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Foreword

The Swedish and the Norwegian power systems are tightly integrated.
Reinforcement of one system affects the other. Hence, the incentives are
strong for Svenska Kraftnat and Statnett to find solutions for reinforcements
that arefavourable for both partiesln 2008, Svenska Kraftnat and Statnett
initiated a strategic partnershjmf which one of the results is th@nt report
aboutSwedishNorwegiangrid developmentThe purpose othis reportis to

be one of theplanning toas of our common power systems, disregarding
nationalborders.The reportis alsoimportant in order tdhandle thampacts

of acommon SwedistiNorwegian green certificate market

This SwedishNorwegian report represents dirst step of our common
planning. The report is a supplement toStatneft s national grid
development plaandto the Europeargrid development planof ENTSOE.

The report is also meeting the goal of Nordic Council of Ministers which
aims for a Nordic perspective in tgad development planning.

Statnett and Svenska Kraftnat will contindeveloping our common power
system.

November2010
Mikael Engvall Gunnar G. Lgvas
Svenska Kraftnat Statnett
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Executive Summary

The Swedish and the Norwegigrower systemare tightly integratedReinforcement of one
systemaffects the other. Hence, the incentives are strong for Svenska Kraftnat and Statnett
to find solutionsfor reinforcementghat are favourable for both partiekint studies by
Svenska Kraftnat and Statnédveshown that different scenarios lead to different needs to
reinforce the grid.This report presentsa basisfor reinforcing the Swedistand the
Norwegian transmission gisd

Already announcedreinforcementsare presented in the repoifhese projects arall
important fortheintegration othe NordicElectricity Market. Statnett and Svenska Kraftnat
are working on realizing these projecBomeof the described reinforcemerdselikely to

be realizeddue todrivers such as additionagenerationfrom renewable source§hese
projects are highly prioritized by botrSOs However no final decisios have been taken
Finally the report describgmssible future reinforcements.

In a lowgrowth-scenario the needf reinforcements are expected to be guitedest Only
previous announcedreinforcements are expected to have a net positive -egoioomic
value. These reinforcemenése markedas blue lines in Figure 0.1. Among these are the
reinforcements presented the Nordic Grid Master Plan 2004 and 2008. Svenska Kraftnat
and Statnetwill carry outthese reinforcements as a necessiasy step for developing the
SwedishNorwegian transmission grid

A scenariowith emphasionthe energy and climate poli§¢$cenaricRenewable}will lead

to avery positive SwedistNorwegian energpalance. This leads to a growing newd only

to reinforcethe northern and the middle part of the dgrich north-south direction but also to
reinforce in the soutbrn partin order to prepare fointerconnections to other markets.
According to socioeconomic and technical analyses Svenska Kraftnat and Statnett
recommend the reinforcements marka&sired lines in Figure 0.1 as a possible next step
towards a reinforced Swedi$torwegian transmission grid. Svenska Kraftndt and Statnett
will make efforts to make these potential projeetized,provided that thexpectedhew
generations built.

In a scenariowith even more emphasis on the energy and climate p¢dicgnaric202020Q

it is assuned thatthe SwediskiNorwegian green certificate system is functioning well and
thatthe 20202&argets of EUhavebeen realizedThis will lead to avery high investment
rate inrenewableswhich will resultin a largeincreaseof the SwedishNorwegian energy
surplus According tosociaeconomic and technical analys8&senska Kraftnat and Statnett
recommend the reinforcements méottedin Figure 0.1 as a possible further step towards a
reinforced SwedisiNorwegian transmission gridSvenska Kraftnat and Statnett will
continueto work together monitorinthe development of the market atodplan for afuture
realisationof theseprojects

The need for new interconnections to other markets is related to security of supply, climate
policy and economyThe number ofneedechew interconnections to other markets depends

on, for example, the future Nordic ene#igglance, future pricesn different markets
(power, oil, gas, coal, CO2) anle future European climate policy. No ranking between
interconnectiorprojects has been made in this report. However, characteristics of the
national power generation system and the distance to the external network of interest are
examples of factors evaluated in calculations ofptfuditability of intercomection projects.
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= Prioritized reinforcements
First step (Scenario Recession)

1. Nea-larpstrommen

(In operation) 2009
2. Fenno-Skan 2 (Decided) 2012
3. South-West Link, South

(Decided) 2013
4, Sima - Samnanger {Decided) 2013
5. @rskog - Fardal

(License applied) 2014
6. Southern Norway, 3003420 kV 2014/17
7. Skagerrak4 (Decided) 2014
8. Ofoten - Balsfjord - Hammerfest 2015
9. NordBalt (Decided) 2016

| e PriOritized reinforcements

d step (. io ble+)
0. Reinforcements out of Ofoten (ch.7.3.4)
11. Svartisen - Nedre Rossaga
12. Serial compensation, cross-section 1
13. MNamsos - Trollheim/Orkdal
14, Klebu - Aura, 300 2420 kV
15. Shunt compensation, cross-section 2
16. @vre Vinstra - Faberg, simplex->duplex
17. South-West Link, West

=

= = Possible further reinforcements
Third step (Scenario 202020)

18. a Medre Rgss.-Grundfors, 2203420 kv
b.Nedre Rgssiga—Klebu, 3003420 kv
19, Further reinforcements cross-section 2
20. Further reinforcements
Mid-Southern Norway
21. Aura-F3berg, 300 >420 kv
22. Further reinforcement cross-section 4

Possible interconnectors to
continental markets I~ i

Figure0.1: The reinforcedSwedishNorwegian power system
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Summary

From a Nordic to a European Market

New and preseninterconnectios will make the
Nordic power market more integratedto the
European power market The different
characteristics of the power generation systems in
Sweden and Norway and the rest of Europe make
interconnections to external power systems
valuable in severaways; e.g. by transmitting
power and offering balancing services betweer
areas with low and high pricesnother driving
force for the integration of the Nordicand the
Europearelectricity marketds the policy of EU K. o
through its basic objectives, whicheao increase the security of supply, mitigate the effects
of climate changes and to support competition in the energy s&tmrEuropean political
movements towards a single electricity market have also changed the forttalbdiadion;

in 2009, the Mrdic TSOs weréncorporated into the European TSO association ENESO

Baltic Sea

&~ Continental CE
Continental CS

Continental SE

The worldwide focus on climate change is strongly relategeteratiorand consumption of
energy. The European Unids a strong playein the climate discussion, and has, among
othermeasuresissued the Climate Change Package. The Climate Change Package contains
the socalled 20.20.20 legislation that obligates membertheEU to cut emissions by at
least 20 % of 1990 levels by 20ZDhis emission target is supported by three objectives,
which all should be achieved until 2020. Hirsthere should be a 20 % reduction in energy
consumption through improved energy efficiency. Sebgritiere should be an increase in
renewa b | share ocensumptidro 20 %. Finally, as a part of the renewable energy
effort, in the transportsector ofeach Member State a 10 % share of sustainably produced
biofuels and other renewable fuslsould be achievedilthough not a member of the EU,
there is a possibility thalorway could becommitted to all the 20.20.20 targefs.present,
Norwayis negotiating theargets with EU

As a meas to promote thegenerationof renewable energy, Sweden incorpora&aeen
Certificates in May2003. Green Cerficates is a tradable commodityassuringthat a
prescribedamount of electricity is generated using renewable energy souincéanuary
2012,Norway and Sweden have an irtien to integrateNorway into the certificate market.

A joint electricity certifcate market will include a long term and binding cooperation to
develop renewable energy in Sweden and Norway.

Prospects for 2020, More Renewables

The three scenarioRecession, Renewableand 202020
are described in this report. The purpose ofsttenarioss
to recognize and examine future challenges a

24GW

77 GW

opportunities. In a joint SwedisiNorwegian planning ( e
study, Svenska Kraftnat and Statndtave identified the .
need for reinforcements in these scenarios. First — ..iow Gy <

&
6oy 4 :

reinforcements that already areeciled, secondly ph g 9w
reinforcements that are very likely toe realized and ; "

finally possible future reinforcementsThe scenario - SN
Recessioris characterized by low economic growth and =i

low level of integration between the EU countries. The

SwedishNorwegian @ergy balance is expected to be kept at the same level as today. The
scenariosRenewable+and 202020 have their emphasis on the climate. In the scenario
Renewabletinvestments into renewable power generation have led to a surplus of 30 TWh
in the SwediskNorwegian energy balance. In the scen@@202Q the 20202@8argets of

EU have been fulfiled and the surplus of the Swedlishwegian energy balance will
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amount to 40 TWh. As positive energy balances are expected in Sweden and Norway in the
near futuremostly due to a strong political will to invest in renewable energy gener#tmn,
future seems more likely to be close to the situatioReémewable+and 202020than the
situation in theRecessiorscenario. Moreover, with a large increase of renewabégggn
generation and a need to transmit a large electricity surplus to other syste2@2026
scenario is the most challenging scenario.

Transmission Patterns, NorthA South and Import/Export
The transmission pattern in the Swedish and the Norweg
trarsmission grids depends mainly on the inflow into hlgdro
power system and the distribution of generation ar
consumption. In Sweden, most of thedro powergeneration
is located in the north or the mid region, while nuclear a
thermal generation, awell as the main consumption, take ...
place in the south. The northern Sweden and the soutt™
Sweden are connected through several high voltage po
lines. In Norway, generation and consumption are more eve :
distributed, and the direction of the powerovfl varies | v
somewhat during the day due to the power exchange on
interconnection. In general, power flows from the surplus area
in the north to the deficit area in Midorway, and from the largeydro powermlants in the
west and central part of Norway consumption areas in the east and tdrtte¥connectios

in the south. Altogetheduring years with normal inflow, the power flows from the north to
the south in the Swedidlorwegian system. fiis pattern is enhanced during wet years and
weakened dung dry years.

A large increase ofiew generatiorirom renewable sourceasdescribed in the scenarios
Renewable+and 20202Q will enhance the current norfouth power flow, andvould

require considerablaeinforcemerg of the Swedish anthe Norwegiantransmission grid

The expected power surplus in the north and mid region needs to be transmitted to the large
consumption areas in the south, and further on as export on the interconnections to other
markets.

Reliable System Adequacy and Security of Supply
The SwediskNorwegianpower balancds positive bothin the short

andin the long run.The Swedish power balance is slightly negative .
during peak hours in a severe winter situation (one out of ten winters,
However, the total SwedisNorwegianpower balance is positive even A

in severe winter situations This is supported by the decision in June
2010 to allow for reinvestments in Swedish nuclear pgiaants

During the winter 2009/2010, it was shown that the Swedishtlaed I
Norwegian power systes are vulnerable to a common mode failure in

nuclear power generation. In combination with other problems, this ma)1 oo %
cause a difficult situation for the security of supply.

An expansion of the wind power generation in combination with a reduction ti¢hmal

power generation in Swedewould affect the systefs remaining capacitySubstituting
well-regulated thermal power for unregulated renewable power constitutes a challenge for
the security of supply. In case of peak demand and no wind, situation#as to those

which happened during the winter 2009/2010 could occur again. In such situations,
additionalinterconnection to other markets could support the Swedish and the Norwegian
system.

EU is initiating a shift from thermal power generation twer generatiofirom renewable
sources,all over Europe. Generally, this will increase the share of unregulated power
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generation, and thus the demand for regulated power generation. In this sense,
interconnection to other markets create a wiin situation. Theyutilize the fact that it is

highly improbable that a peak load and no wind situation will occur in a larger area. Thus,
interconnection will make it possible for Sweden and Norway to support othentries

with well regulated power, as well asitoprove the import capacity in situations with low
wind power generation in Sweden and Norway.

