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The Nordic electricity market is often seen as an example of how to create a
working, developed and integrated electricity market. Nevertheless, this
thesis studies the obstacles of transmission network investments and the
market integration challenges in the Nordic electricity market. The main focus
is in the Nordic Transmission system operators (TSOs), which have a key role
in grid development. This study introduces a case study of cancellation of
South-West link, Western part, which was seen as essential grid investment
in order to improve the Nordic electricity market functioning but ended up with
cancellation in 2013. This study includes semi-structured theme interviews of
the experts among Nordic electricity industry stakeholders. Despite the
political will to create more equal prices for electricity in the Nordic market, the
differing national regulation, mixed incentives created by bottleneck income
and the focus moving from Nordic integration to European integration may
create challenges to the Nordic electricity market integration in the future.
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Pohjoismaista sahkomarkkinaa pidetaan usein esimerkkina toimivasta ja
integroituneesta sahkomarkkinasta. Kuitenkin tassa tutkielmassa keskitytaan
kantaverkkoinvestointien kohtaamiin  vastoinkaymisiin ja sitd kautta
markkinaintegraation haasteisiin Pohjoismaisella sahkomarkkinalla.
Tutkimuksen paapaino on pohjoismaisissa kantaverkkoyhtidissa, joilla on
tarkea rooli kantaverkon kehittamisessa. Tutkimuksessa kaytetdan case-
tutkimusmenetelmaa, jonka avulla kaydaan lapi South-West Link-
investoinnin lantisen haaran peruuttaminen.  Tama investointi nahtiin
tarkeana pohjoismaisen sahkomarkkinan toimivuuden parantamiseksi, mutta
peruttiin 2013. Tutkimus sisaltda semi-strukturoidut teema-haastattelut, johon
osallistui asiantuntijoita pohjoismaisen sahkomarkkinan eri sidosryhmista.
Huolimatta poliittisesta tahdosta luoda yhtendinen sahkon markkinahinta
pohjoismaisella markkinalla, eroavuudet kansallisessa lainsdadannossa,
pullonkaulatulojen aiheuttamat ristiriitaiset kannusteet, ja pohjoismaisen
integraation muuttuminen kohti eurooppatason integraatiota saattavat
muodostaa haasteita tulevaisuudessa pohjoismaisen sahkomarkkinan
integraatiolle.
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1 Introduction

1.1 Background and motivation

Electricity is a necessity commodity in modern world. Electricity is provided
for customers through a complex system of electricity infrastructure and
electricity market. One critical part of this system is an electricity market
where much of the daily electricity is sold and bought. In Nordic countries
this market is called Nord Pool, which was created by combining together
national electricity markets to form a larger single marketplace. The Nordic
market became fully integrated 2000 when Denmark joined the exchange
and Nord Pool's spot market activities were organized in separate
company Nord Pool Spot AS in 2002. Today Nord Pool is the world’s
largest market of its kind and provides the leading marketplace for buying
and selling power in the Nordic and Baltic regions, as well as in Germany
and Great Britain. Currently, more than 70% of the total consumption of
electrical energy in the Nordic market is traded through Nord Pool Spot.

Nord Pool is often seen as an example of how to create a working,
developed and integrated electricity market (Hjalmarsson 2000;
Amundsen&Bergman 2006; Srivastava et al. 2011; EMG 2006). The
starting point for the market was challenging despite the strong cultural
similarities between Nordic countries. The underlying differences were
significant: 1) All countries had their own electricity markets and cultures,
2) Denmark, Finland, and Sweden are part of EU where as Norway is not,
3) Finland is part of the European monetary union where as Denmark,
Norway, and Sweden have their own currencies, and 4) All markets had
an existing government backed electricity company that dominated each
market. The list could be continued, but despite all these challenges the
Nord Pool is working efficiently.



The reality, however, may not be as perfect as it looks from the outside.
This is most evident in the electricity price differences between different
geographical sub areas with-in Nord Pool. Transfer capacity limitation
between and within countries play a role in causing electricity price
differences. In the end, this means that on single marketplace buyers are
forced to pay higher price of same electricity just based on where they live.
This is not a desirable property for a properly functioning market.

It's stated that one of the objectives of electricity market reforms in the
Nordic countries was to create an integrated Nordic market for electricity.
This aim was fulfilled from an institutional point of view when the common
power market was created and simultaneously the border tariffs between
the countries were removed. Although, from economic point of view the
market is not well integrated if there is not a single price for a product on
the market. (Bergman, 2003)

Nord Pool (2014a) states that “Today, there is general agreement among
politicians and other stakeholders in the Nordic and Baltic power markets
that this power model serves society well”. On the other hand Nord Pool
also highlights the challenges of the market: “While the price of power is
determined according to supply and demand, it also becomes clear that
there are issues in the transmission network when the price of power goes
up. This makes it easier to identify where production or capacity is lacking,
as there is too high demand compared to production supply.” It is
recognized, that the price differences within the Nord Pool area can be
substantial.

Akkanen (2014) highlighted the current situation of electricity market from
a Finnish perspective, where a suitable solution beside the hydropower
investments and the future network could be improving a cross-border
transmission capacity between Finland and Sweden. This is a very
attractive alternative for the end-user. Akkanen (2014) states that

basically Nordic countries form now a common electricity market area. The



physical transmission network causes restrictions to the market
functioning. Even if Sweden and Norway would have extra supply of
hydropower and simultaneously in Finland there is demand peak, the
electricity won’t flow enough between the countries. This causes the
situation where the exchange electricity price is higher in Finland
compared to other price areas.

There is also interesting point highlighted, that the price difference is more
inconvenient issue to the consumer than to Finnish electricity companies:
Effective and well-functioning market is primarily the end-user’s benefit. In
current plans the transmission network between Sweden and Finland
would be improved in Northern Lapland in the 2020’s. It is highly
recommended to speed up the investments as rational move. (Akkanen
2014)

Transfer capacity investments are essential in order to balance the price
differences in price areas in Nordic market and this objective has been
strongly supported from Nordic council of ministers, Electricity Market
Group and Nordic transmission system operators’ (later TSO) co-operative
function Nordel, and further European level ENTSO-E. Against all these
expectations in transmission network development, the South-West Link,
Western part was cancelled. This link was supposed to be essential
electricity transmission capacity reinforcement between Southern Norway
and Sweden. In this thesis work the focus is on this particular incident —
the cancellation of South-West Link, Western part line.

1.2 The objectives and restrictions of the study

This thesis studies the Nordic electricity market integration that relates to
the investment aspects of transmission networks and the market
integration challenges in Nordic electricity market. The main focus is in the
TSOs, which have a key function in this development. It is important to

provide correct incentives for the TSOs to draw attention to develop the



transmission capacities from socioeconomic viewpoint. The TSOs build
the necessary transmission capacity, but political and regulatory
authorities provide the institutional framework for the TSOs to take action
and also this framework is presented.

