 2050, around 6 MtCO,, of gross emissions o
are compensated by carbon removals by
“bioenergy with carbon capture and
storage” (BECCS)

-10

-20

— The remaining gross emissions are the .
hardest-to-abate, from agriculture, waste and 2015 2020 2025 2030 2035 2040 2045 2050
industrial process emissions (such as CemMent  wmAgriculture s Industry (incl. non-energy uses) mmmServices  mmmLULUCF mmmNet GHG

- emissions
production). Energy supply mw Transport e Residential BECCS

® The scenarios do not use carbon capture and

- P 8 : POLES-E dat del lts by E dat
storage (CCS) of fossil emissions. ouree nerdata modet resutts by Enerdata

*LULUCF emissions are not modelled and assumed constant on the forecast period.
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The two scenarios differ in usage of PtX-fuels to arrive at the
climate targets but keep biomass usage at current levels

= The study determines the cost efficient
decarbonisation of the Finnish Energy system by
developing and comparing two scenarios:

— Scenario 1 — Direct electrification scenario

— Scenario 2 — Increased PtX scenario

® The key difference between the scenarios is the
extend Power-to-X fuels are used

— Power-to-X refers to the production of hydrogen from
electricity using electrolysis and the potential subsequent
transformation of hydrogen to other synthetic fuels

— In the increased PtX scenario, additional demand (in
heavy transport and industry) is indirectly electrified

using PtX-fuels

® |n the long-run, biomass usage remains similar or
less compared to the current levels.

Final energy consumption by fuel [TWh]

300 289
250
200 Stable
use of
biomass
150
Increased
PtX usage
100 in the
second
115 112 scenario
50 84
(o]
2020 2050 2050
Direct Increased PtX
Electrification | Scenario, 2050
Scenario, 2050
Oil = Natural gas m Coal and peat
Electricity m Power-to-X m Biomass

m District heat
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Final energy use declines due to efficiency gains — fossil fuels
are replaced largely with electricity produced from wind

Primary and final energy demand 2020 and 2050 (TWh) — Direct Electrification Scenario

Fossil fuels are phased out
249 TWh from primary and final
energy demand

Coal and peat 45

289 TWh

Qil 84

Natural gas 22 279 TWh

Nuclear 31

Dominant role for
wind generation in
primary energy

supply

251 TWh

Hydro 14 Hydro 14
Primary energy per Final energy demand Primary energy per
source per carrier source

2020

Final energy demand
per carrier

2050

Overall declining
demand, mainly due to:
(i) Electrification of
transport, (ii) usage of
heat pumps in heating
and (iii) thermal
insulation of buildings

Important but
stable role for
biomass in the
energy sector
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Industrial electrification and PtX production are the main drivers
of electricity demand — onshore wind is the most important source

Sectoral electricity demand and electricity generation 2020 and 2050 (TWh), Direct Electrification Scenario

Electricity demand
almost doubles

Industrial

production are the

electrification and PtX

main demand drivers

Total 2020: 86 TWh
Wind onshore 8
Industry 36 Hydro 14
Transport 1 Nuclear 21
Services 17 Other non-RES 6
Residential 22 Coal and peat §
Naturalgas 7
Electricity demand Electricity generation
2020
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T —Total 2050: 168 TWh

Transportg

Services 27

Residential 20

Electricity demand

Electricity generati
2050

Offshore wind is only slightly
expanded as the total cost for
onshore wind generation remain
more competitive

Onshore wind generates
more than 70% of electricity demand

Photovoltaic generation is slightly
expanded but remains limited

Due to lack of additional potential
hydro generation remains stable

Solar2 /
Hydro 14

MNuclear 10 \

Nuclear generation declines after the
existing plants reach the end of their
lifetime

Biomass generation remains stable in
order not to impair the carbon sink




Cost-efficient decarbonisation relies on

significant wind generation capacity expansion

Installed electricity generation and storage capacity evolvement Finland [GW]

Coal and peat
capacities are phased
out; Gas capacities
remain (and are even
expanded to balance
renewable
generation) but use

20

: - Total 2050:
Generation and storage capacities

% (almost) quadruples. Total 2050: c.81GW
Generation alone more than triples. c.76 GW i
70 !
Onshore wind is |
60 expanded almost up to \ i
the assumed technical i
limit of 54 GW.
50 |
Nuclear capacities are :
an important source
40 of decarbonised
electricity to meet the :
2035 target
30 = !