Need for Swedish-Norwegian Grid Reinforcements
Svenska Kraftnat (SvK) and Statnett have already carried
severalinvestmentdo handle an increased power flow frof
north to south. Amongst others, during the summer &
autumn 2009, the power line between Midreden and Mid
Norway was upgraded from 300 kV to 420 kV. Th
increased capacity improves the security of supply in-M
Norway. Furthermore, autumn 2009 Statnett commissione{
new line on the south coast, SkareHd@en, which

. . . . . § \‘v/}‘:he‘swmish
improves utilization of thénterconnectios. NG

The Swedish and the Norwegian transmission grade
tightly integrated Reinforcement of one netwogfects the other. Hence, the incentives are
strong for Svenska Kraftnat and Statnett to find solutions that are favourable for both parties.
In order to facilitate the management concerning operatiandlmarket aspects of the
transmission grigl aclose cooperation between Svenska Kraftnat and Statnett is inevitable.
This is for example taking place in the ScMttest Link-project which is a prioritized
project by bothT SOs

As mentioned Svenska Kraftnat and Statnétive identified the neefdr reinforcements in
the scenariofkecession, Renewableand 202020 On basis of these scenarios this report
presents reinforcements three steps: firstly reinforcementhat already are decided,
secondlyreinforcemats that are very likely to be realizedrd finally possible future
reinforcements.

Interconnections, Valuable for both Europe and Norway/Sweden
The need for newinterconnectioa to other markets is
related to security of supplyclimate policy andthe
econonic situation How many newinterconnectios to
other markets there will belepends offactors related tthe
future Nordic energypalance, future prices in different
markets (power, oil, gas, coal, CO2) and to future Europe

climate policy. <

The greatest benefit of a better imaigpn with other @% /
markets isan efficient use of generation resourc8sveden —~ y
and Norway are the only countries in Northern Euro
where hydro poweris a main ingredient of the electricit
power system. The reservoirs can store energy and regulate poweatgm at a low cost,
resulting in a flat price structure. A thermal power generation system on the other hand, has
no such way of storing energy. Moreover, it is expensive to start and stop thermal
generation. Therefore, markets dominated by thermatrgéion havea large variation in

the prices. The difference in prices will create profitability prospects for new transmission
capacity from Sweden and Norway to other markets.

From a perspective related to the expected energy surpiisninimum needofr new
interconnectioa depends on the chosen scenario which is analysetninimum need of
capacity to external networks in the least probaknarioRecessioris 5500 MW. In the
scenarioRenewable+the minimum neeaf capacityis 9500 MW. Finally, 10200 MW is
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required in the scenar202Q The current total capacity to external networkabsut 6900
MW. In addition,the planning process for FennoSkan2, NordBalt and &&tproceeded
quite far. These interconnectiomsll i ncreasehe total crossborder transmissiomapacity
from the SwedistiNorwegian system with 2100 MWo 9000 MW. Thereby the needof
crossborder tansmission capacitiy the scenarioRenewable+will be met.However, from
a perspective related to a commercial potential, even mpezitya could be profitable. This
aspect is not treated in this report.

No joint SwedishNorwegian ranking between interconnection projects has been made in
this report However, characteristics of the national power generation system inflnence
attradive differentinterconnectiorprojectsare For an example, there is a strong emphasis
on wind power development in Sweden as well as in the northern continental ELhigpe.

may infer reduced benefits of interconnections between two such areas as #ratigen
patterns may be very similar due to the impact of wind variations (surplus in both areas at
the same time). The generation pattern in the eastern part of Europe differs from the one in
Sweden. Tis could make interconnections from Sweden to tteeza part of Europmore
valuable. For Norway, interconnections to the western part of Eana@peery beneficial as
theywould help regulating the continental systélrhe different drivers will probably result

in a diversification of thdinterconnectiorportfoliod which is advantageous for the Nordic
countries with respect to stability and security of supply.

Other factors also affect the benefits of interconnections from Sweden/Norway to the rest of
Europe. Interconnections from Sweder generally shorter and therefore less expensive
than interconnections from Norway. On the other hand, both costs of internal reinforcements
and costs of transmission losses must be taken into account. Many of the Norwelyi@an

power plants with their egulating potential are closer to the mentioned interconnections
than the Swedish ones in the north. These are factors that must be evaluated in an overall
calculation of the profitability of suggested interconnection projects.

A common platform

Svenshk Kraftndt and Statnett afacing several common challengés the near future
Because of the close connection between the Swedish and the Norwegian power systems,
both companies find it valuable to search for joint solutions to these challdinigezport

focuses on four prioritized areas:

1 Security of supply
To ensure the security of supply Tos Svenska Kr af
maintain a high level of security of supplydspecially important now, in view of
the current and projected future needd uninterrupted power supply.
Subsequently, the security of supply isienportantdriving force in the majority of
thegrid reinforcement projects

1 More renewable power generdbn
Integrating more renewable power is onetltd challengeshat Svenska Kraftnat
and Statnett are facin@he connedbn of the new plantas well asreinforcing the
main grid is necessary, this alsokeep an adequate level of securifysopply.
More renewable power generatigthereforean importantdriving force inmany
of thegrid reinforcement projects

1 Reduced price differences
In both Sweden and Norway, there is a political objective to reduce the price
differences within the countriefReinforcementsof critical crosssections will
provide an important measure to reduce the price differences between the bidding
areas. Reduced price differen@s an important driving force in many of the grid
reinforcement projects
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1 Handling the increasing energy surplus
To accommodata large energy surplus in Sweden and Noradgitional internal
and external reinforcements are required. An increased export of clean power
would replace carbon intensive power generation and in turn contribute to the
efforts to reduce C@emissions.Handling the increasing energy surplusais
importantdriving force inmanyof thegrid reinforcement projects

Based on this common platform, Svenska Kraftndt and Stgtnesentthree stepdor
reinforcing the Swedishand the Norwegian transmission gsd The first step is a
confirmation ofalready announced reinforcements. All these projects are important for the
integration of the Nordic Electricity Market. Statnett and Svenska Kraftnét are working on
realizing these projectdhe second step includesinforcemets that are very likely to
come due to drivers such as additiogaheration from renewable sourc@hiese projects

are highly prioritized by both TSOs, however no final decisitave been takenThe third

step includes reinforcements that are described as possible future rendotse

=== Prioritized reinforcements
First step (Scenario Recession)

1.

9,

Nea-Jarpstrémmen

NordBalt (Decided)

(In operation) 2009
2. Fenno-Skan 2 (Decided) 2012
3. South-West Link, South
(Decided) 2013
4. Sima - Samnanger (Decided) 2013
5. drskog - Fardal
(License applied) 2014
6. Southern Norway, 300>420 kv 2014/17
7. Skagerrak 4 (Decided) 2014
8. Ofoten - Balsfjord - Hammerfest 2015

2016

== Prioritized reinforcements

18.

second step (Scenario Renewable+)

. Reinforcements out of Ofoten (ch.7.3.4)
. Svartisen - Nedre Ross3ga

. Serial compensation, cross-section 1

. Namsos — Trollheim/Orkdal

. Klebu - Aura, 300 2420 kv

. Shunt compensation, cross-section 2

. @vre Vinstra - F3berg, simplex=>duplex
. South-West Link, West

= = Possible further reinforcements

Third step (Scenario 202020)

a Nedre Rgss.-Grundfors, 220420 kv
b.Nedre Rgssaga—Klebu, 3003420 kV

. Further reinforcements cross-section 2

. Further reinforcements

Mid-Southern Norway

. Aura-Faberg, 300 3420 kv
. Further reinforcement cross-section 4

Possible interconnectors to
continental markets
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Introduction and Objectives

1.1 Introduction
Sweden and Norway kia a long history of cooperation in tfield of electric power supply.
This cooperation has mainly taken place within the Nordic cooperation prdéwedel

An important trend concerning electricity markets that has stramgact on Svenska
Kraftnat and Statnets theEuropearpolicy to createa single electricity market. Provisions

of the European 3rd Package have changed the form of collaboration, from the Nordic TSO
association Nordel, to the European association ENESE@ U6s ef forts to
emissions through the Climate Change Package anddistatere 20.20.2Qargets willbe
important frameworks that Svenska Kraftndt and Statnett must take into acéount.
congquence of the 20.20.20 targets will probably be a large increase of renewable energy
generationin Sweden and Norwayl herefore, the challenges Svenska Kraftnét and Statnett
arefacing are toconnectand adjust the transmission grids to pgwver genergd by these

expected new renewable energy plants. These challenges are examined in three scenarios:

Recession, Renewableand 202020 The scenarioRecessionis characterized by low
economic growth and low level of integration between the EU countries tiglscenarios
Renewable+and 202020 have their emphasis on the climate and consequently, large
increases of thgeneration from renewable sources

The results ofa common study on how to increase the capacity of the Scandinavian
transmission grid in theorthsouth directiorare presentedn this report In the studythe
benefits of possible reinforcements are investigatedtie scenarioRecession, Renewable+
and 202020 The Swedish and the Norwegian transmissionsgarcke tightly integrated.
Reinforcenent of one network affects the other. Hence, the incentives are strong for
Svenska Kraftnat and Statnett to find solutions that are favourable for both pahtes.
purpose of theeommon studywas to coordinate reinforcements in the Northern and Mid
Swede and Norway in order to find wiwin solutions. Through the proposed
reinforcementsSwedish and Norwegianommon objectivedike ensuring high levels of
security of supply anthcreasing transmission capacit@sild be reached.

In addition to gridreinforcements, e expected large increase of renewable electricity
generationin Sweden and Norway as well as on the Continent entastsoagneed for
effective and standardized arrangements for balance settlementteshorharketsaas well

as systemand balance services. Thisport provides generainformation about current
implementation of a common balance settlement in the Nordic countries and the Swedish
Norwegian cooperatioim these respectst also describes the methods of Svenska Kraftnat
and Statnett for congestion management

The power balance and security of supply of the Swelistivegian power systems is
described and discussdd. a year with average winter temperatur@siedenand Norway
have a positive power balandéowever, an expwion of wind powegeneratiorwill affect
the systerés remaining capacityReplaing well-regulated thermal power with unregulated
renewable power, constitute a challenge forgbeurityof supplybothin the short and the
long run. Measures to keep a satisfying level of the security of supply are discussed.

The advantages and altlenges forbuilding interconnectioa to neighbouring systemare
discussedBased on thacenariosthe needor of new capcity to other markethas been
analysed The moreggeneration from renewable sourdbat is established, the more capacity
is needed due to thewedishNorwegian need of exporting the positive balance d@unel to
the continental need of regulati of the large wind powergeneration Potential
interconnection to the UK, the Continent and the Baltic Statesatsedescribedcompared
andassessed
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This report aims at strengthening the support of the Swedish and the Norwegian
Governmentsod6 actions i n thdéhisadpartimsotaamnsanand ener gy
presenting projects that seenhiave positivesocioceconomicbenefis.

The SwedishNorwegian Grid Developmemeportis publicized at nearly the same time as
ENTSOE 6 $en Year Network Development Plan (TYNDRhd as Statnéd Grid
DevelopmentPlan This reportintends to provide a complementary perspectioe these
plans withemphasis on Swedidlorwegian cooperation

1.2 Objectives
The objectives of thiseportare:

I To describe trends and developments of the electricity market. Highlighted trends
are theEuropearpolicy to createa single electricity marketnd EUs work agairst
climate changes.

1 To present theesuts of the common SwedisNorwegian studyn how to increase
the capacity of the Scandinavian transmission grid in the +sorth direction.
Through the study, Svenska Kraftndt and Statnett wish to build consensus
concerning common grid developmerni$is common tudy is an important padf
the preparatory work foadapationto the 20.20.20 legislation

I To present three scenarios for year 2020 and to examine fabhaleengesand
opportunitiesn these scenariosin addition, the scenarios are used in¢henmon
studymentionedabove

1 To describe and discuss the system adequacy and security of supply of the

SwedishNorwegian power systems.

To provide upto-date information of planned and ongoing grid reinforcement

To support measures to reach common tarf@tsSvenska Kraftnat and Statnett,

i.e. to ensue high levels of security of supply and to find efficient market

arrangements.

I To presenttomplemerdry perspective on theTen Year Network Development
Plan (TYNDP) of ENTSOE with emphasis on Swedidkdorwegian cooperation.

E ]
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2 The Swedish-Norwegian Cooperation

The first section describes the historical context of the Nordic electricity cooperation, with
focus on the SwedisNorwegian cooperation. The secosgkction gives an account of other
Swedish, Norwegian and European development plans.