The goal of this work is to understand the reasoning why this apparently
necessary investment to a one of the biggest bottlenecks (congestion
used as synonym later) in the Nordic transmission network, South-West
Link Western part, was cancelled. In order to truly understand this
incident, it's necessary to first understand the aspects of a well-functioning
electricity market. Therefore, a theoretical framework describing different
dimensions of a functioning market in an international electricity market

needs to be created based on a literature review.

From practical perspective, in order to answer this question of obstacles in
cross-border transmission investments, one must first understand what
are the obstacles and incentives of TSOs to invest in cross-border transfer
capacity in order to improve Nordic transmission network. The Nordic
electricity market has strongly relied on Nordic co-operation and also this
aspect is studied. The Nordic electricity market is nowadays part of a
slowly integrating European transmission network, so it is important to
acknowledge how the well-known Nordic co-operation is managing when
there seems to be signals of Nordic TSOs focus moving from Nordic to
whole Europe perspective.



The following research questions (Rq) are presented below:

Rq 1. What are the transmission system operators” current challenges to
invest to cross-border transmission network in the Nordic electricity

market?

Rq 1.1 What is the role of transmission investments from the

market functioning perspective?
Rqg 1.2 Why was the South-West Link, Western part line cancelled?
Rqg 2. What is the future of Nordic electricity market integration?

Rq 2.1 What is the current state of co-operation between the Nordic

transmission system operators?

Rqg 2.2 How does the change from Nordic level co-operation to
European level co-operation effect on Nordic market integration?

Previous studies among Nordic electricity have covered topics such as
market concentration (Flatabo et al., 2003: Hellmer & Warell 2009),
infrastructure investments (Gustafsson & Nilsson, 2008) and renewable
energy sources in the market (Mauritzen, 2013). As mentioned earlier this
study concentrates on Nordic electricity market integration and TSO’s
actions and obstacles in this development. This study is carried out using
the case study approach including the semi-structured theme interviews of
the experts among energy industry stakeholders. Mostly the previous
studies among electricity market have been conducted with quantitative
analysis, such as simulation analysis (Barth et al. 2009; Neuhoff 2011).

Because the South-West link Western part cancellation happened in 2013,
this topic is current in the electricity market and interesting case study in
order to study further the integration development of the Nordic electricity

market.



1.3 Structure

This thesis work consists of nine sections. Section 1 is an introduction to
thesis and contains the objectives and restrictions of the study. Section 2
includes shortly the theoretical framework of study. The Nordic electricity
market, market mechanism and bottlenecks are introduced in section 3.
The essential part of Nordic electricity market success, the Nordic co-
operation in transmission network developing, is presented in section 4.
Section 5 describes briefly the TSO investment process. Section 6 is
denominated for the methodology and section 7 for case study of South-
West Link Western part investment cancellation. Section 8 presents
results and analysis and section 9 concludes the study, presents the
limitations of the study and topics for further research.



2 Theoretical framework

Transmission system operators (TSO) are companies that provide the
necessary infrastructure to transfer electricity with-in and between
countries. As such, they are a critical part of building the technical
conditions for the electricity market, and for competitiveness and security
of supply. Interestingly, TSOs are often monopolies, and in Nordic context
all TSOs are monopolies. It is essential to recognize that TSOs act on
regulatory framework but they are responsible to create an infrastructure
to enable well-functioning market. In addition to being responsible to build
national electricity network, in the Nordic market TSOs are also
responsible for building cross-border electricity networks investments to
enable Nordic and European market integration.

The overall goal of this work is to analyze the cancellation of South-West
Link Western part investment project and it's reflections in the Nordic
electricity market context. In order to analyze this investment decision, a
theoretical framework is developed that builds on three different theoretical
fields: investment decision-making, international politics, and competitive

market and market equilibrium (Figure 1).

Investment decision-making

International Competitive market and

politics Market equilibrium

Figure 1. Theoretical framework of the thesis



2.1 Investment decision-making

Investment decision-making is one of the key elements in TSO’s
operations. TSO investments are long-term strategic investments,
irreversible and very expensive. The nature of irreversibility, the uncertain
future of the technological mix and location of generation, and possibility of
delays requires more modern approach to investment analysis than
traditional net present value (NPV) offers. The uncertainty and choice of
timing are key elements in decision-making analysis and that is why real
option approach is presented to highlight the investment nature. The
following subchapters introduce both traditional and real option approach
to the investment decision-making. TSOs operate as franchised
monopolies, where the government has given the company a special
permission to operate. That is why in the last subchapter there is
presented the comparison of investments in private and governmental

company in order to show the nature of TSO investment in this context.

2.1.1 Traditional investment analysis

Investments are essential part of business life. The most traditional way is
to see an investment as a plant, equipment, inventories, but investments
can also be made to nonphysical capital such as knowledge. In addition to
companies, investments can also be made by governments, nonprofit
institutions and households. Investment has a dynamic character: the
investment is going to be depreciated and retired over time as well. Beside
cost and profit analysis individual business decision makers try to
anticipate the future value of investment on the basis of past knowledge
and current market conditions. The challenge is that business decision
makers do not have any assurance that relations extrapolated from the
past do in fact relate in any stable way to the future. This necessary but



tricky estimation makes the investment decision more difficult. (Eisner
1978)

Most investment projects have the following characteristics: First the
spending decisions and associated cash outflow occur sequentially over
time, secondly there is maximum rate at which outflows and construction
can proceed due to it takes time to build and third element is that the
project yields no cash return until it is completed. Firm’s investment
problem is then to choose a contingent plan for making these sequential
and irreversible expenditures over time. The arrival of new information
might lead firm to change the investment plan, so that firm might
accelerate or decelerate the rate of investment or even simply stop the
plan. (Majd & Pindyck 1987)

There is criticism towards the traditional discounted cash flow criteria,
which treat the spending pattern as fixed and is inadequate to evaluate
such project. This is legacy of neoclassical investment theory, which treats
individual units of capital as homogeneous, interchangeable and
individually productive, and fails to provide correct theoretical description
of investment behavior under uncertainty. (Majd & Pindyck 1987)

Also Krutilla (1967) and Henry (1974) have driven this point to investment
models already on the 1970s. This was forward step from original
Jorgenson (1963) formulation, which relied on complete reversibility of
investment. Later it was recognized that investment couldn’t in the future
be costless and instantaneously undone. According to McDonald & Siegel
(1982) although this point is known, it is not often dealt with. They state
that the correct calculation involves comparing the value of investing today
with the present value of the option of investing at all possible times in the

future. This is comparison of mutually exclusive alternatives.



