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e Reference group
- Fingrid

- Energinet.dk SEI/KTH
Policy,
regulation &

instruments

— Svenska Kraftnet
— (Stanett)
— Enova

- Energi Norway

DTU SINTEF

Electrification Energy markets
— Vattenfall of transport & transmission
and heating development

- Dong Energy
— Danish Energy Association
— Vestas
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NORSTRAT scenarios 2050 :
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§ Purely RES European Hub
c00-250 "®" 500-250 Twh/y of new RES 200-250 TWh/y of new RES.
TWh/y 3 based production. Nuclear de- 11 GW increased capacity in the
g commissioned. Connection to Norwegian hydro power.
o Europe mainly as today. Increased integration with Europe
=
"
W Carbon Neutral European Battery
100-150 "= 100-150 TWh/y of new RES 100-150 TWh/y of new RES.
Twh/y f‘f’ based praduction. Connection 11 GW increased capacity in the
o (o Europemainly as today. Norwegian hydro power.
E Increased integration with Europe
=

Transmission integration between the Nordic region and the rest of Europe



Some results power system € noroen
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e The Nordic region has sufficient renewable resources
to develop a power system without greenhouse gas
emissions

e Simulations indicate that it is possible to obtain a
power system in balance with some upgrades of the
transmission grids (local grids not studied)

e For a Nordic power system based on only renewables
and nuclear in Finland, large expansions of
transmissions grids may eliminate rationing of
demand
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e Norwegian hydro power balance variable /
production in a future without nuclear in Swéden.
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100 9% Electrification of

private passenger transport

e Present system: 20-30%
of GHG emissions because
of transport

e Study based on present
driving pattern

e Scaled up according to
expected demographic
changes

e Increase the yearly power
consumption with ca 7 %
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The weekly power profile in Denmark
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Short term balancing of variable

wind power production from Electric
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Vehicles and Heat Pumps

Future variable large scale
wind production must be
balanced in short and long
term.

Flexibility of Electric
Vehicle (EV) and Heat
Pump (HP) demand may
be a big source of short
term balancing
(frequency-controlled
reserves) - 600% and
500% of the requirement
at present.
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Electric Vehicles:

Governance analysis Electric € noroen
vehicles and Grid development NoricEnergy Researc

USD/kWh

Showed the fundamental trends in favour of i
Battery Electric Vehicles, e.qg., rapidly falling 7

500

battery costs 250

0

L Apply all pOIicy measures: Critical to 2005 2010 2015 2020 2025 2030

combine financial incentives with knowledge
generation. Address misconceptions and lack
of experience

Grid development: UEY,

Barriers:1) Where and how much wind power;
2) Uncertainties in the concession procedure; .-
3) Limited cross country planning

Solutions: Need for clear guidance on eliciting
stakeholder interests, clearer policy targets,
and long term planning for RES - /1 27
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Strategic choices towards carbon neutrality
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NORSTRAT - Mordic power road map 2050

e Contact:
" How can a Nordic power system be carbon neutral?
- The Mordic Energy Ressarch project NORSTRAT has studied a futare Nordic power system without
I n q e O rq q ra a a fossil fuel production. The studies show that Denmark, Finland, Morwey and Sweden has more
L than anough renewable resowrces o phase out fossil fuel based production snd slso o cover

expected incresss in demand. Simulstions with high spatisl and temporsl resolstions indicste that

- f it is possible to obtsin & power system withowt raticning of d d [d d nok supplied] based

o mainky wand, lydre, bio snd nuckear. Mo flexibilty in dis dl. Demand fexibility can

S I n t e L n O further improve the security of supply, .. within each hour which & not included in these
analysis. The Mordic power sysiem is assumed to be toially integated and some increases o the

tramsmissions grids intemally in the region ane found profitable. The nterconmectors betwesn the
Mordic region and it neighbouring countries are kept ot present kevel.

Background

All Mordic countrias have presented long-term stategies for

. €02 emission reduction to be achisved by 2030. Sweden and
q W e e rO n u - Horsay already hawe wery high share of renewsble sources in
% their power production, and Denmark aims 10 o heve 2 100%

renzwable Energy Supply by 2000,

Mordic Energy Technolagy Perspectives (NETP| was nelsased in
2043 amd desoribed several scenaros for 8 carbon mewbral
energy system in the Nordic region 2030 [1]. The MORSTRAT
soEnEnas are sSmilar to the NETP scemarios, but prowice results

e Bjorn.ny kvist@sei- DR bt

Empacts on transmisson grids.

international.se e o s

Sweden in 2030, This leaflat describas the Csrbon Newtrsl scensrio. In 2042 thers were
spproximately 70-100 TWh/y of fossil besed powser production which had to be substituted in order
to develop & power system without emissicns of greerhouse gases (G5 in the Nondic region. In
addition studies show that & power demand inorease ca be expected in the long term perspective
{see saction Methodology below]. The assumed demand increass nesults in power corsumption of ca
444 TWhiy in 2030 compared to present consumption of 350-400 TWhy'y. Thus, ca 130 TWh'y has to
be supplied Oy New power procuction in orcer to otain 8 power production without SHE emissions
in 2030. NORSTRAT analyses how new renswable production can cover decommission of Fozsil fuel

basad production and the sxpected increase in consumption.
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