2.1 The History of the SwedishNorwegian Cooperation

2.1.1 The Starting Point
The opening ofthe railway between

Kiruna and Narvik inte early1900s ., gd/m
was the startingoint of the Swedish >
Norwegian cooperation on electri( ﬁ

power. In the 1960sthe planning of ;ﬁ

the Nea power plant at the borde

between Sweden and Norway starte| /

Nea was supposed tosupply i j‘
Trondheim, but the plan was to builc

the power plant with a larger capacit o5 &4 p

than the expected demand. To g &= NP

capital, a cooperation with Stockholn y ‘

electric company started. The repa & Qe e

should be done by electricity delivery e D

to Stockholm. An interconméion g / 4
from Nea to the Swedish grid way S )

built. However, because of low - > V
generation the first spring during ‘ U

which Nea power plant was running LA  "*

power was actually flowing from
Sweden to Norway. This clearly

showed  the  usefulness  OFjgyre 2.1The Swedish and the Norwegian

interconnections and contibuted 10 yransmission gridsat 300 kV and 400 kV
further caperation.

2.1.2 Nordel

In 1963, Nordel was established as ardNc caperation program in the field of electric
power supply. From this time on, most of the cooperation between Sweden and Norway
took place within Nordel. During the 1960s|e@ric power consumption increased
considerably, and the opportunities for linking together different kindgyesferation
resources and for creating shamgeherationreserves attracted greater attention. Benefits
from coordinating the expansion and thegermation of the grids werexplored In 2000
Nordel was transformed intan associion solely for the Nordic TSOs, due to the
restructuring of the power industry during the 1990s.

Until mid 2009 the Nordic TSOs have continuously cooperated within Nofitee Nordic
TSOs have e.g. conducted joint studies of how the Nordic electricity network should be
developed. In 2009, Nordel wasplaced byhe European TSO association ENTFEO

At the same time as the European cooperation was intensified, SveadksKand Statnett
paid attention to the advantages of a better Swed@iwegian coordination of the
transmission networks. In 2008, Svenska Kraftnat anatn&t initiated a strategic
cooperation. Since then, several Sweelbrwegian projects have sted, e.g. analyses of
power flow and grid developments in a joint Sweedi&rwegian perspective.

Page: 13/65



2.1.3 Nord Pool

An important step of the Swedidtorwegian cooperation was the establishment of a
common marketplace for electricity power contracts, Nord Poold Nrwol was born in

1993 as a Norwegian power exchange called Statnett Marked AS. In June 1995 the energy
ministers of Sweden, Norway, Denmark and Finland declared that a common Nordic
electricity exchange should be established. At that time Sweden ddoidkgtegulate its
electricity market. From January 1996 Statnett Marked became a Syviahsigian
electricity exchange. As Svenska Kraftnat purchased 50 % of the shares of Statnett Marked
AS the exchange was called Nord Pool ASA. Todsp Finland and Demark have joined

Nord Pooland Energinet.dk and Fingrid own shares of the physical power exchange Nord
Pool Spot together with Statnett and Svenska Kraftnd#larch 2010Svenska Kraftnat and
Statnett sold Nord Pool ASA to Nasdag OMSince then they amolely owners of shares

of Nord Pool Spot.

Nord Pool is divided ito a physical and a financial markahd is today two separate
companies The physical market is called Nord Pool Spot AS and consists of Elspot and
Elbas. Elspot ishe common Nordic market for trading physical electricibntracts with
nextday supply, ancElbas is the common Nordic physical balance adjustment market. In
addition, the Elspotnarket includeghe Estlink area inEstonia while the Elbasnarket
includesthe Kontek area in Germany.

The financial marketNord Pool ASA provides the market with financial instrumergince

its start Nord POOASA has increased its diversity of financial instruments. Today Nord
Pool ASA offers contracts of up to six yeamduration, with contracts for days, weeks,
months, quarters and years. Tivancial power exchangealso provide a carbon market,
where trading and clearing of EU emission allowances (EUAS) is executed.

2.1.4 SystemOperation

In the first years after the estabiment of interconnections, the two countries were balanced
separately using the Area Control Error (ACE) as input for control actions in each country.
Gradually the countries started to cooperate ussgurce®f each othefor balancing. The
exchangeof power between the TSOsas determined as hourly contracts. In 2000 a
common bid list for the regulatingower was established at the balancing market. The other
Nordic countries joined the arrangement and in 2003 the use of ACE as the input for
national balancing was abandoned in the Nordic region (except for Jutland). Svenska
Kraftnat and Statnett share the responsibility for the balancing of the synchronous Nordic
system. Consequently, the two TSOs have developed an especially close relation in many
areas related to system operation. Lately this is proven in several bilateral development
projects.

2.2 Other Grid Development Plans

221 St atnettds Gri d PowevrSydtempRepernt Pl an and

Statnettds grid devel opment plan is published each
Report f or tFbces isMa lormgernGahdllehges for the transmission grid, but
also for the power system in general. The plan isbioding. The grid devefament plan
aims at informing Statnettoés external stakehol ders
1 development aspects of the power market and the physical power system
1 the plans for the main power grid.

2.2.2 Nordic Grid Master Plan

Nordel published the first plan in 2002. It was based wgwergy balance calculations and
identified crosssections where reinforcements could be made. Two years later, an analysis
of the potential for new investments in the Nordic electricity transmission infrastructure was
carried out. The resulting grid deweiment plan proposed grid reinforcements in five
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prioritized crosssections: Fenn&kan 2, NealarpstrommenSouth Link, the Great Belt and
Skagerrak 4These reinforcements are shown in Figure Bdr of these five projects were
decided in 2005the las project was decided in 2010. Two of these projects are already in

operation, the rest are planned loe i n operation before 2015.

development plan was published in 2008 and identifiesteffective reinforcementsn
scenarioprospectdor 2015 and 2025These were the Soutlvest Link, @rskogrardal and
OfotenBalsfjordHammerfestasillustrated inFigure 22.Nor del 6 s pl ans wer e
Nordic socieeconomic perspective.

=== Previously proposed

1. Fenng-SkanII (Decided) 2011
2. Great-Belt (Deciced) 2010
3. Nea-Jarpstrommen (Decided) 2009
4. South Link (Decided)® 2014
5. SkagerrakIV (Letter of Intent) Prel. 2014

= Proposals for possible
new reinforcements
- 6. Sweden - Norway (South)™

SouthWest Link Prel. 2015
7. Sweden - Norway (North-South axis)

@rskog - Fardal Prel. 2013
8. Arctic region Prel. 2014

Ofoten - Balsfjord - Hammerfest

= Combined in the "SouthWest Link”

external rei
(Not prioritised)

------ Reinforcements requiring
additional analysis

9. Finland - Sweden

National reinforcements of
importance to the Nordic grid

O Decided or planned
- Under consideration

Figure2.2:b 2 NRA O D NJ R (2@08)gridrifisdd reinfolcgm@nis in the Nordic Grid

2.2.3 ENTSOE TenYear Network Development PlgmYNDP)

ENTSOE wi | | publ i sh a gr i @enYear WNetwok Deaveloptmentp | a n
Pl ano, every second vy éeiading plan wilh vetbasedgpn dommo 0 1 0 .
scenarios of the expected development of the European transmission grid, and will identify
infrastructure investments gaps. Through the plan, ENES@ll communicate how the

grid will fulfii the European objectives of maintaining and improving the ggcofi

electricity supply, promoting integration of renewable energy sources and promoting the
internal electricity market.

Baltic Sea

|
RS
F Continental CE
Continental CS

\

Continental SW

' Continental SE
N

Figure2.3: Theplanning areasf ENTSEE.
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3 The Nordic and the European Market

This chapter focusesn policyissues The first sectiondescribes the development of the
Nordic and the Europeamarketswith focus on the energy policy of Ethesecondsection
describes theClimate Change Packagend theSwedish and the Norwegian work to meet
the 20.20.20 legislation. Thehapter is concluded by a description tife Swedish
Norwegian work with green certificates.

3.1 From a Nordic to a European Market
Through new and existingterconnectios, the Nordic power
market becomes more integrated with the European po
market Thedifferent characteristics of the power productig
systems in Sweden and Norway and the rest of Europe n
interconnections to external transmission grids valuable
several ways; e.g. by transmitting power and offeri
regulation services between areashwow and high prices.| =
Consequently, amore efficient power flow due to better
utilization of resourcegan be expecteds the transmission
capacity to external transmission grids and thereby
international power exchange increasdswever,it should
be mentionedthat a more integrated European electric
market requires efficient market arrangements. Theref
European TSOs, including the Nordic focus on conditions Figure3.1: TheNordic
efficient trade solutions market and its
interconnectionswith the
The security of supply and effective utilization of thEuropean market.
generation resources have long been the main driving forces
for integration of the Nordic electricity market into the European. However, in recent years
the continuously growing amount of power renewableshas becomean increasingly
important driving force for the integration of the markets.

The European energyolicy plays a central role in the integration of the markéts.
important part of the European energy policy is the 3rd Energy Package which the
Commission proposed in 2007. The intention of this package of legislation, on the internal
electricity and ga markets, is to provide a new framework for competition in the energy
sector.Besides the increased competition, cleaner energy and security of supply are at the
centre of the packag&he package consists of proposals for:

1 Separation of electricity geraion from transmission grid owners.

I Anassociation for cooperation of regulators, Agency for the Cooperation of Energy

Regulators (ACER).
9 Thecreation of European Networks of TSOs (ENTSO).

The package also contains regulations on TSO cooperation oegibeal level. It is stated

that regional investment plans should be worked out within the Eurdg@rcooperation.

It is also stated that the member states are to cooperate and promote the regional cooperation
between TSOsWithin the package the ENTSBwill get a formal status in relation to the
Commission.

The political movements towards a single European electricity market are important for both
Svenska Kraftndt and Statnetsrge investments in the grids are necessaryneet the
objectives of EU ad to integrate the negeneratiorfrom renewable sources

3.2 The Climate Policy of the European Union

i Implications for Sweden and Norway
The European Commi ssionds Cli mat eEur@ppamnge Package
Council in early 2009. The Climate Change Package contains toalled 20.20.20
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legislation which declares the ambition of the European Union to fight climate change and
promote renewable energy up to 2020 and beyond. The 20.20.20 legisétidres the
membes of EU to cut emissions by at least 20 % of 1990 levels by 2020.

The emission target is supported by three objectives, which all should be achieved until

2020. First there should be a 20 % reduction in energy consumption through improved

energy efficiency. Secondt her e should be an increase in renewab
consumptiorto 20 %. Finally, as a part of the renewable energy effort, there should be a 10

% share of sustainably produced biofuels and other renewable fuels in transpachin e

Member State.The improvement of energy efficiency is a key objective of the EU.

However, the improvements to reach this target are hard to measure and therefore it is a non

binding target. Although not a member of the EU, Norwayld becommitted taall of the

20.20.20 targetdNorway is negotiating their targets with EBach member state in EU has

to clarify how they will achieve the targets in a national action plan by latest in June 2010.

The European Union as well as Norway has played impordées in the work of the United
Nations to combat climate changes, e.g. by urging ftmeulation of United Nations
Framework Convention on Climate Chan@#NFCCC) and theKyoto Protocol The last
climate change conference was held in Copenhagen in Decembem2@0&nferencelid
not result in any substantial agreememtdeadline for such agreement.

3.2.1 20.20.20Legislation inSweden and Norway

Renewable Energy

The climate change package will have a significant impact on the Swedish and the
Norwegian electricity market. Sweden has an ambition to increase the eleggicésation

from renewable sources with 25 TWh until 2020, compared tgéheratiorof renewable
electricity in 2002 through the electricity certificate syst@# (Green Certificatgs Norway

is still negotiating their targets with EU and the results are yet umkno

Precise targets for each generation type are not specified by the governments, but large
investments in wind powegeneratiorare expectedwvhich will change the system structure

of the Norwegian anthe Swedish power systems. ConsequencesSf@nska Kraftnat and
Statnett will concern local grid investments for ceating the wind farms and
comprehensive reinforcements of the transmission networks in order crease
transmission capacitiel addition, the variable output of wind power geatem affects the

market design and system operatiofise newwind power generation will require effective

and standardized arrangememsdgystem and balance servicestherreadingin Chapterd
Activities for a Joint Market and System Operatidevebpmeny.