2.1.2 Real option approach

Electricity investments are highly expensive and long-term investments.
Nowadays, investors do not only face uncertainty from volatile prices in
the traditional markets, but also from uncertainty of for example stricter
climate change policies. (Fuss et al., 2008)

It is common that investment decisions are made under great uncertainty.
Transmission capacity investments don’t make any exception to this. How
should a manager facing uncertainty over future market conditions decide
whether to invest in a new project? Uncertainty and the choice of timing
alter the investment decision in critical ways. That's why capital
investments are essentially about options. Options are rights but not
obligations to take some action in the future. They give new aspects on
decision-making besides the traditional net present value (NPV)
calculation, where it is basic approach is very straightforward: when the
NPV is positive, you should exercise the investment and when negative
neglect it. (Dixit & Pindyck, 2004)

Unlike net present value approach suggests, in reality, investments are
irreversible and capable of being delayed. The ability to delay in
irreversible investment expenditure has reflections to investment decision.
So the irreversibility, uncertainty and timing have to be included in
decision-making process through larger analysis framework. (Dixit &
Pindyck, 2004)

The irreversibility is one key aspect in building new transmission network.
By deciding to go ahead with expenditure the investor gives up a chance
of waiting for new information that might affect the desirability and timing
of the investment. In order for the project to proceed immediately rather
than waiting, the estimated project value needs to sufficiently high that it
exceeds this expected value (Blyth et al. 2007). It can’t be disinvested if
market conditions turn out to change adversely. The lost option value is an

10



opportunity cost that must be included in investment cost. This is also
valuable in transmission capacity investments, where market conditions
may vary and where investments have long timeframe. (Dixit & Pindyck
2004)

2.1.3 Franchised monopoly and Governmental investment

Franchised monopoly is a monopoly status given by the government to a
company (Riordan & Sappington, 1987). While TSO has mandate to
execute its role as monopoly system transmission operator quite
independently, the foundation comes from regulation and governmental
guidance.

Governmental investment can be used as a tool to affect supply and
demand in the economy. Demand side tool focuses on government
spending, tax levels and monetary police. Supply-side concerns the
enhancing the productive capacity of economy, and supply-side
economists have concentrated on the appropriateness of the incentives to
work, innovate and take risks that result of our system of taxation. Issues
such as national policies on education, infrastructure (like electricity
transmission network) and R&D also are regarded as part of supply-side
macroeconomic policy. The goal is create an environment in which
workers and owners of capital have the maximum incentive and ability to

produce and develop goods. (Bodie et al. 2009)

De Alessi (1969) studied the governmental investment choices over four
decades ago. In governmental decision-making the cost-benefit analysis
was included to investment analysis theory and it became useful device
for identifying alternative governmental investment options. Even though
cost-benefit analysis is capable of generating some of the relevant
information to the ranking of government investment options, the ranking

is not valid. This is because all cost and benefit streams can’t be

11



measured in the market, not even indirectly. Therefore, it seems clear that

no objective basis for discrimination is available.

McDonald & Siegel (1982) approached governmental investments with an
example to build canal through National Park. What is the appropriate way
to perform a cost-benefit analysis? First approach is to calculate the
benefit from building the canal and compute the direct costs of
constructing it. Extra cost is the forgone benefit of the National park as
recreational area. The way of just calculating the benefits and costs and
compare these two items are too simplistic and to some extent incorrect.
The decision to build is essentially irreversible: the ecological effects could
damage the environment. The decision to defer building is however
reversible. This asymmetry, when properly taken into account, leads to
rule, which says, build only if benefits exceed costs by a certain positive

amount.

Building the canal by government to National park has much in common
with TSO transmission network investment, while both are driven by
government, investment is significant and the nature of investment is
irreversible and long-term. Also environmental aspects must be taken into

account while analyzing the investment decision.

Here in table 1 below is the summary of investment aspects from private-
owned and governmental company perspective. The table shows the
relevant differences between private investments and governmental
investments. TSO investment is governmental investment due to TSO
status as franchised monopoly and this characteristic affects the decision-
making of investment. The purpose of investment is to create the
environment where the electricity market players may function properly. In
governmental investments the social welfare and environment aspect
needs to be taken into account. Also for example the guidance for
decision-making comes from the regulation and from political decision-

making.
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Table 1. Investment from private-owned and governmental company perspective

INVESTMENT IN PRIVATE-OWNED IN GOVERNMENTAL
COMPANY COMPANY
PURPOSE OF * contribute to future output e supply side: create an
INVESTMENT * economic growth environment in which
* maximize shareholder’s workers and owners of
profit capital have the maximum

incentive and ability to
produce and develop goods
* demand side: increase

consumption

DECISION MAKING * risk-return trade-off  cost-benefit analysis incl. i.e.
social welfare and

environment aspects

OWNERSHIP e usually multiple private e government —based
shareholders

DECISION e strategy formed by * regulation and government
FRAMEWORK management guidance
Econowmics * micro economics * macro economics

2.2 Competitive market and Market equilibrium

2.2.1 Foundation of competitive market

One key element in a functioning market is competition. A model for
competitive market is set by supply and demand. When market is
competitive, its behavior is well described by the supply and demand
model. The five key elements in this model are: demand curve, supply
curve, the set of factors that cause the demand and supply curve to shift,
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the market equilibrium which includes the equilibrium price and equilibrium
quantity and finally the way the market equilibrium changes when the
supply or demand curve shifts. (Krugman& Wells 2009)

Competitive market is in a equilibrium when price has moved to a level at
which the quantity of good or service demanded equals the quantity of
supplied. The price at which this takes place is the equilibrium price, also
referred to as market-clearing price. (Krugman & Wells 2009)

2.2.2 Market efficiency

Also market efficiency is one of the key concepts in functioning market. As
far as possible, there should be efficient use of resources to achieve
society’s goals. It is acknowledged that well functioning markets usually
lead to efficiency. The government doesn’'t need to enforce efficiency
because in most cases the invisible hand does the job. In an efficient
market the incentives to build into a market economy already ensure that
resources are usually put to good use, and that opportunities to make
people better off are not wasted. In cases of market failure the individual
pursuit of self-interest found in the market makes society worse off and
makes market outcome inefficient. When markets fail, government

intervention might help. (Krugman & Wells, 2009)

When markets don’t achieve efficiency, government intervention can
improve society’s welfare. This means that when markets go wrong, an
appropriately designed government policy can sometimes move society
closer to an efficient outcome by changing how society’s resources are
used. (Krugman & Wells, 2009)
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2.2.3 Law of one price and arbitrage opportunities

One key element in market efficiency theory is the law of one price.
Krugman& Wells (2009) states that in any well-established, ongoing
market, all sellers receive and all buyers pay approximately the same
price, and it is called market price. The market price always moves
towards the equilibrium. Bodie et al. (2009) speaks about the law of one
price, which posits that a good must sell for the same price in all locations.
In the Nord Pool the electricity price is determined in exchange by supply
and demand at first hand with system price, which is the target price for
integrated market, and after that the area prices are formulated due to

transmission capacity limitations.