Total 2020:

clean gasses in 2050 2020
® Nuclear m Gas
Solar = Wind Onshore

Direct Electrification

(2035)

m Coal/Peat H Biomass
= Wind Offshore mBatteries

Direct Electrification
(2050)

Increased PTX
(2050)

= Other non-RES mHydro
u P2G2P

To balance renewable
generation, significant
electricity storage
capacities (batteries
and Power-to-Gas-to-
Power) will be required

Additional electricity
demand in the
Increased PtX scenario
is met by even more
onshore wind and
additional nuclear
capacities
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Both scenarios require significant investment
In electricity generation and storage

Total CAPEX in Electricity generation and storage [bn€,,,]

= Both analysed scenarios require significant Comparison between Direct Electrification and Increased PtX Scenarios
investment in generation and storage capacity
up until 2050. Biggest scenario difference only post 2035 when
increased power demand is met by new generation
capacity partly requiring additional storage capacity
® [nvestment in new generation capacities 16
follow similar trajectory in the short-term in
both scenarios 14
= From 2035 onwards investments are higher .
in the increased PtX scenario to meet
additional demand via: 10
— Investments into additional nuclear capacity; and
— Building of additional storage and onshore wind 8
capacity between 2046 and 2050. .
®  Sensitivity analysis: Reduced onshore 4
wind build-up (due to e.g. military restrictions
or NIMBYism) or reduced take-up of demand
side response would further increase the o
need for investment in generation capacities. DELS|PTXS DELS|PTXS DELS|PTXS DELS|PTXS DELS|PTXS DELS|PTXS
2021 -2025 | 2026 -2030 | 2031 -2035 | 2036 - 2040 | 2041 - 2045 | 2046 - 2050
Direct Electrification Scenario u Increased PtX Scenario
:*. COMPASS &L, 10
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Limiting onshore wind potentials
leads to additional need for nuclear & battery capacities by 2050

Impact of reduced onshore wind potential on
generation and storage capacities in the Direct Electrification Scenario [GW]

80 Power-to-gas-to-Power
capacities are partly replaced

70 by batteries and partly by
nuclear capacities ability to
60 provide longer term balancing
50 7.7
The reduction in
40 onshore wind capacities
is compensated with
30 increased nuclear
capacities

20
10

o

Baseline 2035 Wind Sensitivity Baseline 2050 Wind Sensitivity
2035 2050

=mNUCLEAR u GAS m BIOMASS = OTHER NON-RES

mHYDRO SOLAR B WIND ONSHORE = WIND OFFSHORE

mBATTERY » P2G2P
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Demand Side Flexibility (DSF): Reduced DSF uptake increases the
need for both supply side flexibility and generation capacity

Impact of reduced demand side flexibility (DSF) uptake on
generation and storage capacities in the Direct Electrification Scenario [GW]

80 Reduced demand side
flexibility is replaced by

70 increased supply side flexibility
(Power-to-gas-to-Power)

60

Transformation losses from

50 storage increase the electricity

demand and therefore the
required generation capacities

40

30

20

10

o - S
Baseline 2035 DSR Sensitivity Baseline 2050 DSR Sensitivity
2035 2050

= NUCLEAR EGAS = BIOMASS © OTHER NON-RES

=EHYDRO SOLAR = WIND ONSHORE = WIND OFFSHORE

m BATTERY » P2G2P
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Next steps to enable cost-efficient electrification — Selection

Sector Next steps
Power Explore measures to structurally reduce the impact of the Finnish Defence Forces’ requirements on
generation the build-up of wind generation capacities
Explore measures to reduce the effects of long permitting processes for wind parks (e.g., public
administration permitting capacity and/or courts’ resources to handle complaints)
Follow the process of nuclear life-time extension permitting and timely explore options for
substituting nuclear generation, if life-time extensions are expected to be not granted.
Supply side  Regularly review the sufficiency of investment incentives for supply side flexibilities and if
flexibility necessary, explore options to improve these incentives

Demand side
flexibility

Transmission
network

Distribution
network

Explore necessary support for the build-up of hydrogen (storage) infrastructure supporting the
build-up of P2G2P capacities required to balance intermittent wind generation

Explore options to structurally improve the availability of demand side response potentials
(e.g. the requirement for controllability of loads in building regulations) and/or by making demand
side flexibility uptake a priority in the national energy and climate plan (NECP).

Integrate the (spatial) network development planning for electricity, gas and hydrogen

Explore incentives for the reduction of peak power demand e.g., by implementing peak-load-
based components in the network tariff incentivizing inter alia smart electric vehicle (EV) charging
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Gerald Aue
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