Carbon Capture and Storage

The Swedish government will strive to connect one of the planned demonstration plants for
Carbon Capture and Storage (CCS) to the Swedish industry. In the present situation, there
are several major egoing CCS projects in Norway. The Norwegian governnagit Statoil
collaborate on a fulscale CCS plant dflongstad. Another project plans to retrofit carbon
capture facility at the Karstg gas fired power plant.

EnergyEfficiency

The Swedish target is to reach a 20 % gain in energy efficiency until 202@&vdg the

proportion of the gain in energy efficiency for the electricity consumption is not specified by

the Swedish government. To reach a 20 % gain in energy efficiency until 2020, 1500 million

SEK is invested in an energy efficiency programme whidhbeiimplemented during 2010

T 2014. The programme aims at energy efficiency activities in municipaléties,in the

industry. 117 companies with an aggregated electricity consumption which corresponds to a

fifth of Swedends t baveachosea to@articipaie mithe prog@mnmmes u mpt i o n
The programme will focus on raising the awareness of the opportunities of energy savings in

the companies.
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The main vehicle to promote energy efficiency and renewable energy in Norway is Enova.

Overthelastg ar s Enovab6és budget hashasabodgetcf8@@ d substanti al
million NOK in 2010. Energy efficiency is also promoted through otherskafdneasures

like tougher building codes, eco labels and standards, targeted duties and taxes.

NuclearPower

A parliamenary decisiorhasin June 201Meen takemroncerning théegislation for nuclear
power. The legislation will gain legal force idanuary 2011Since the nuclear power
provides electricity with lomCO2 emissions,the process ofphasing outof the nuclear
power supplywill be cancelled In addition, the prohibition to build new reactavdl be
cancelled The new legislation alloswthe building of new reactors provided that they will
replace one of the ten currently existing reactors in Smede

3.3 Green Certificates

Green Certificatesor Renewable Energy CertificatdRECSs) are tradable comnalities

proving that certain electricity is generated using renewable energy sources. The Swedish

system for green certifcieddatidd cias ecalylse@mdThdhel sgitsi
been a part of Swedends long t &Map200nEegy policy and
system aims to reduce the emission of greenhouse gases by promotgen¢hationof

renewable electricity in accordance with Hlective 2001/77/ECFrom January 2012

Norway will be integrated in the certificate market. A joint electricity certificates market

will include a long term and binding cooperation to develop renewable energy in Sweden

and Norway.

The Swedish Energy Agew has recently proposed a new goal for the electricity certificates
mar ket t o me e tlegisldtien. Thdn@ws objaclive 6f 2h8 electricity certificate
system is to increase the use of electricity from renewable energy sources by 25 TWh by
year D20 compared to the situation in 2002. Norvigyexpectedo have an objective as
ambitious as Sweden, when they join the certificate system. The Swedish electricity
certificate system is technology neutral; in other words it covers various kinds of daewa
energy sources. The common Sweeikirwegian system will also be neutral to technology
There are plans to develdpe Swedish electricity certificate system to an electricity
certificate market for several countries in addition to Norway.

Electricity consumersare obligated to support the renewable electrigjgnerationby
purchasing certificates corresponding to a certain proportion of the electricity use. Producers
of renewable energy which are approved by and registered at the Swedish Energy Agenc
receive electricity certificates in relation to thejeneration Each MWh gives one
certificate. The producers sell the certificate and receive revenue in addition to the revenue
they receive from selling the electricity. Commercial electricity suppléee obligated to

buy electricity certificates in relation to how much electricity they sell.

The electricity certificate system is expected to bring forth a large increase of renewable
energy in Sweden as well as in Norwdhe electricity certificate system will provide the
framework for increasing the capacitpf renewable energygeneration However, the
location of the nevgeneratioris hard to predict. This will be discussed furtheséttion5.4

Wind Power Generatiortlow Much, Where and When?
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4 Activities for a Joint Market and System Operation
Development

The expected large increase of renewable electricity generation in Sweden and Norway, as
well as on the Continent, leads to a need for effective and standaatizstyements for
system and balancingervices. This chapter provides general information about current
implementation of a common balance settlement in the Nordic countries and the Swedish
Norwegian ooperation on system and balanciservices. It also deribes the methods of
Svenska Kraftnat and Statnett for congestion management.

4.1 Dirivers for System and Balancing Services

Balance between the total electricity generation and the total consumption in real time must
prevail. This can be a challenge in a grid where generation and consumption are located in
different areas, especially if there arengestios within the grid. Sgtem and balancing
services are tools to ensure a satisfactory operational reliability in the power s$gdam
servicesare used for the instantaneous balancing of generation and consumption

The distribution of generation and consumption in the ,gtige regulation ability of
generation units, bottleneckstweenareas and power exchange imterconnections are
driving forcesfor system and balancing servic&ue to the large generation capacity of
hydro powerthrough reservoirs, the Swedidgiorwegan power system is very flexible.
However, the expected increase of fluctuating renewable power generation will, together
with newinterconnectioa to other markets, create challenges in the operation of the power
systemandthusbe a driver for new andkeended system and balancing services.

Frequencyquality of the Nordic syrfronous system has decreased in recent years. The
main reasons for thigrelarge and frequent changes in the power flow caused by increased
market adjustmestby the power prodwers as a response to variations in consumption and
exchange oveinterconnectios. It is expected that moieterconnectioa to other markets

will further decreas¢éhefrequency qualityunless preventiveneasures are taken.

Interconnectioa to other markts make it difficult to balance the system, especial
handling changes in the power flow orterconnectioa and to ensure sufficient regulating
power in periods with high or low consumptig@hanges in the power flow on cressrder
interconnectionauswally occur at the same time as changes in consumption, resulting in
large variations in power flows. Situations with low load and high unregulated power
generation may also increase the need for dmgnlating reserves.

4.2 SwedishNorwegian Developmenbf System and Balance Services

To solve the challenges posed by increased fluctuating poeeerationand more
interconnectiog, the Nordic TSOs have focused on operational cooperation and on
developing different harmoriizg means. One example is that Svenska Kraftnat and Statnett
are cooperating to implement a centralized, automagserve calledLoad Frequency
Control (LFC). The objective of the LFC is to improve the frequency quality and system
security Improved frequenc quality and system securityill provide fewer restrictionsn

the market due to ramping on HVBfterconnections facilitate the European market
integration andnakeit possibleto offer system services to the Continental Euriope large
extent In asecond step, the objective is to extend the kd-@e entire synchronous Nordic
system.In addition an improved and more controlled planning and executiageoération
changesre essential in order to maintain frequency quality within acceptable. limits

Svenska Kraftndt and Statnett are also cooperating in a project regarding a common
marketplace for primary reserves. As of today, the TSOs have different routines, e.g. rules
regarding time periods and price setting and when to purchase primary re3éeesore,
Svenska Kraftnat and Statnett investigate the technical and market oriented prerefquisites
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harmonizing procedures. The project aiaipresentinga solution thaultimately can be
implemented in all Nordic countries.

As apart of the gttegic cooperation between Statnett and Svenska Kraftnat, a project was
established in the first quarter of 20@develop grincipal model and a decision document

for a common balance settlement in Norway and Sweden. In the later part of the froject
was decided to establish a new projecerehFingrid and Energinet.dk also wareluded in

the procesdt is assumed that new laws can be decided formally by May 2011, and that the
market players will need a one year adaptation period. At the ealiestnmon balance
settlement can then be operational by May 2012.

Efficient market mechanisms for lostgrm, dayahead and intraday markets can be
important tools to handle the challenges posed by unregulated gewerationand new
interconnection. Today, the capacities of threerconnectioa between the Nordic countries
are exclusively allocated for dahead tradeHowever, to improve the function of the
market,it could be beneficial to allocate a part of the capacity to other time framedairan
ahead. Crosborder intraday trade would providtecreased trading opportunities and means
to control balancing risks. It might aléacilitatethe national intraday trade.

4.3 European Need for System and Balancingevices
The estimated net generation mixes

|

the European countries in 2020 ai 2020

shown inFigure 4.1. For an example, = Nuclear Poser i

Germany expects that wind power wil Fousil Fuls . \

make up almost 40 % of its ne RES Capacity (axcl Hydro) | {; TG
. . . 77 G) |

generationcapacity in 2020A large Hydro Power ;

amount  of intermittent power ® Other 'm

generation in Europe will create a larg
need for system and balancin
services. With its large share of clea

and cheap regulating power, th sx1% 8EGW
SwedishNorwegian system has a soli - \
product to offer Cotinental Europe. e VORU
The new interconnection that is . *

planned  between Norway ant <
Denmark,SK4, will be the first of its

kind in Europe where a part of the
capacity is reserved for system ar..
balancing services. Assuming the . . .
current plans for establishment oéw Fgure 41: Estimate of thenet generation mix
power generation in Europe are carrie¢ In 2020 (data from ENTSE).

out, there will be an energy surplus not

only in Sweden and Norway, but also in large parts of Eutopgards 2020. De to
generation characteristics, it is far more expensive to regulate the generatioimeimal
dominated power systemké the Continental European qgnihan in a hydro dominated
power system, like the Swistt-Norwegian oneTherefore, the demand for these services is
expected to increase in the coming years.

Sweden and Norway willlso benefit from the opportunity to import system and balancing
services in certain situations. Already today there are periods edresumption can be
covered by unregulated power generation and-pgoeed imports from thecrossborder
interconnections.

Cross-border exchange may pose challenges for the operation of the powem.sys

Nevertheless, it will be aecessaryingredient to facilitate the implementatiaf large
amounts of wind powerto take advantage of complementary generation mikas,
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transmittng electricity surplus todeficit regionsandnot leasffor the exchange of regulating
power. Several studies (e.g. EWIS) have shown the importance of new grid investments
pointingout the necessity of sufficient availability of flexible resources.

4.4 Congestion Management

In the long termstructural congestion can be relieved by building new infrastructure, i.e.
transmission lines and associated switching statidnsthe short term congestion
management methods are used to limit the flows of edégtthrough the system to levels
determined by security criteria of the system. The methodshararea price model with
pre-defined bidding zones ithe market andounter trade in the opposite direction of the
congestionlt is also possible to combirtee two methodsCurrent practice in the Nordic
area is the last alternative. The use of bidding zones will result in different market prices
when congestions occur (market splitting).

Congestion management methods have been discussed betevdknmdh TSOs for several
years An advantage witthidding zoness thatthey makeactual capacity constraints in the
system apparenthrough prices differences when the market is .sglibnsequently,
congestion management through-pedined bidding zones lead tnorerepresentativepot
pricesand facilitates a rational allocation of resources. On the other hand, a market with
several bidding zones increases the risks for the market actorsededtnieity spot market
prices will be harder to predict, than in a system which is treated as a single bidding zone.

Since the Nordic market model was established in 1996, Sweden has been treated as a single
bidding zone. Thus the Swedish market has had a singke firansmission capacity in the
Swedish national transmission network has usually been sufficient to meet domestic
SwedishneedsHowever,the frequency oftongestios hasincreased since the liberalization

of the electricity marketThe European Comnsin expressed & concernsthat Svenska
Kraftnat's actions to limit the capacity at the national bortteevent internal congestions

are not in accordance with the competition law of EU. In order to comply with the
Commission, Svenska Kraftnéfferedcommitmentgo subdivide the Swedish transmission
system into four bidding zones defined by the three esestions (msssectionl, 2 and 4)
where congestion occur§hesecommitmentswvere adopted in April 2010 by the European
Commission andSvenska Kaftnat will operate the system on this basis from 1 November
2011.