When the law of one price is violated, an arbitrage opportunity rises. The
arbitrage opportunity is based on an assumption, that there are different
prices for a single identical good in two locations, no transport costs and
no economic barrier existing between both locations. The arbitrage
mechanism can be triggered from supply or demand site with following
example: All sellers have incentive to sell their goods in the higher-priced
location, driving up supply in that location and on the other hand, reduce
supply in the lower-priced area. If the demand remains constant, the
higher supply will force prices to decrease in the higher-priced location
and the lowered supply area will have a higher price. (Bodie et al., 2009)

In the Nordic electricity market the market mechanism enables the law of
one price in principal. On daily basis there are bottlenecks in the
transmission network, which causes that there are area prices formulated
in each area in the Nordic electricity market. Also arbitrage opportunities
rise, because the price differences won'’t reduce, unless the bottleneck in
transmission network is reduced by TSO investment.
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2.2.4 Agency Problem

Separation of ownership and management is common in every-day
business life in large companies. Also in TSOs, the shareholders choose
the board of directors that in turn hires and supervises the management of
the firm. This gives the firm stability and allows the qualified management
to pursue shareholders’ goals. (Fingrid, 2014b; Bodie et al., 2009)

The separation of ownership and management is practical solution but
there lies a danger of an agency problem. Agency problem is potential
conflict of interest where managers, who are hired as agents of
shareholders, may pursue their own interests instead. For example, the
managers might avoid risky projects even when it would be shareholders’

interest.

This agency problem is seen in the Nordic electricity market, where the
Nordic energy regulators have stated that the Nordic perspective is more
needed in transmission network development. Nordel has tried to obey
this wish by forming the packages 2004 and 2008 of prioritized cross-
sections investments in the Nordic electricity market. Even though the
owners’ representatives (the regulators) have pushed for the transmission
network development in their statements, it is still TSOs planning and
decision-making that counts in order to get the investment plans forward.
Structural bottlenecks still seem to exist in the Nordic electricity market,
and threaten both security of supply and also social welfare by forming
higher electricity prices to one area compared to other areas.

2.3 International politics
Nordic TSOs are franchised monopolies owned either completely or partly
by governments, and the TSO have mandate to operate on independent

level constrained by regulation and the owner’s instructions. Even though
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the operations are carried out independently, it is essential to knowledge
that for example when Nordic TSOs are getting a permission to build a
new transmission line, the licensing authority is a national regulator or an
environmental authority. Regulation and rules for the operation are
modified in each country’s national legislation. From the Nordic
perspective especially important is the Nordic regulative co-operation
through the Nordic energy regulators (NordREG) and Nordic Council of
Ministers. Nowadays, EU plays a key role in legislation. Norway is not EU
member state, so EU legislation is not binding Norway like it is binding in
Finland, Denmark and Sweden. Although in electricity market issues,
Norway applies most of the EU legislation. (European Commission, 2014;
NordREG, 2010)

EU has also set an ambitious but unrealistic target in 2011 that there
would be single electricity market in 2014 in Europe. This is still a distant
target and requires legislation implementation in member countries. The
single market target requires also infrastructural investments and
improvements. Investments in EU are historically at the bottom level and
this is reflecting also to the lack in transmission capacity cross the borders.
European committee estimates that energy infrastructure requires 200
Billion EUR investments before 2020. European committee also highlights
that even though investments are huge and may cause around 1% rise in
electricity price there are noticeable benefits due to improved security of
supply and balancing the price differences. (Hartikainen, 2013)

2.4. Theoretical framework of functioning electricity market

There are many key points when considering competitive market and
market equilibrium, which are the base of functioning market. In the table 2
below is presented the different market aspects and the occurrence in
functioning market. This is really important framework in order to analyze
the development of the Nordic electricity market. In later sections it will be
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discussed how these characteristics occur in Nordic electricity market.

Further it will be discussed, based on the case study and interviews, what

have been the key actor decisions both political side and transmission

system operator side to improve these market elements in Nordic market.

Table 2. Market aspects and occurrence in functioning market

MARKET ASPECT

OCCURRENCE IN FUNCTIONING MARKET

COMPETITIVE MARKET

INFRASTRUCTURE

ARBITRAGE OPPORTUNITY

MARKET EFFICIENCY

AGENCY PROBLEM

GOVERNMENT INTERVENTION

Market equilibrium price and quantity — “Law of one price”

Enables environment for competitive market

Good must sell for the same price in all locations

Efficient use of resources to achieve society’s goal

Does not occur: shareholder’s benefit is the driver

Invisible hand takes care of market ->no intervention needed

In the table 2 above there are two market aspects highlighted:

Infrastructure and Agency problem. This study focuses on these aspects.
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3 Nordic Electricity Market: Nordic model for
liberalized electricity market

The Nordic electricity market is seen as a forerunner and a success story
of electricity market integration. In the following subchapters it is presented
the factors that affect to price volatility of electricity, the Nordic market
liberalization and later the characteristics of the Nordic electricity market
and the common electricity exchange Nord Pool.

3.1 Electricity price setting

In this subchapter it's presented the factors, which affect generally the
electricity price. Later in subchapter 3.5 it is presented more in detail, how
the system price and area prices are formulated in the Nord Pool.
Electricity is a flow commodity that is strongly characterized by its limited
storability and transportability. The non-storability of electricity reflects
directly in electricity prices, as they are strongly dependent on the current
electricity production and consumption, which is determined e.g. by
weather conditions daily changes in household and commercial electricity
usage. There are fluctuations also on the availability of electricity
generation capacity, as some forms of energy production are tied to
weather conditions (Lucia & Schwartz, 2002).

The second special character of electricity is limited transportation. Lucia
and Schwartz (2002) suggest that transportation constrains for electricity
come in the form of capacity limits in the transmission lines and also
transportation losses. These limitations are also referred as bottlenecks
and explain why electricity prices are strongly tied to specific geographical
areas. (Lucia & Schwartz, 2002)
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Electricity is a volatile commodity as the price can be changed rapidly by
change in either demand or supply. Exceptional electricity price volatility is
not unexceptional in the Nordic Electricity market. Usually electricity prices
go higher on the wintertime, when the demand of electricity goes up. But
the vulnerability of the market may come up also in the summertime with
high price peaks in the Nordic electricity market. For example on 6™ of
June 2013 between 12 p.m. and 13 p.m. the price on the Finnish price
area 109,78€/MWh was more than double compared to a system price
43,51 €/ MWh. On 7" June in Denmark the price was 40 times bigger than
usually and momentarily the price rise to over 2000 €/ MWh due to lack of
wind power. The lobbyist for electric company shareholders Elfin,
forecasts high price peaks in Finland also in the near future.
(Taloussanomat, 2013).

