NORDIC CLEAN EN
SCENARIOS

Reaching Nordic Carbon Neutrality
The Role of Direct and In Direct Electrification

@ Nordic Energy
Research



Nordic Energy Research

The platform for co-
operative enerqgy
research and policy
development under the
auspices of the Nordic
Council of Ministers



Funding Secretarial

Promotion
research support




NORDIC CLEAN ENE
SCENARIOS

Solutions for Carbon Neutrality

@ Nordic Energy
Research ,



Stepping up Nordic Climate
Co-operation

"The aim of the Nordic
countries is to be carbon
neutral and to
demonstrate leadership
in the fight against
global warming"

- The Nordic prime ministers in their
declaration at the summit in Helsinki
25.01.19
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Three scenarios
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Five Solution Tracks to Carbon
Neutrality

BEHAVIORAL CHANGE
I

CARBON
NEUTRALITY

CCS & Bio- Power Direct
BECCS energy to X electrification

BEHAVIORAL CHANGE
will lower the demand for energy
and make the transition easier



Direct Electrification is Central to all
Decarbonisation Strategies

Direct

electrification




Cost reductions for key technologies increase

the pace of the transition
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Direct electrification dramatically improves
energy efficiency
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Cost reduction for electric vehicles drives the

development of road transport electrification

Stock of cars and trucks (incl. vans) CNN and NPH scenario
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Modelled sector electricity demand

Heating plants

Least cost (CNN) Electricity intensive (NPH) L
Twh Aviation
800 —M Transport - other
700 — Truck

—M Car
600 -
PtX fuels

500 -
400 - Heavy industry
300 Residential
200 -Data centres
100 - B . -Manufacturing

and other sectors

0 I | | | | | | 1 |
@ 2015 2025 2035 2050 2015 2025 2035 2050



Electrification and process optimisation in
industry
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Final energy consumption in the Nordic's

2020 CNN
Electricity share 31%

Green energy 50%
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What electricity demand should we plan for by
2050?

Full electrification potential H ig h: 1 01 4 TW

NPH

Scneario result

Full electrification potential

Sensitivity analysis,
where biomass import
is restricted, increases
demand even more

CNN

Scenario result
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(Total Nordic demand in 2020: 423.6 TWh)
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Key scenario developments in the Nordics

 In the Nordic's road transport is almost all
electric by 2040

* Iceland and Norway leads with electricity
shares of final energy at 60% and 70% in
2050

e In Sweden and Denmark more than 50% of
district heating is produced with heat pumps
in 2050



Nordic cooperation on integrated offshore wind
and grid development will be important
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Key messages

Direct Electrification in the Nordic Clean Energy Scenarios

To reach ambitious climate targets, direct electrification is the single most
important measure in the Nordic Clean Energy Scenarios

« The potential for electrification is higher than what is shown in the scenarios
« High electrification rate requires high build of wind and solar power

 |f wind and solar capacity are not built out fast enough, demand for biomass,

biofuels, and electricity import will increase

e The big uncertainty is the development of PtX.....
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Power-to-X and Hydrogen is not just
Hype

Bio- Direct CARBON
energy electrification NEUTRALITY




Hydrogen is essential in EU and industrial
strategies for decarbonisation
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Power system analyses
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Power generation
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Large portion of Nordic power is
exported

Nordic power supply 2050 divided by end-uses, TWh NoPtX HighPtX Very-HighPtX
Electricity demand (excl. PtX) 471 L76 475
PtX to serve Nordic demand - 17 156
PtX for export - 304 499
Net export of electricity /8 219 230
Grid losses 9 9 10
Total power generation 542 124 1369




HighPtX 2050

— Meshed grid with off-shore hubs — 79
in the North Sea and the Baltic o
Sea

— Large exports from offshore
wind in Danish and Swedish
waters to continental Europe

— PtX evens out price differences "
between Nordics and

Transmission capacity (GW)

Electricity price (EUR/MWh)
Il s
32
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continental Europe




Nordic PtX demand
power by country
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Need for significantly more transmission
capacity in all cases

GW B Between Nordic bidding zones Between Nordic countries and third countries
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Il vary (more?)
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Green export opportunity

Green hydrogen 210 11.3 billion €
Blue hydrogen 100 5.4 billion €
Electricity 220 Q.5 billion €
Total 530 26.2 billion €

+Estimated CO2-abatement: 46 Mt by 2050.
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Key messages

Indirect Electrification in the Nordic Clean Energy Scenarios

e FEuropean hydrogen demand is an export opportunity for Nordic
countries
 Are the Nordic countries ready for doubling or tripling power generation?
e |n abalanced system, power prices will stay modest
e PtX smoothens prices — and improve security of supply

e A decarbonised European power system is less sensitive to gas price

variations = but new weather-related uncertainties emerge



Explore all data and results through

NCES open access tools

RMEAN T AVALABLE AT
SCENARIOS
s forCortn ety WWW.NORDICENERGY.ORG
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= Open access models

= Nordic energy statistics database
= Complete technology catalogue

= Web tool for scenario results and sensitivity analyses
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