Congestion management in Norway is handled with bidding zongsplemented with
counter trade within the bidding zon&orwayis usually divided into two or three bidding

areas but depending on the physical conditions Statnett sometimes defines additional
bidding areas. On 11 January Statnett introduced a fourth bidding area because of reduced
capacity on the 420 kV line Rddade. On 15 March 2010 a fifth bidding area was
introduced by Statnett. This time an additional bidding area was required because of a
possible lack of energy due to low reservoir conterthénSouthiWest

4.5 Summary of the Chapter
System and balancing services arrange for an efficient utilization of unregulated power
production as well aipterconnectios.

The balancingf the Nordic power system takes place in close cooperation beSveaska
Kraftndt and StatnettThe power sy'ems ofthe two countries have characgtiés that in

many situations will benefit from interactiolm addition these services will be better used
when optimizing over a larger area. The exchange of system and balance services requires
transmission capéity. The opportunity for both countries to obtain gains from cooperation

on the system and balancing services will incrélasgighstronger interconnection

Sweden and Norway are also about to start using the same principles for congestion
management. B using bidding zones in both Sweden and Norveapacity constraints in
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the systenwill be morevisible due to price differences. It is expected that the bidding zones
with equal price will change to some extent, and that the common Swiéaliglegian
cross-sections will be the border for such areas, rather than national borders. In case of
frequentcongestionsnd significant price differences, benefits of reinforcing the grid will be
very obvious, and an important driver for a more efficient power system.
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5 Prospects for the Energy Balance
- Demand and Generation Scenarios, Year 2020

This chapter describes the prospects for the future energy balance in Norway and.Sweden
The first section describes drivers for the energy balance. The second section describes the
shortterm prospects for the Swedisind the Norwegian energy balance. The sections
thereafter focus on the lortgrm prospectsThe prospects are defined as &imoin Figure

5.5 as a status of the system today, as short term p=igr2012 and asthree different
developmentgo year 2020. The three different prognoses for year 2020 are called
Recession, Renewable+ ap@2020

5.1 Drivers for the Energy Balance

One of the main drivers for the energy balance is the green certificates. The electricity
certificate system is expected to bring forth a large increase of renewable energy in Sweden,
and in Norway, when the system is implemented thEmetarget forthe Swedish certificate
system is 25 TWhNorway is expectedto have as ambitious objectives as Sweden. In
Sweden the main alternatives for new renewable engegwerationare wind power and
biofuel plants. In Norway the new renewable eneggyerations expeted to come from

hydro powerand wind power.

As both Sweden and Norway hakgdro powerdominated power systems, the inflow into
thehydro powersystem is the most influential singlector of the electricitygeneration

Political decisions concerninthe nuclear power influence the electricity generation and
thereby the energy balande. June 2010the Swedish Parliament took a decision to allow
reinvestments irexisting nuclear poweplants In addition the process of phasing out the
nuclear power @&s cancelledThese decisions aieportant in order taensure a Swedish
Norwegian energy surplus

On the demand side, factors esonomic growth, industrial activity, demography, climate
change and energy efficiency affect the energy balance. Another factor affecting the power
demand is fuel prices, e.g. high oil prices encourage switching from fossil fuels to electricity
by e.g. replacing fuedil boilers with heat pumps. Changed constiomp patterns due to

new technology are also drivers for the energy balance. For both Norway and Sweden the
industry are a big consumer. In Norway the development oémleegyintensive industry

(e.g. alumingproduction) and petrolewnelated industry areery important for the@utcome

of thefuture total consumption. For Sweden the pulp/pédpeustryplaysan important role.

5.2 Past Trends and Short erm Prospectsfor the Energy Balance

5.2.1 PastTrendsfor Generation

In Figure5.1 Swedish and Norwegiaret generatiorcapacitiesn year 2009%re shown.In
Table 5.1 the Swedish and the Norwegian electrigégerationin year 2008 and 2009 are
shown.The SwedishNorwegianpower system is a mixduydroand thermal power system.
In an average/ear,hydro powemakesup 50%, thermal power 48%, andind power 2% of
the total power generation The generationcapacity in Norway consists mainly bfdro
power(98%), while thegeneratiorcapacity in Sweden consists of 45Hdro powerand 45

% nuclear power iran averge year.Lengthy stoppages, due to e.g. diffieed with the
capacity upgradeén the Swedish nuclear plantsesulted in a reduced nuclear power
generatiorin 2009.This explains the low share of nuclear powenerationin Sweden in
2009 inTable5.1.
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Sweden Norway  Sweden and Norway The Nordic Countries
35,3GW 31,0 GW 66,3 GW 96,8 GW

29%3% 14%

4% 7%
B Hydro power M Wind power MNuclear power W Otherthermal power

Figureb5.1: Net generation capacity2009.Data provided byENTSEE.

Generation Sweden Norway Sweden and Norwa
(TWh) 2008 2009] 2008 2009 2008 2009

Hydro power 68,4 138,8 128,3 207,2 1936
Wind power 2,0 2,5 0,9 1,0 2,9 85
Nuclear power 61,3 50,0 0 0 61,3 50,0
Other thermal 14,3 15,9 1,2 3,5 15,5 19,4
power

Sum 146,0 133,7 140,9 132,8 286,9 266,5

Table5.1: Electricitygenerationin Sweden(Statistics Swedenand Norway(Nord Poo),
2008and 2009.

The Swedish and the Norwegian electricity markets were deregulated in 1996 dnd 199
respectively. Before the deregulation in Norway, tegianal suppliers were obliged to
provide unconstrainecpower supply innine out of ten years.his resulted in & erergy
surplusin years with average water precipitatid®ihen competition was introduced into the
power market, ths surpls was reduced. In Figuge2, the consumption angkenerationn
Sweden and Norway during 2009 are illustrated.

2009

3500 3500
3000 | 3000 «/ﬁ\ j{
2500 1 2500 3\
2000 £2000 \‘A"Y/ /

% \'\/"/

1500 1500

Gwh

1000 1000

500 500

0 0
1 5 9 13 17 21 25 29 33 37 41 45 49 53 1 5 9 13 17 21 25 29 33 37 41 45 49 53

—— Consumption SE ——Production SE —— Consumption NO Production NO

Figure5.2: Generationand consumption in Sweden and Norwaluring 2009.

In 2009 the total electrity output in Sweden and Norway was about 134 TWh and 133
TWh, respectivelyThis is somewhat less than in 2008. Swedenthere wereproblems
concerning the capacitypgrade of several nuclear power plaiise nucleaigenerationin
2009 can be compared to the all time high nuclear p@saerationin 2004, which was
about 75 TWh.In Norway, differentreservoirfilling at the beginning of 2008 and 2009, in
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addition b less inflow in 2009, contributed to a reduction in Hyelro powergeneration
from 2008.Wind power in Sweden and Norway increased its tgéaleratiorto 3,5 TWh
which is still a marginal contribution to the total Swedibrwegian power supply.

5.2.2 PastTrends forConsumption

In Figure 5.3 the Swedish anthe Norwegian electricity consumption for the perio®@9
2009 are shown. In recent yeattse growth inconsumption has flattened out. The trend of
nongrowing consumption has been attributed to ineesan electricity prices, mild winters,
and increase@nergy efficiency As an example, the Norwegian consumption dutimg
period 2002007 has been on average 3.1 TWh lower thihe expected consumption
corrected for temperatukariations

160

150 =

140 — —

130

=

|§1zo
/\/\
110 =

100 +—
90
80 T T T T T T T T T T T T T T T T T T T 1
1990 1993 1996 1999 2002 2005 2008

Sweden =—— Norway

Figure5.3: The Swedish and the Norwegian electricity consumption during the period
1990-2009.

The electricity consumption idoselylinked to economi@ctivity. Since he financial crisis
began in 2008, it has contributed to a reduced power demand, espacglbrgyintensive
industries, triggered by a fall of raw material prices. Even before the financial thisis,
pulp and paper industmnywas struggling with profitabilityand prospects ofaidvnscaling In
2008, the SwedishNorwegian power consumption deased mostly due to the financial
crises. In 2009 this trend continued, and the power consumption declgaabdut4 %
compared to 2008. e Swedish and the Norwegian total electriaitynsumptionin 2009
were about 138 TWh and 112 TWh, respectively. 2009 was a milder year thageavera
which makes the temperatuadjusted consumption somewhat higher.

5.2.3 Energy Baance for Sweden and Norway, 20&1%d 2012

Short TermProspects foGeneration

Due to tle electricity certificates system, a large increasegeferationfrom renewable
sourcesis expected in Sweden in a near futuBesides the increasegknerationfrom
renewable power sources, the upgraafethe Swedish nuclear power plants Hay
significant rolefor a strongenergybalance in coming years) spite of proposals to close
downoil and coal power plants.

The power balancén Norway is likely to bestrengthenedh the coming years as wellhe
new gas power plarit Mongstadwill contribute to this.Furthermore, s.a part of the
climate policiesthere isa strong political drivao invest in renewable ergrgeneration
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ShortTerm Rospects foConsumpibn

In the coming years, the Swedish and the Norwegian electdoifgumption rates are
expected to be slightly reduced due to increased energy efficiency, efforts to reduce
environmental impact, higher fuel and electricity prices and due to the economic downturn
since autumn 2008.

Energy Balance 2009 and 2012

In Figure 5.4 the energy balances for Sweden and Norway in 2009 are shown together with
prospects for year 2012. Sweden had a 4 TWh negative energy balance in 2009, while
Norway had a positive energy balance of 9 TWh. As a matter of 2868 was a very
abnormal gar, especially for Sweden. Tlgenerationwas much lower than in a normal
year, because of very low nucleg@neration Also the consumption was much lower than in

a normal year, this because of the financial crisis.

Due to expected increase generatn capacity, higher inflow andeduced consumptiom,

positive energy balance is anticipated in the coming yddues balance for an average 2012
year is shown to the right ligure5.4. Expected changes in the energy balance discussed in
the previous sections are incorporated into this figure. As the figure shmmway and
Sweden are expected to be surplus areasif.Zbspecially Sweden is expected to have an
increased positive energy balance. This is both related to the expected upgrade for the
Swedish nuclear power plardad toincreasedjeneratiorfrom renewable power sources

Energy balance Energy balance 2012

B,
Average of all inflow years “S/J i S

Statistics 2009 LV ~4
2 2 (R,
A I
et \L
Norway Jt‘yfc )
Norway / (\
P 133 0 F
P 1328 / r
c 1237 “an s S
B - AV S
~ '.( ,J”
:{' | *2 A
29 FI L} A .{\,
) Sweden P - Praduction Cas ] 4 Sweden
P - Production € - Consumption L 3
C - Consumption P 133.7 B - Balance without 3 H P 164
B - Balance without C 138.3 energy exchange oxi® \ & { L 148
energy exchange m 3 B 16
. All units in TWh HLo 4‘—\ —
All unitsin TWh =
3. FL
NL .

Figure5.4: Energy balancstatistics 20@ (left) and expected energy balance in 2012
(right).

5.3 Prospects for Year 2020

Svenska Kraftnat and Statndtve developedprospectsfor the future electricity market

situation in order tanake analysesf investmentsgiven different future pathwaydhe

scenarios shown in this chapter are based on previous studies as Nordic Grid Master Plan

2008, Statnefs Grid Development Plan 2009 and Statnett/SvensiKKr af t n2 gi@ s ¢ o mmo n
planningstudy. Thescenarig are definedasshown inFigure 5.5 as the state of the system

today, as a short term prognosis 2012 (Nordel), and as three different developments to year

2020. The threedifferent prognoses for year 2020e calledRecession, Renewableand

202020
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Renewable +

Recession

/Progn:siszmz

ordic power Norde
system 2009/10

Figureb.5: Scenarios 2020 for th8wedishNorwegian power system.

The focus onthe environment and the level of international cooperationtase of the
significant drving forces in the development ofieneration consumption and
interconnectionsThe scenarios haween definedithin the framework of these parameters
(integration and climate focus). The three scenarios are defined as sheéiguréab.6.