Elfin suggests that rapid price volatility is based on the lacking
transmission capacity, in this case one reason is a malfunction with
Fenno-Skan1- sea cable between Finland and Sweden. Also import from
Russia is uncertain especially on peak hours, because Russia is not
exporting electricity to Finland during these hours. This reveals Finland’s
dependence on different external factors and especially the need for
cross-border transmission capacity to Sweden and Russia. Area price in
Finland rises when there are limitations in the transmission network and
also this gives a signal of non-functioning market in the whole Nordic area,
where in the common market area the one main focus is to balance the
prices. Elfin suggests that Finland should have more base production and
also countertrade used in internal congestion management should be
implemented also to cross-border capacity. This is the way the capacity
cross-border could be all the time available even when there are
disturbances in the transmission network. (Kauppalehti 2013;
Taloussanomat 2013)
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3.2 Nordic market liberalization

Electricity markets in the Nordic area have undergone major restructuring
starting from the mid 1990s. The Nordic electricity market was opened for
competition in electricity generation and retailing. Norway was the first
country to lead market restructuring and liberalization based on Energy
Act in 1990. (Srivastava et al., 2011)

In the resulting Nordic electricity system, the transmission network is
owned and operated by a number of independent transmission system
operators, whose activity is subject to regulation and control by public
authorities. This guarantees a non-discriminatory access to the
transmission network to all market participants in the Nordic electricity
market. The Nordic wholesale electricity market combines both over the
counter bilateral contracting and trading via the Nordic Power Exchange
ASA. (Lucia & Schwartz, 2002)

This replacement of previous joint production with a competitive market
was expected to result in efficiency gains and lower prices to the
consumers. The new competitive situation was also assumed to improve
the position of the consumers and their freedom of choice of electricity
supplier. (Ek & Séderholm, 2008; Hellmer & Warell, 2009)

According to Amundsen and Bergman (2006) the majority of experts and
analysts believe that the creation of the Nordic electricity market has been
successful. There are supporting analysis of productivity gains in the
power industry, and the wholesale and retail profit margins have
decreased because the competition has increased.
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3.3 The Nordic electricity exchange Nord Pool

The common Nordic electricity exchange Nord Pool was established in
1993 and covered first only the Norwegian market. Sweden joined in
January 1996, followed by Finland in June 1998 and the Western part of
Denmark (Jutland and Funen) in July 1999. Nordic and Baltic transmission
system operators own Nord Pool. Basically Nord Pool offers a “physical
market” (Elspot). Recently, also Baltic countries have joined the exchange.
Today Nord Pool is the world’s largest market of its kind and provides the
leading marketplace for buying and selling power in the area mentioned
above. (Lucia & Schwartz, 2002)

Here in figure 2 below is presented the market players of the Nordic
electricity market. Like in many other markets, there is a wholesale market
and a retail market and there are the three usual players: the producers,
the retailers (Traders and Brokers) and the end users. The electricity
exchange combines all the market players to the common market place.

Producers

Electricity
Exchange

Figure 2. The market players in the Electricity exchange (Nord Pool, 2006)

In general, all power producers and consumers can trade at the Nord
Pool, but in reality only big consumers such as distribution and trading
companies and large industries, and on the other hand generators act on
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the market. Smaller companies are able to form trading cooperatives or
engage with larger traders to act on their behalf (Srivastava et al., 2011).

Nord Pool offers both day-ahead and intraday market for electricity
trading. Elspot market is a “spot” market where day-ahead electric power
contracts are traded for physical delivery for each one of the 24 hours
during the following day. Power producers and consumers submit their
bids to the market 12-36 hours in advance of delivery, stating the amounts
of electricity supplied and demanded with the corresponding price
(Srivastava et al., 2011). A price, called the System Price, is fixed
separately for each hour of the next day. It's based on the balance
between aggregate supply and demand for all participants in the whole
market area. It doesn’t take in to account the capacity limits also referred
as bottlenecks in the transmission network among countries. In other
words, system price can be defined as the market clearing price at which
market participants trade electricity for the entire exchange area where no
transmission constrains apply. It is also reference price in settlements at
the Nord Pool’s financial market. (Lucia & Schwartz, 2002)

As spot market functions as day-a-head market, Elbas is a continuous
cross-border intra-day market that covers Nordic countries, Baltics region
and Germany. The adjustment in this market is made one hour prior to
delivery. Elbas has the characters of real exchange: it is real-time market
with high volatility electricity prices and unknown prices carry a great
economical risk. To keep up the power balance participants are obligated
to report the trades to their local TSO. This reduces the imbalance risk
since the power is known an hour ahead. (Srivastava et al., 2011)
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3.4 Nord Pool as a functioning market

Competition in Nordic market has developed well since opening the retail
and generation to competition. This is partly due to consumer behavior
where the incentive is provided by the high electricity consumption of
Nordic households compared to UK and OECD countries: The annual
consumption in Sweden and Finland is 7-8 MWh and in Norway 16MWh,
while in UK and OECD the average is about 4 MWh. (Littlechild 2006)

Nord Pool is seen globally as a very well developed market, because in
practice there is one pool for the Nordic countries. There are also other
practices how to arrange electricity markets like in the UK, where the
market is based on presumption that private markets are sufficient for
efficient energy trading. It is also designed to improve opportunities for risk
management with private bilateral contracts as opposed to central pool
where market-clearing spot prices may have volatile character. On the
contrary, the US Market is moving towards single pool for energy trading,
which is based on centralized unit commitment and also dispatch of
generators and locational marginal pricing. (Srivastava et al.2011)

Electricity market group announced (2006) that the “Nordic electricity
market has been a model market in a European context as well as global”.
Also it states that the harmonization of the electricity market has been

success story over a period of several years.

According to Srivastava et al. (2011) there are some weaknesses in the
Nordic market, such as market power arising from transmission
congestion. Also high transaction cost and tough market entry via
restricted site availability and environmental restrictions cause downside to
the Nordic market. Furthermore, Nordel has stated that there is a need to
“improve function of market, to ensure acceptable security of supply and to
facilitate more flexible power exchange between the Nordic countries” as

well as “to reinforce the transmission network due to increased
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consumption in some areas and due to new plans for generation plants”.
(Nordel, 2009)

Table 3. Production, Consumption and surplus/deficit in Nord Pool area in 2012 and 2013 (Nord Pool
2014c)

Production (TWh)

Year NO SE FI DK EE LT
2013 1334 147,8 66,0 32,5 11,5 3,5
2012 1463 161,6 65,7 28,7 10,5

Consumption (TWh)

NO SE FI DK EE LT
2013 1281 137,5 81,4 33,5 7,9 9,7
2012 1282 141,7 82,9 33,8 8,2

Surplus/Deficit (TWh)

NO SE FI DK EE LT
2013 53 10,3 -15,4 -1,0 3,6 -6,2
2012 181 19,9 -17,2 -5,1 2,3

In the table 3 above is presented the production, consumption and surplus
or deficit in Nord Pool area countries in years 2012 and 2013. Sweden
generates the most among the Nordic members with of total energy
produced for the region and it also has the biggest surplus, 10 TWh in
year 2013 and almost 20 TWh on year 2012. Norway produces also
surplus and it is important electricity exporter beside Sweden. Finland has
the same amount deficit than Sweden and Norway produce surplus
together. This supports the fact that Finland is depended on electricity
import. It is also well known, that thermal power generation in Finland and
Denmark act as “swing-production” determined by the level of hydropower
generation in Sweden and Norway (Srivastava 2011).

There are also discrepancies in the electricity production between
countries that are causing dependency on electricity import. Mauritzen
(2013) has studied the market functioning in Nordic market from the
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viewpoint of hydro and wind power between Norway and Denmark. It is
highlighted that hydropower can act as “battery” where large amounts of
wind power are installed. It is acknowledged that Denmark exports
increased amounts of wind power to Norway and this happens in the
larger periods when Norway has actually plenty of own hydropower.
Newbery (2010) states that when wind power production is low, electricity
prices are likely to increase, providing and incentive for hydropower
producers to increase their production. Although it's mentioned that though
the interaction of wind power in Denmark and hydropower in Norway
appears to be strong, restrictions in transmission network between
countries is “common occurrence and limits the transaction” (Mauritzen
2013).

3.5 Zonal pricing as market mechanism

Nord Pool is using zonal pricing model. The price formation in zonal
pricing model is made in two phases. First, actors in market submit their
supply offers and demand bids to the market. In second phase, the
available transmission capacity is checked in order to enable price
equalization across the market. The entire market receives the same
price, if there are no interzonal congestions in the network. If there are
limitations with transmission capacity, price differences occur between the
zones. Then in each zone, all the generators with winning offer receive the

zonal price and consumers pay the same price. (Viljainen et al. 2012)

There are also some challenges with zonal pricing model. The assumption
of non-congested network is base for the entire functioning of the model.
The zonal pricing model is not often capable of handling market power,
like gaming opportunities that may arise from (repeated and at some level
likely anticipated) congestion situations (Henney, 2002). In next chapter
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are presented the bottleneck occurrence in the Nordic electricity market
and how the congestion rent is calculated and managed.

3.6 Bottlenecks in the Nordic electricity market

3.6.1 Cost of transmission constraint

Bottleneck situations appear when the required electricity flow between
any two given areas exceeds the capacity limits of the transmission lines.
The national transmission system operators have established some
methods for handling bottleneck situations, depending on the specific
involved areas. Bottlenecks (both between any two countries and internal)
are managed using the price mechanism in the spot market with price
adjustments for the involved areas. Area prices, also referred as zonal
prices, are calculated besides the system price when the required power
flow between two or more areas exceeds the capacity limits. Internal
bottlenecks in other countries are managed directly by the national
transmission network operators, and the cost of the regulation is financed
through tariffs for power transmission. (Lucia & Schwartz, 2002)

Nord Pool (2014) defines the cost of transmission constraints on following
way: “While supply and demand are the key factors determining the hourly
market prices, transmission capacity also plays a role. Bottlenecks occur
where power connections are linked to each other, if large volumes need
to be transmitted to meet demand. To relive this congestion, different area
prices are introduced. In other words, when transmission capacity gets
constrained, the price is raised to reduce demand in the areas affected.”

Nord Pool (2013) defines that these price differences “generate ownerless
income on the spot market trading flow from the area with the lower price
to the area with higher price.” This income is referred as congestion rent
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and it's aggregated within Nord Pool Spot from the Elspot settlement. This
income is allocated to the TSOs as owners of the transmission network.

Srivastava et al. (2011) highlights that Nordic TSOs do not reallocate
congestion rents to load scheduling entities as a hedge against their cost.
Nord Pool introduced contracts for differences in 2000, which have no
connection to the TSO or to congestion rents but are concluded among
participants to exchange or swap their locational risk-profiles (Kristiansen
2004). Cross-border congestion revenues for TSOs are earmarked to
being used in both regional and inter-regional transmission network

expansion projects (NordREG, 2007).

It is interesting how each TSO are using the congestion income they
receive, for example Sweden and Finland uses 100% of congestion
income to build new lines and in Denmark and Norway the income is
spend to tariff reduction for customers (Nord Pool, 2013b). The differences
in usage of congestion income between these countries may reflect to the
agency problem discussed earlier. In figure 3 below is presented the price
areas and cross-border connections with the size of capacity in the Nord
Pool area. Denmark and Finland formulate their own price areas, Sweden
is divided into four areas and Norway into five price areas. The South
West Link reinforcement (SE3-SE4, SE3-NO1) is the capacity size of
1000-1200 MW, so compared to current 2095-2145 MW capacity between
area SE3 and NO1, the Western part reinforcement would have been
significant upgrade for the transmission network between Southern
Sweden and Norway. (Nordel 2009)
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The maximum NTC values are valid
from 3rd July, 2014.

Figure 3. Cross-border connections and transmission capacity in the Nordic market (Nord Pool, 2014e)

3.6.2 Calculation of the congestion rent

The congestion rent is calculated separately from the Elspot area prices
and the Elspot trading flow between price areas. The congestion rent on
one area connection for specific hour between bidding area A and B with
expected flows can be calculated as follows (Nord Pool, 2013b):

(Pb — Pa)xFa - B (1)

Where Pa stands for area price A, Pb area price for area B and Fa — B the
flow going from area A to area B.

It is possible to calculate congestion rent as an example related to this
case study: Congestion rent for one hour on the NO1- SE3-connection,
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where the area prices are assumingly in delivery hours 17-18 40€/MWh in
NO1 and 45.5 €/ MWh in SE3. The Elspot flow between these price areas
are 1850MW and the congestion rent for this hour is as follows:

(45.5 EUR- 40 EUR)x 1850 MW =10 175 EUR

The bottleneck income in the Nordic area is presented more in detail later
in the Case study section.

3.6.3 Management of bottlenecks

It is stated that congestions in the transmission network will naturally occur
and must be handled. That is why it is important to have clear principles
on how to operate the existing transmission network in most efficient way.
The important argument is that efficient handling of congestions will
benefit the common Nordic electricity market and Nordic consumers or
producers in general. (Nordel 2008)

2007 Nordic energy regulators published a report of Congestion
management in the Nordic region. The purpose was to summarize the
discussion regarding congestion management in the Nordic countries
taking into account new EU Congestion Management Guidelines. Other
purpose was to identify the key issues in order to implement the guideline
in Nordic market. (NordREG 2007)

On daily basis the congestions between Nordic bidding areas are handled
in day-ahead markets through market splitting. Internal congestions are
handled through counter trade or by reducing interconnector capacity at
the Elspot bidding area borders. The question of how to deal with internal
congestion is valid because there are options to continue countertrade or
split the market to bidding areas. The congestions that occur after the
closure of the Elspot market are solved by utilizing the Elbas (intra-day)

market and Nordic regulating market, where producers and big consumers
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offer to increase or reduce production or consumption compared to what
the original producing or generating plan was. This is the way to
downstream the flow in the congested line. (NordREG 2007)

One long-term solution, market splitting, gives market players opportunity
to trade electricity from the low price area to the high price area,
simultaneously keeping the system within safe limits given by the TSOs.
Market splitting gives to TSO an income when congestion occurs. On the
other hand, a second congestion management method, counter trade, is
method where the TSOs correct the flow of electricity by market-based
redispatch to ensure that the flow of electricity stays within security limits.
TSOs have to pay for this service, so it means cost for TSOs, and this cost
is normally covered by transmission network tariff. If interconnector
capacity is often reduced due to internal bottlenecks, there may be
reasons to evaluate the geographical structure and number of bidding
areas. (NordREG 2007)

In 2007, NordREG stated that “the current Nordic practices to reduce
capacity for trade as a mean to handle internal congestions result in a less
integrated Nordic market, than available physical capacity would suggest”.
This reflects to the efficiency of the market, when there is unutilized
generation capacity on low price area. The integrated Nordic electricity
market is important due to differences in generation system, consumption
patterns, and weather impacts on the electricity sector. Also large trade
capacities across Nordic countries will improve the security of supply.
(NordREG 2007)
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4  Nordic Co-operation in transmission network
development

4.1 Stakeholders in Nordic Electricity market

The electricity market is a complex system and there are many roles in the
market. The main roles in Nordic electricity market are presented in the
table 4 below.