High economic growth
Strong climate agreement
Strong EU energy integration
and coordination
Energybalance
Sweden/Norway + 40 TWh

High climate focus 202020

T o o I»

A High economic growth
A International climate focus
A SwedishNorwegian certificates
_ A EU energy integration and
Low integration High integrati3n coordination
A Energybalance Sweden/Norway
A Low economic growt +30TWh
A National climate focu
A Weak EU integration
A Energybalance
Sweden/Norway
+10TWh
2
Low climate focus
Figureb.6: The three different developments illustrated in the dimensions

"integration" and "climate focus"

5.3.1 Common Features in the Scenarios

As both Sweden and Norway haligdro powerdominated power systems, the inflow into

the hydro powersystem is the most influential singtactor of the electricitygeneration
Increased inflovhas been noted since8® This increase of inflovis assumedo be a result

of climate changg In the scenarios presented below, the climate changes are assumed to
continue to increasénflow and consequently increase theydro powergeneration In
addition, the scenarios includ&ttenfallis major power station upgradesexisting hydro
powerfacilities in Swederand the9 TWh of hydro powerwhich are currently projected in
Norway.

In the scenariost iis assumed thahé tenSwedishnuclear power reactorsot will be

decommissioned in the near futuhe.addition,increasd capacities of the currently existing
reactorgdue to major capacity upgrades are assumed.
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5.3.2 Recession
This scenario is stronglyelated to the

i Nat i o n acknarfoofdNardicdGrid 20
Master PAn 2008 and tc -
scenario ofSt a t 1Gedt Devilspment

Pl an 20009. Based Prod. Cons. Bal.
(climate-focus) this scenario is expecte | Noway 141 138 3

. . Sweden 163 156 7
to be the most unlikely scenario.

This scenario describes a future situatic
with little developmenin most respects
The economy experiences kind of
global economic cooling. Reduces
economic growth reduces willingness t
prioritize climate policies. Batimes put
more focus on national employment, ar
exert less pressure on developing
common European power marKetther.
With this as a backgrounthe European
Union is unable to meet its renewable
goal, and the commitment to renewable
in Norwayand Sveden will beweak.

| Average

m Dry year
m Wet year

Values in TWh/year
Surplus >0

4

The fuel prices and the G@rice in this
scenario are relatively lowwhich leads
to a low power priceThis alsoleads to
smaller price difference between the
hydrodominated areand the thermallominated area, due to the low fuel pricEserefore,
new lines from the Nordic countries to the Continent will be less benet@alin the other
scenaris.

Figure5.7: Energy balance year 2020 pr.
area in theRecessiomscenario.

The SwediskNorwegian green
certificate system and the EU 202020 -
goals have been terminated. Both this 0
and the low power prices lead to a very

low investment rate imenewablesThe .

. . . rod. Cons. Bal.
SwedishNorwegian energy balance is | norway 155 140 15
expected to be at the same leas Sweden 171 156 15
today.

5.3.3 Renewable+

This scenario is strongly related to the
iGlmat e and stendrie ofr
the Nordic Grid Master Plan 2008 and
to the AVind og In
Ut v e k sderianbgabt at rdt t :ﬁ
Development Plan 2009. The scenario ]
has also been one of the scenarios in
Statnett and Svenska Kr
commongrid planning stdy.

| Average

] Dry year
m Wet year

Values in TWhiyear
Surplus >0

In this scenario there Bn emphasisn
climate However, the international
agreement on emission reductiomsd  Figure5.8: Energy balancgear 2020pr.
the 202026goals of EU have not beer area in theRenewable4scenaio.
fulfilled.
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The fuel prices and the GQrice in this scenario areigh. This leads to relatilye high
power prices. Yet, the growing positive power balance is moderating the power prices.
Because of very good winconditions a lot ofvind farms have been built in Norway and
Sweden.

The mrice difference betwaethe hydro dominated area and the therdmhinated are#s
large and fluctuating. This is due to both high fuel prices, variation of the géndration
ard high regulation cost of thermgkneration Therefore, aw interconnectioa from the
Nordic countries to the Continent will very beneficialin this scenario.

The SwediskNorwegian green certificate system is functioning well. This has led to a high
investment rate imenewablesThe SwedisiNorwegian energyalance is expected to be
very positive, with a balance of + 30 TWh in 2020.

5.3.4 202020

Thisscenari o is strongly r el as$cendriodofNordichGeid A Cl i mat e and
Master Plan 2008 ando t he AVi nd o0g | nt egr-scengriosnof Eksport og |
Statnetfs Grid Development Plan 2009. The scenario has also been one of the scenarios in

StatnettndS v e n s ka Kr a f grislhgtabhnéhgstudy.0 mmo n

40
20
0
20 P 7

In this scenario there isan
emphasion climate with a strong
international agreement on
emission reductions.

The fuel prices and the GQyrice Prod. Cons. Bal.
i i i i i Norway 159 141 18
in this scenario ardigh. Despite o e 2

this thepower prices are relatively
low. This is due to a very positive
power balance all over Europe,
because of all the negeneration
from renewable source$he frice
difference between he hydro
dominated area and the thermal
dominated areais large and
fluctuating, mostly because of 40
variation of the windgeneration 0
and because of the high regulation
cost of thermal generation
Therefore, Bw interconnection
from the Nordic ountries to the
Continent will be beneficialin this
scenario.

B Average
M Dry year
B \Wet year

R
Values in TWh/year
Surplus > 0

The SwedistNorwegian green Figure5.9: Energy balancgear 2020pr. area

certificate system is functioning in the 202020scenario.

well and the 20202Qoals from

EU have been fulfilled. This has led to a very high investment rateriawables The
SwedishNorwegian energy balance is expected to be very positive, with a balance of + 40
TWh in 2020.

5.3.5 Energy Balances in the Scenarios

Figure 5.10 shows the actugbwedishNorwegianenergy balances from 1990 to 20énd

the balances in the three different developmemigo 2020.In general, the enerdyalance

for Sweden and Norwalyas been positive the last 20 years. More than 70 % of the years had
a positive energy balance, with an average value of +5 TWh. The most negative balance was
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in 2003 with an import of 21 TWh, while the most positive year was in 2005 with an export
of 19TWh.

For the years to come, the energy balance behind the three different scenarios is described.
In 202Q the energy balance in an average year is expected to be + 10 TWh in scenario
Recessiont+ 30 TWh inRenewable+and + 40 TWh ire02020

TWh

40 202%
30

l,{:;;ﬂﬁ;;;Qe+
20 /

Recession
10 —
0 T T T T T T ] T T T T T T T T T T T T T T T T T T T T T T T T 1
P 09% 09/\ S & 00% 06\ S PP 0'\/'\ &
G e A A Ve s e et M et Pt Mo e Ve
-20
30 Actual 19962009 Prognosis 2012020

Figure5.10: Energy balances for Sweden/Norway 196@020.

5.4 Wind Power Generation: How Much, Where and When?

In the scenarioRenewable+and 202020a large share of the surplus is expected to come
from wind power generation. As the increase of wind power gBoergoses many
challenges for Svenska Kraftnat and Statnett, this section is devoted to a discussion of the
development of wind power generation. The cquestionsare: How mucl? Wher& and

When?

There is a huge difference betwetbr expected increase of wind powggneratiorandthe
plans for wind farms, i.e. there is an uncertaintho® muchwind power will be built.In
Sweden Svenska Kraftnat has been notifiedvahd power projects witla total capacityof
about 36 000 MW. The dectricity certificate system, which igxpected to provide a
framework for how manyanewable power generation farms tall be built, have the
target 25 TWh in Swederthis implies that a lot of the plantevind power will not be
built.

National goad for the amount of renewabldgve not yet been set in Norway. However,
how much wind power that will be built depends on funding. Thus, the targets of the
possible electricity certificate system, the future power prices as well as subsidies for
renewabls will be the determiningmain factors. Currently, both the prospects for the
power price and the level of subsidies are higher in other countries than in Norway.
Therefore, windnvestments in countries like Germany, Spain, France and Great Britain are
preferred by the larger powgroducers. In addition, smadtalehydro powergeneration

and otherrenewablese.g. biogagiriven thermal generation will be competing for the
generation subsidies in the certificate system as the system is neutral to thef way
generation.

There isalsoa largeuncertainty ofwherein Norway and Swedenew power plants will be
built. As shown in Figure 5.1he numbers of planned wind power plants are much higher
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in the north andn the midile of Norwaythan in the south dflorway. In Swedemmany of
the wind power plants are planned south of creastion 2.However, the figure does not
show howprobable it is that a plantill be built. The permit proessfor wind powerfarms
is much easier in the sparsely populated areas of North Sweden and North Norway
addition, the expected wingeneration is expected to be higher in the north, because of
strongerwind. On the other hand, the tariff of the transmission grids is lowregdneration
in the south of Swedemnd Norway.
Finally, the implementation of bidding
areas in Sweden could signify that
generation in theauth of Swedernwill be
more beneficial. In Figure 5.11 official
wind power projects in Norway are
,_14, 1= MW, shown. The Norwegian data represents
8440 MW 5750 MW wind power projectsnotified to NVE.
These data includgwojects with ongoing
permit processeas well as projects which
have been grantegermit The Swedish
- 15 520 Mw/ statisticsin Figure 5.11representsvind
' # power projects whichSvenska Kréinat
: | 5 has been notified ofit should be noted
C that the wind power projects in Figure
18 640 Mw 5.11 are independent of the assumptions
' for wind power in the scenaripdoth
concerning the amount and the
geographical distribution. Sweden has
today a capacity of 140@W in operation
while Norway has a capacity of 440 MW.

2050 MW 8470 MW

4 380 MW 14260MW

7460 MW The last questign when could be
Lo transformed tchow fastthe wind power
: - . . will be built. The current economic
Figure5.11: Official wind power projects situationmay have a negative effect on the
Sweden and Norway. building of renewable power plants.
(Source: Svenska Kraftnat and NVE) Moreover, to be able to make use of the
increase of renewablenergy generatign
grid reinforcementsare necessarylhe prollem is that the lead time to build new power
lines is longer than the time it takes to build a wind f&8wvenska Kraftnat has pointed put
in the reportiStorskalig utbyggnad av vindkraftKonsekvenser for stamnéatet och behovet
av reglerkrafd, that thelimiting factor for establishing new renewable energy generation is
the time that the authorisation process for power lines takes rather than factors concerning
the building of renewable power plantk. is necessary for Swedish and Norwegian
authoritiesto facilitate theauthorization procesms order to make integration of the new
renewable energy generation possible.

5.5 Summary of the Chapter

A more positiveenergy balance is expected in Sweden and Noiwdlye near future. The
main reasons for this are a political drive to invest in renewable emgenggration the
efficiency upgradef the Swedish nuclear power plamind a steady levebf the Swedish
and Norwegiarelectricity consumption.

The three eenariosRecessiopRenewable+and202020describe different developments for
the SwediskNorwegian power system. The purpose of shenarioss mainly tomake @
analysisof investmentsfor different future pathways but also to recognize and examine
future challenges and opportunities. With a large increase of renewable geeration
and a need to transmit large electricity surplus to athistemsthe 202020scenario is the
most challenging scenario. At present, the future seems more likely toode td the
situation inRenewable+and 202020than the situation in thRecessiorscenario. All the
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scenarios are strongly related to former studies of Statnett and Svenska Kraftndt such as
Nordic Grid Master Plan 200§t a t GrdtDevélgment Plan 2008hd Statnett/Svenska

Kr af t mimbnigsd planmingstudy. Especially theommon SwedistNorwegian grid
planning studyis important for thecommonlong term strategic planning of the power
system.

A main challenge for Svenska Kraftnat and Statnett will be to integrate the new wind power
generation.However, here is a huge difference betwettie expected increase of wind
power generationand the plans forwind farnms, implying thata lot of the planed wind
power will not be built. There is an uncertainty of how much, where and when new wind
power plants will be built. Among the most important factorstferoutcomeare future

level of power pricesthe impact of green certificatasadpossiblesubsdies within different
countries. Also the permit process is an important fadeenska Kraftnat and Statnett
recognize a need to facilitate tlithorization procesfor new linesin order to make
integration of the new renewable eneggpneratioreasie.
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6 Prospects for the Power Balance

-System Adequacy, Prospects for 2020

In this chapter,

the development of Swédeand Norwags power balance will be

discussed, both in the short and lotgm. Furthermore, the situation during the winter
2009/2010 will beelatedto ENTSOEG assssnentof the margin tacapacity shortage in

the hour of operation

6.1 Drivers for Improving System Adequacy
The short term prospects show that Sweden and Nopeasess a positive power balance,
even during severe winter conditions. Together, Sweden and Norway can cover peak
demand and be net exporters. In case of failunésr,connectios to other markets can also

Serve as power reserves.

The system adequacylikely to improve with the expected development of wind power and
small scaléehydro power and newinterconnectioa will make the power surplus available to
the Continent. Thus, Sweden and Norway have the opportunity to operate as power reserves

for theContinent.

In the long run, the ungellated characteristics of wirghd small scaldydro powermay
weaken the system adequacycase it replaces existing wekltgulated powegeneration

This can make

Swedenos

and

Somewha ynpredictabtei | i t y

Another factor that influences the system adequacy in Sweden and Norway is the
availability of nuclear powegenerationNordel pointed out ifiPower and Energy Balances
2011201 that a common mode failure in nuclear power @asia most dramatic situation

for the Nordic grid and would lead to a most difficult security of supply situation. It was
underlined that the risk of such a situation is very, lbut his winter hasn factverified the
relevancy of Nordébs worst case cgnario. The Swedish nuclear powgenerationwas
abnormally low, and in combination with several other challenging conditions, the power
and energy situation was in periods tight.

6.2

Power balance
Statistics 2009/2010

Country specific peak demand

Norway
P 23300
C 24 000
B -700
6 Jan 10
H9-10

Sweden

P 23 600
C 25400
B -1800

8 Jan 10
H 17-18

P - Production

C - Consumption

B - Balance without
energy exchange

H - Hour, CET

P, C and Bin MWh/h

Short Term Prospects for Power Balance

Power balance

Statistics 8th of January 2010

Nordic Peak Load

The Nordic
countries
P 65550
C 69639
B -4089
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S

Figure6.1: Power balancstatistics. Data provided by Nord Pool.

A power balance with countigpecific peak demand in 282010 is shownto the leftin
Figure 6.1 The consumption in bothwi&denand Norwaywas higher thn the generation in
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the peak hours. In Norway, there veasall time high peak demardlringthis season, while
in Sweden, e natonal alktime high peak demarid 27 000 MWh/h.

This winter, the Nordic peak load was all time high, with 69639 MW. The right part of
Figure 6.1 illustrates the situation. It happd at the eighth of January, a cold winter day
with temperatures estimated éaccur every tenth year. The previous peak load was about
69000 MW, and took place the fifth BEbruaryin 2001.

6.2.1 CapacityShortage

Sweden and Norway have Syster margin to capacity shortage 2010/2011
requirements for maintaining satisfacton Average winter, 10 years winter and common mode
security of supply. The security of supply is
evaluated by using statistics of interruptiol
and by using a calculated status indicatc
for the security of supply. This s$tes
indicator is called Loss of Load Probability
(LOLP). The system requirement is sucl
that the Loss of Load Probability shoulc
not exceed 14a. T
corresponds to the requirements fo
security of supply iENTSOE.

Norway

SF 3000 MW
SF 1700 MW
SF 1100 MW

SF 3900 MW
SF 2600 MW
SF 500 MW

There are two different iteria for security
of supply: one for the risk ofcapacity
shortage inthe hour of operationand — ot cnodty hortage orerege ey,
anotherfor the risk of capacity ShOrtage Or (oo i nucicar units ot of speration n the Nordic cooniries)
. argin to criteria o %00 for capacity shortage.
the spot _market, in other wordgnen the Figure6.2: Margin to capacity shortagen
supply bids are not able to meet tr2010/2011
demand bidghe day before the opaion '
day. Since the SwedisNorwegian system has a positive energy balance, it is most relevant
to look at the risk o€apacity shortages in the hour of operation.

Thesecurity of supply <calculations are made with th
Grid Master Plan 2008 and g¢hPower and Energy Balances 262012 Internal

transmission capacities are taken into account, and import possibilities from neighbouring

systems are assumgmprovidehalf of the existing capacity.

Figure6.2 shows the margins downtbes y st em r equ i r eapaeity shertagef 1a f or
in the hour of operatiarin case of a common mode nuclear failure, system reserves have to
be used, but the risk of this situation is small.

According to the calculations, thiésk of acapacity Rortageduring the coming years
acceptable. This means that the security of supply situation is calculated to be acceptable

6.2.2 RetrospecWinter 2009/2010

During winter season 2009/2010, the relevance of Nésdedrst case scenario was verified.
The Swedish nuclear powegenerationwas abnormally low. In combination with several
other challenging conditions, the power and energy situation was in periods tight.

Circumstances contributing to the challengingation:
1 Swedish nuclear capacity was lagsmn 70 % of installed capacitpr several
months
1 Cold weather resulted in less inflow than normal and extraordinary high
consumption
1 Low capacity from SoutiNorway to Sweden due to high consumption in Oslo and
reduced capacity on a sea cable that dimensions the export to Sweden
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Sweden was importing power from its connected neighbours, and power reserves were
started to cover demand. The prices in Sweden and khd NorthNorway thus got
extraordinary high,at ™0 G4/ MWh at maxi mum.

The system handled the stressing conditions this winter, but it is worth asking how it would
have been handled with a large share of unregulated power, like the situation in the
scenariofRenewable+and 202020 Obviously, the systemauld have been very sensitive

to demand and wind forecast, as the ability to regulate would have been less thaintoday.
case of low wind powegenerationthe system might also have been more dependent on
import from other markets

6.2.3 Forecasts for Region&lystem Adequacy in Normal Winter
Conditions

In normal winter conditions, the maximum availabneratiorcapacity exceeds the sum of
national pealdemand byt 500 MWh/h. This is illustrated ifrigure 6.3. The simultaneous

peak demand is estimated to be somewhat lower; making the capacity margin even bigger.
Sweden and Norway are thus capable of exporting to the Continental market denregkh

load. Furthermore, thgeneratioris a conservative estimate, assuming that only six percent
of the wind power is available during winter time.

6.2.4 Forecasts for Regional System Adequacy for Severe Conditions

The national peak demands corresponding tprobability of once in ten years 2is
shownin Figure 63 (right side) The sum of these national peak demands correspoa to
even lower probability, and is estimated to beB@® MWh/h higher than in average
temperatureconditions in 205. Yet, the Swedish and Norwegiajenerationcapacity is
estimated to be sufficient to cover the simultaneous peak demand igearl@inter day in
2015.

Power balance 2015 Power balance 2015
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Figure6.3: Available power capeity and peak demand 2015 for average winter
condition and a coldvinter day. (Source: Nordic Grid Master Plan 2008)

6.3 Long-term prospects for Power Balance

Thefigureson the next pagare taken romENTS@ 6 s system adequacy forecast
They show the developmeaf import and export capacity for Sweden and Norway for the

third Wednesday in January at fpfrom 2010 to 2025. Both the Swedish and the

Norwegian capacities are expedtto increassignificantly by 2020.

The figures also show the development of the difference between the remaining capacity
(RC) and the adequacy reference margin (ARM) for a conservative scenario A and a best
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estimate scenario B. ARM accounts for uneoted events affecting load and generation,
and is the part of net generating capacity that should be kept available at all time to ensure
the security obupply.When remaining capacity is higher or equal to the adequacy reference
margin, it implies thatthe power system has sufficient capacity to handle unexpected
situations, and that the spare generation capacity can be exported.

When reading the figure, it is important to bear in mind the difference between power and
energy, and how it is affected by ancreasing share of unregulated poweneration
Development of new renewable powgneratiorwill increase the energy balance because
more energy is available to the system. However, the power balance will not improve
proportionally to the energy baldee because it is not possible to control at what time the
energy from unregulated power is available §mneration Therefore, a positive energy
balance camctuallyresult inperiods withshortage of power. This is especially valid if there

is a large bare of unregulated sources of energy.

GW

15 Sweden - January 7 p.m.

10

2010 20115 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

mw Import Capacity = Export Capacity RC-ARM A——RC-ARM B

GW

15 Norway - January 7 p.m.

10

2010 2011/ 2012/ 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2025

mm Import Capacity =5 Export Capacity RC-ARM A——RC-ARM B

Figure6.4:{ 6 SRSy Qa | yeRelopraeNdf tapaitiesaitl adequacy reference
marginfrom 2010 to 2025.

The development in the differendeetweenRC and ARMis influenced by the planned
development of winéind small scalaydro powergeneratiortowards 2020. This will result

in more unregulated poweand can make it more challenging to meet peak demand.
SwedeiGs plans to phase ogbme of the thermajeneratioralso affect the development of

the remaining capacity-he Swedish curve declines around 2015 and turns negative for the
best estimate scenario B in 2022. The Norwegian curve improves towards 2015 before it
declines, but it stays positive during the whpériod. Altogether, the Swedidtiorwegian
system is likely to export during peak load conditions more than 10 years ahead.
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When readingrigure 6.4 it is worth noting that the estimaté the remaining capacity is
based on theonservativeassumption thaonly six percent of the installed wind power is
available during peak loadNormally, the wind powemrenerationwill be considerably
higher. Availability of six percent is used to stress the fact that it is not possible to control
the generationof unregilated power, and thahe power situation needs to be closely
monitored when the share of unregulated pogemerationincreases. To cope with the
development indicated in the figure, transmission capacity to other maaketpossibly
evenpower reservg needs to beeveloped correspondingly keep an appropriate level for

the security of supply.

6.4 Summary of the Chapter

The SwedistNorwegianpower balanceés positive bothin the short and in the long run.
The Swedish power balance is slightly negatiluring peak hours in a severe winter
situation (one out of ten winters). However, the total Sweblistwegian power balance is
positive even in serve wintsituations

During the winter 2009/2010, it was demonstrated that the Swedish and Norwegian powe
system is vulnerable to a common mode failure in nuclear pgevesrationin combination
with other problems, this can cause a difficult situation for the security of supply.

An expansiorof the wind powemgeneratiorin combination with a reduction of the thermal
power generation in Sweden iwviffect the systefs remaining capacityReplaing well-
regulated thermal power with unregulated renewable power, constitute a challenge for the
securityof supply. In case of @& demand and no wind, it is possible that situations similar

to what happened the winter 2009/2010 could occur again. In such situations, more
interconnection to other markets can support the Swedish and Norwegian system.

EU is initiating a shift fromthermal powergenerationto renewable powegenerationall
over Europe. Generally, this will increase the percentage of unregulated generation
and thus the demand for regulated pogemerationin this sensenterconnection to other
marketscreae a winwin situation. Theyutilize the fact that it is highly unlikely that a
congruent peak load and no wind situation ostu® larger arednterconnectioa will thus
make it possible for Sweden and Norwaysupport others with welegulated poweras
well as improve the import capacity in situations with low wind pogereratiorin Sweden
and Norway.
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7 Internal Swedish-Norwegian Grid Development

Three common Swedidforwegian regions have been defined in order to serve as
references in thiseport the Northern Region, the Mid Region and the Southern Region.
The firstsection liss the main drivers and challenges for internal Swedislwegian grid
extensions. Theecondsection describes transmission patterns for the electricity through
the Swedish and the Norwegian gridBhe sections thereaftatescribe three steps with
reinforcementsin the Northern Region, the Mid Region and the Southern Region
respectively. Sectiorixsdescribes the permit procedure and secsemengives an account

of other national projects.

7.1 Drivers and Challenges for Grid Extensions

7.1.1 Overall drivers for investments

Svenska Kraftnat haglentified seven driverdor investments listed in order of priority
below:

1. Needs for reinvestments

2. Political considerationgor integration of the European electricity markets &ord
renewable energy generation

3. New generation (mainly wind and nuclear power)

4. Joint investments for network and interconnections withilNbedic countries and
other neighbouring countries

5. Changes of thnetworkinfrastructurdn major cities

6. Increased capacityelimination of bottlenecks

7. Increased security of suppiynd personal safety

Statnetfs three main drivers atésted below. They arsomewhat more general, summing up
the main featres of theseven drivers above

1 Improved security of supply

1 Increased value creation

1 Improved climate solutions

7.1.2 Drivers andChallenges for Grid Extensions

Security of Supply

The security of supply is a main driving force in the majority of grid reinforcement projects.
The reinforcement projects Stockholm Strom (Stockhol®)naSamanger (west of
Norway) are examples of projects mainly initiated in order to keep a satisfémtehof the
security of supply.