Table 4. Roles in the Nordic electricity market

ROLE IN NORDIC MARKET

REGULATOR Separate regulatory authorities in Nordic countries. Controlling the
monopoly functions (i.e. network owners and system operators).
Also trading regulation in physical and financial market

MARKET OPERATOR The Nordic power exchange Nord Pool. Only common market
place. Bilateral trading is mainly organized in minor markets

TSO Owners of the respective national main transmission network and
responsible for coordination between producers, consumers, and
other network owners

NETWORK OWNER Operates and maintains the network and is obliged to make
access possible to third party

MARKET PLAYERS Producers, consumers, or traders who are Nord Pool members or
operate bilaterally. The exchange members are obliged to be
connected as balance responsible unit according to mandatory
contract of balance with the TSO

RETAILERS Sell electricity to end-users

In following subchapters the focus is in the TSO’s operations and in the
Nordic co-operation on TSO and regulative level. The Nordic co-operation
has a key role to improve the Nordic perspective in transmission network
development. There are also assessments of how regulative co-operation
sees the TSO actions in order to improve Nordic electricity market
integration. Following subchapter also contains the presentation about
historical Nordel package of 2004, which was Nordic TSO’s jointly

formulated agenda of five prioritized cross-sections improvement in the
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Nordic electricity market. Instead of earlier national scope in transmission
network investments, this package truly concentrated on the whole Nordic
area and reducing the bottlenecks in the transmission network in the
Nordic electricity market. The package was updated in 2008, when three

more reinforcements were added to the plan.

4.1.1 Nordic Transmission system operators (TSOs)

The high-voltage transmission network in the Nordic countries is operated
and owned by the transmission system operators (TSOs) in each country.
TSO must be a non-commercial organization, neutral and independent of
commercial players. In Norway the TSO is state-owned transmission
network company Statnett and in Sweden Svenska Kraftnat. Also in
Denmark (Energinet.dk), Estonia (Elering) and Lithuania (Litgrid) the TSO
is state-owned. Finland differs slightly from others with the Finnish TSO
Fingrid being partly owned by state (52,3%) and partly by Finnish
insurance companies. (NordREG, 2010; Fingrid, 2014Db)

The TSO is mainly responsible for the operations and development of the
high voltage grid. TSO is also responsible for the security of supply in its
country and to ensure non-discriminatory access for market participants to
the main electricity infrastructure and high-voltage transmission networks.
Consequently, TSO has a power to rule and control the electricity system
in operating country. It's understandable that there has to be “bigger
power” upon the commercial players. Simplifying, the commercial players
deliver to each other and the end users only the prices and the bills. TSO
is responsible for the commodity arriving at the end users’ site. When the
electricity market is liberalized the commercial players have only financial

services.

The transmission network in the Nordic countries has been built up during
decades in order to basically cover the national demand of each country.
Early in the development of Nordic national power systems it was
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recognized that linking the systems together could improve security of
supply and also enable the more efficient use of the existing generating
capacity. (NordREG 2007)

In the figure 4 below are illustrated the core activities of TSOs from Nordel
and NordREG viewpoints. Nordel and NordREG had different approaches
in defining core activities of TSOs. The figure 2 show, that Nordel and
NordREG both underlined the security of supply and balancing, but Nordel
had a limited view of system responsibility and NordREG looked at the
whole TSO field. One main difference is that NordREG highlighted the
efficient functioning of the electricity market as TSO core activity, which is
lacking from Nordel’s list.

NordREG

-To ensure the operational security of the power

Nordel system

Transmission system operator -To maintain the momentary balance between

demand and supply

-System operator o
-To ensure and maintain adequacy of the

transmission system in the long run

-Balancing settlement operator

- To enhance the efficient functioning of the
electricity market

Figure 4. TSO's core activities (EMG 2006)

4.1.2 Nordic energy regulators (NordREG)

Nordic energy regulators cooperate through NordREG. In 2010 Report to
Electricity market group under the Nordic Council of Ministers (EMG)
NordREG highlights that cooperation is based on a strong consensus and
common understanding of the Nordic market. In addition NordREG wants
to highlight the value of a well functioning common Nordic electricity
market linked to the further European electricity markets. (NordREG,
2010)
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There are also challenges. For example, in spite of strong political support
for agreed investments in co-operation, the experience shows that there
are many obstacles to these investment plans to come true. NordREG
states that the obstacles are differences in the national legislation and also
in processes for approval of network investments. In addition clear models
for decision making and financing are missing. This is especially
problematic in the case where the investment affects more than two
countries, or when the distribution of costs and benefits is perceived to be
unequal. (NordREG, 2010)

NordREG report concludes that “Acts and regulations in all Nordic
countries are written with reference to national conditions and do not take
into account explicitly the Nordic perspective”. One important difference
from case study viewpoint is that for building a line an explicit socio-
economic assessment is only required in Norway and Denmark. Other
difference is that the licensing authorities decide line-route in Sweden and
Norway. The similar decision in Denmark is made by environmental
authorities and in Finland during the Environmental Impact Assessment
process. (NordREG, 2010)

According to NordREG, TSO’s processes and evaluation criteria for
investment in Nordic are quite similar. They base their evaluation on highly
common criteria used under the former Nordel cooperation. The Nordel
criteria imply that for an investment project the socioeconomic benefit is
essential. Nordel criteria also take into account socioeconomic benefit of
both interconnectors and national investments and effects on Nordic
electricity market, and this differs from regulatory views. (NordREG, 2010)

4.1.3 Nordic Council of Ministers (NCM)

Nordic Council of Ministers represents the high-level political co-operation

in the Nordic electricity market. Their goal is to “promote Nordic co-
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operation on energy by coordinating energy supply and consumption in
accordance with sustainable developments, and by maintaining secure
energy supply on a high level”. They concentrate on several main areas
like joint Nordic electricity market, a joint Nordic gas market and efficiency
aspects on energy sector. (Norden, 2006)

This co-operation is one of the oldest and most wide-ranging partnerships
in the world and it involves Denmark, Finland, Iceland, Norway, Sweden,
The Faroe Islands, Greenland and Aland. The target is to reinforce the
Nordic community and also respect national differences and similarities.
One important issue is to uphold Nordic interests towards foreign countries
and promote good relations between neighboring countries. (Norden,
2006)

Ministers have stated that market is well functioning in many respects.
However, it was also emphasized that further development of the Nordic
electricity market is needed towards the objective including a regional
market without borders. The ministers regarded a further co-ordination of
the system responsibility and also development of joint Nordic solutions for
transmission network investments. These are most important steps
towards the goal. (Norden, 2006)