Integration of Renewable Power Generation

The policy of EU, particularly th20.20.20. legislation, and thetional policy measures to
meet the climate pay requirements of EWwill provide strong incentives for renewable
electricity generationin both Sweden and Norway.he electricity certificate systerim
Swedencreates economic incentives for an increase of up to 25 TWh of renewable
electricity generationto year 2020. When Norway joinsthe system in 2012, the same
incentives will apply to Norway. Hence, a main challenge for Svenska Kraftnat and Statnett
will be to develop the grids to support the growth of renewable electricity generation, which
entails not only the inclusion of e.ging farms into the grids but also the adjustments of
the transmission grids to new transmission patterns.

A key for enabling implementation of large amounts of intermittent energy sources, as the
wind power, could be the design of the transmission gifith a large share of intermittent

energy in the generation mix, additional interconnections to external markets are required;
both for transmitting the surplus to the demand and for the exchange of regulating power.
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However, the current grid has limitechgability of handling new interconnections to
external networks. Therefore, crdssrder reinforcements alone will not provide for an
efficient power exchange; the internal grids must have sufficient transmission capacity as
well. In parallelwith crossborder reinforcements the internal grid must be reinforced.

Combined generation peaks of wind power andhyafro powerhave not been analysed in
this report. During a combined generation peak of wind powehgdb powere.g. during
flood situation in cmbination with good wind conditions, the required transmission
capacity would far exceed the current Swedisitwegian capacity ithe transmission grid
and the electricity price will be influenced.

CrossborderReinforcements

There is a strong politicalvill to integrate the electricity market through crdesder
reinforcements. In addition, additional crdssrder interconnections are required in order to
accommodate the expected large amounts of new wind power generation as well as to take
advantage focomplementary generation mixes and resources.mistionedabove, to
arrange for these additional crdssrder interconnections, internal grid reinforcements are
required.

Location of New Generation

According to current plans, it seems likely that gn#ficant part of the new power
generation in Norway will be developed in the Northern Region, north of Tunnsjgdal. In
Sweden, new generation is expected to be allocated more evenly over the country. While
most of the plans in Sweden are to establish wgoder, small scaldwydro powerwill
dominate the development in Norway. Altogether, this gives Svenska Kraftnat and Statnett a
common driver; to transmit the power from the generation areas in the north to the
consumption areas in the south.

Currently, congestios in the Swedish
Norwegian grid are limiting the powe
flow from the north to the south. Th¢
most important crossections are markeg
in the figure, and further described in th
next secton. To allow for export of the
energy surplus during normal years ar Lo aigth o S,
for imports during dry vyears, the

SwedishNorwegian system needs t
have sufficient transmission capacity f wsre/trondetas %"
other markets. cross section t

The Ofoten
LS, F
cross-section

The Hasle

Time Consuming Processes  fa 7 i cross-sattion
Establishing New Interconnectie The Norwegian =Y L(

The implementation of an interconnectig| *cvferm eessseftiony &
project can take several years. Especia
the authorization procedures are ve Al
time consuming (further reading i :
section 7.J. Therefore, Svenska Kraftnal
and Statnett need to be proactiv
regarding the integtion of new
renewable power generation.

he Swedish
cross-section 4

Figure7.1: Common Swedishlorwegian
crosssections.

Cooperation Between SvensKaaftnét and Statnett

A major challenge for Svenska Kraftnat and Statnett is to arrangg@wiedishNorwegian
reinforcements between the two transmission networks. A good cooperation between the
two TSOs is necessary though differences in drivers and investment criteria may infer
difficulties to agree onwhich SwedishNorwegian reinforcementgha should be
implemented
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7.2 TransmissionPatterns in the Swedish and the Norwegian grids

7.2.1 The Northern, Mid and SouthnRegion

Three common  SwedisiNorwegian
regions have been defined in order
serve ageferences: the Northern Regior
the Mid Region and the Southern Regio
As shown in Figure 7.2, the three regior
embraceimportant crosssections of the
Swedish and Norwegian transsion
grids

The Northern Region

The Nortlern Region embraces the
Ofoten crosssection In the south itis
limited from the Mid Region by the
Swedisr crosssection 1 and the
Tunnsjalal crosssection It also includes
the Artic region The Mid Region
continues further sohtto the Norwegian
crosssection Mgre/Tradelag and the
Swedish crossection 2 The
southernmost part is called the Southe
Region. Itembraces the Swedish cres
section 4_ and the NorwegiaBouthern Figure 7.2: The Northern, the Mid and the
crosssection as well as thEasle cross :

) Southern Region.
section betwee southern Sweden and
southerrNorway.

7.2.2 CurrentTransmissiorPatterns

The transmission pattern in the Swedish and the Norwegiasntission grids depends on
the inflow into thehydro powersystem, the location afeneratiorand consumption and the
differences between the Swedislbrwegian and theontinentalelectricity prices.

Normally, Northern Sweden is a surplus area. Most of the Swégidto powergeneration

is located in the Northern and in the Mid Region. North8mweden is very sparsely
populatedand the total consumption is relatively low. Conversely, the large population
centres are located in the Southern Region where consumption is higlgembrtion
capacity in the Swedish part of the Southern Region mamhgists of thermajeneration
nuclear powemenerationbut also power plants firedy biomass, waste, natural gas etc.
Northern Sweden and Southern Sweden are connected through several high voltage power
lines. The flow in Sweden generally goes from therth to the southNorthern Sweden
exports power tdrinland during wet and average years. There ipower flow transit
through Finland and back to Swedt#mwough FenneSkan 1. During dry years power is
imported from Finland.

In Norway,generatiorand ®nsumption are more evenly distributed, and the direction of the
power flow varies during the day due to the power exchange omtéreonnectioa to
external networks. In general, power flows from the surplus area in the north to the deficit
area in MidNorway, and from the large producers in the west and central part of Norway to
consumption areaand theinterconnectios in the $uthern Region

The general nortfto-south power flow varies in strength between seasons, between day and
night, and between weekdays and holidays. The capacity is fullyimgetiodswith high
generatione.g.during the spring inflowand inperiods with high consumiphn, e.g.daytime
during weekdaysn the winter time. The seasonal vatian is caused by the inflow.
Typically, the power flow is at its strongest in periods with high inflow, like when the snow
melts in the spring and when the heavy showers occur iautuenn. In such periodbydro
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power producers can be forced to produce at a low price in order to avoid spilling water.
Except from these periods, the power flow depemadinly on the demand. During winter
period thepower demands high, driven by electric heating of houses. In addition, demand

is also at its highest in daytime on weekdays. In these situations, it is a strong power flow
from the north to the south. During nights and holidays, demand in deficit areas can be
coveredby localgeneratiorand imports through thaterconnectios, and the nortio-south

power flow declines.

The grids in Sweden and Norway are already today limiting the power flow in case of very
wet or dry years. In wet years, thengestionare more fequent. There are bottlenecks in

the grid constraininglow both from the North Region to the Mid Region (Tunnsjgdal and
the Swedish crossection 1), and the flow from the Mid Region to the Southern Region
(Mgre/Trgndelag and the Swedish crgsstion 2).In case of more inflow due to climate
changes and mormgenerationcapacity in the north, the existing problems will increase. In
dry years with imports from Denmark and the Continent, the Swedish west coast section is
limiting. In recent yearproblems dring nights concerningowerflows towards the north

on the west coast of Sweden hageurred At such occasions, Norway has imported power
from Denmark and Germany that has passed through Sweden.

Figure 7.3 shows the energy flow from 2007 to 2009, #red minimum, average and
maximumpower flow in this period on the common Swedidbrwegian crossections. It
illustrates how the flow increases from the Northern Region to the Southern Region, and the
large variation in the flow pattermhe maximum poweflows on the crossections are

equal to the capacitiesHowever, he maximum capacitiesvary. They depend on
circumstances likéhe distribution ofyeneratiorand the power flow elsewhein the grid.
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Figure 7.3Energyflow year 2007, 2008 and 200#hd minimum, average and maximum
power flow in the period 20072009

7.2.3 Transmission &terns for Power and Energy in the Scenarios

Factors Affecting the Transmission Patterns in all Scenarios

The Nordic Grid Development Plan in 2004 proposed grid reinforcements in five prioritized
crosssections: Fenn&kan 2 NeaJarpstrommen, South Link, the Great Belt and Skagerrak

4. All of theseare expected to hie operation ly 2015. InNor d e | 6 lopgent ptan d e v
from 2008 the SouthWest Link, @rskogFardal and OfotealsfjordHammerfest were
recommended. Thedmes are expecté to be in operation by 201éterconnectios from
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the Nordic countriesvere also investigated. NordBalorNed2 NORD.LINK and NorGer

are examples of sudhterconnection. When the planned internal reinforcements have been
implemented, they will increase transmission capacity in the -sexgmns of the Swedish
Norwegian gridsHowever the plannednterconnection to external networks will increase
the transmission through the cresctions.

Other factors affecting the transmission patternch@nges irgeneratiorand consumptian
also outside of Sweden and Norwd&pr example,lte new nuclear reactor in Olkiloutn
Finlandanda possible sixthrinnishnuclearpower plantwill have a considerable effect on
the power flow in the SwedisNorwegian power systemn case the sixthuclear reactois
built in the north of Finlandthe export of the SwedisNorwegiangereration surplus to
northern Finland will be reducedlhis will contribute to an even strong&wedish
Norwegiannorthsouth power flow Thus, he development of the Finnish nuclear power
generatiomight acceleratéhe need for reinforcements in the Swéelorwegian grid.

It is also worth mentioning that Sweden will implement bidding areas. The bidding areas
will create economic incentives for the actors on the electricity maokestablish new
generation in areas with power deficit, and conversely, to create new consumption in areas
with power surplus. Thus, the implementation of bidding areas in Sweden might slightly
reduce the nortilsouth power flow.

Expected Transmission RPatn in the Scenario Recession

In theRecessioscenario the surplus in the energy balance is 13 TWh. Diog/teconomic
growth there is only a slight increase in demand. The increagermdrationis also small

due to a low investment rate imenewables The transmission pattern in thRecession
scenario isimilar to the current transmission pattern in Sweden and Norway with a general
increase of the flovirom the north to the southiThe additional capacity which the South
West Link provides in the Swegh crosssection 4 is mainly used for export on NordBalt
and otheiinterconnectios.
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Figure 74: Energyand powerflow in the Recessioscenario

In Figure 7.4 the transmission with unlimitethpacity at therosssectionsin Sweden and
Norway in the scenaridRecessions shown.The flow during an average year through the
SwedishNorwegiansystem corresponds quite well to the historical valuésgare 7.3

Expected Transmission Pattern in the Scenario Renewable+
In this scenario, a lot of wind farms have been built in Norway and Sweden, leading to a
surplus of 30 TWh. The price difference between the hydro power dominated area and the
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thermal dominated area is large and fluctuating. Consequently, there are i@isiédad
frequent variations in the transmission pattern. The interconnectiandeinalsystems are
mainly used for export of the new renewable energy generation. The net export to Finland is
also considerable higher in this scenario comparedRégses®n. In Figure 7.5, the
transmission with unlimited crosections in the scenari®enewables shown. The north

south power flow is rather similar to the power flowRecessionn Figure 7.4. This is
because a part of the surplus is exported to Finland.
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Figure 75: Energyand powerflow in the Renewable+scenario

Expected Transmission Pattern in the Scenario 202020
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Figure 76: Energyand powerflow in the 202020scenaria

A very positive power balance is expected in202020scenario due to the negeneration
from renewable source¥he surplus in the Swedistorwegian energy balance amounts to
40 TWh. The flow in this scenario has large variatioassed by the unregulated power
generation Figure 7.6 shows that i80202Q the northsouth flowis strongly enhanced
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