Nordic Council of Ministers highlight that increased harmonization in the
Nordic electricity market can lead to improved economic efficiency and a
better functioning market. One big step was to reveal the idea of joint
Nordic TSO. Other harmonization targets included optimal transmission
network investments, and price signals to market participants to handle
congestions and cost in the transmission network. Also Nordic Council of
Ministers argued some practical challenges: ownership and political
issues, which might prevent the formulation of joint TSO. (Norden, 2006)

Nordic Council of Ministers have also criticizes TSOs about commitment
lacking in order to develop the Nordic transmission network on the same

ambitious than Council of Ministers have; “It seems clear from our analysis
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that increased commitment and focus on the Nordic perspectives is
needed from the TSOs”. (Norden, 2006)

4.1.4 Electricity market group (EMG)

Electricity Market Group (EMG) is responsible for following through
resolutions from Nordic Council of Ministers. EMG coordinates the yearly
work and prepares the background documents for the Minister's annual
meetings. Electricity market group has an important role as coordinator of
declarations and follow-up efforts of decisions of The Nordic Council of
Ministers for Energy. EMG has strongly underlined the importance of
strengthening the Nordic perspective in transmission network developing.

EMG also reveals interesting fact that whereas there is a long tradition and
strong political support for the Nordic energy co-operation, there has not
been a legal basis for it. The successful cooperation is based on
consensus and common understanding. Now in the Region Northern
Europe there is a legal obligation to cooperate and harmonize as stated in
the Congestion management guidelines by the Commission according to
Regulation 1228/2003. Since 2008 and 2009 the legal and regulatory
efforts by the European Commission has changed the work in the Nordic

region more than previously.

4.2 Co-operation between Nordic TSOs

Nordic electricity market functioning relies on the common network. The
official co-operation in Nordel has started already in 1963. Nordel acted as
an advisory and recommendatory body for co-operation between the
Nordic TSOs of Iceland, Finland, Norway, Sweden and Denmark. Due to

Iceland’s geographical location, the transmission network is independent
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system, so Iceland is not taking active part to the Nordic transmission
network development. Nordel was closed 2009 and all the operations and
responsibilities were moved to European transmission network co-
operative ENTSO-E. Although now part of ENTSO-E, the main part of
historical development of Nordic transmission network was carried out in
Nordel.

Currently the operation of the Nordic market has been based on a set of
voluntary agreements between the four national TSOs. Even though
voluntary agreements and TSO co-operation in Nordel has been the base
of transmission network development, Nordic Council of Ministers has
criticized the lack of commitment from TSOs, and has suggested solutions
to harmonize the Nordic market. In 2006, NCM suggested two main
approaches to develop the functioning of the Nordic market: Coordination
or Integration, which are presented more detailed in Figure 5. (Norden,
2006)

| A

Voluntary case by case Company-based
_ cooperation L integration R
Functional committing
Coordination |\ Voluntarily solutions S°0Peration: One Q”e
1. Agree- 2. "single Nordic  Nordic
ments purpose’ SO TSO

(Nordel) company

! T

Figure 5. Two ways towards harmonization on the Nordic level on the TSO level (Norden 2006)

The first direction is towards keeping the existing TSO organizations intact
and target to improve cooperation through more formalized agreements.
The other way is the company-based integration of the existing TSO
activities. Based on this two mainlines, there were five organizational
models introduced: Continued and improved harmonization, a joint Nordic
TSO, a joint Nordic ISO (Independent System Operator), a Nordic
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transmission network/inter-connector company for new investments and a
Nordic Market Operator (ISO with increased functions). (Norden 2006)

It is highlighted that “in general all the problems could be solved through
negotiations and agreement between Nordel members or bilateral
agreements”. It is also mentioned, that side-payments could speed up
such agreements, but in practice this might be quite difficult.

4.2.1 Packages 2004 and 2008

Nordel revealed 2002 Nordic Transmission network Master Plan, which
included analysis for common transmission network development in
Nordic electricity. The Transmission network Master Plan 2002 pointed out
the locations of the transmission network where the strengthening of
transmission capacity should be examined more specific. Also it was
highlighted that transmission needs should be examined over a long
perspective, until the year 2020. (Fingrid, 2002)

As a result, in 2004 the Nordic TSOs jointly identified five critical cross-
sections in the Nordel area. These five prioritized investments were
pointed out based on where expansions were expected to have great
significance for the Nordic electricity market. Nordel stated: “to ensure
market service and security in the Nordic electricity system in future
congestion in system should be reduced”. This problem occurred
especially in Southern area of Nordel in Denmark, Southern Sweden and
Southern Norway. (Nordel, 2004)

In completing its grid plan in 2004, Nordel analyzed the future power and
energy situation, which were essential for the investment decisions
concerning transmission network expansions, that are commonly decided
under great uncertainty. The starting point was that Nordel area would
have an energy deficit in 2010, so the need for transmission network
expansions was relevant issue. (Nordel, 2004)
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Beside the technical and socio-economic analysis, Nordel made the socio-
economic analysis, which showed the costs and utility values of individual
cross-sections for the Nordic area. Nordel highlighted that based on
analysis, the socio-economic benefits would be even greater in extreme
years such as dry years and wet years. The use of utility criteria (figure 6)
was new aspect in Nordel area. It was a method, which had been
developed for highlighting the value of the elements in the Nordic socio-
economic analyses from the market perspective. One interesting point is
“the value of a better-functioning market”. It is supposed to show the ability
of individual expansions to reduce the generators’ ability to exercise
market power. From socio-economic point of view the most important
criteria is “Production optimization and energy conversion”. It takes into
account a compilation of producer and consumer surpluses as well as

congestion rent for the Nordic area and by region. (Nordel, 2004)

Production
optimization and
energy conversion

The value of a
better-functioning
market

Reduced risk of
power failure

Trade in
regulating power
and ancillary
services

Changes in losses

Lower risk of
energy rationing

Figure 6. Utility values of transmission network investment (Nordel 2004)
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Nordel (2008) extended the 2004 package with three new reinforcements
in 2008 and this package included South-West Link Western part
reinforcement. The reinforcements and their status are presented in table
5 below. It is noticed, that South West Link, Western part is the only

cancelled project by far of the investments supported by Nordel.

Table 5. Five prioritized cross-sections 2004 and three new reinforcements in 2008 by Nordel Analysis
(2009)

NORDEL TRANSMISSION LOCATION STATUS

PACKAGE NETWORK INVESTMENT

PACKAGE 2004 e THE SOUTH LINK e BETWEEN COMPLETION 2015
CENTRAL AND
SOUTHERN
SWEDEN

e GREATBELT e BETWEEN FUNEN COMMISSIONED 2010

CONNECTION AND ZEALAND IN
DENMARK
COMMISSIONED 2011

e FENNO-SKAN ¢ BETWEEN FINLAND

CONNECTION 2 AND SWEDEN
e NEA- ¢ BETWEEN COMMISSIONED
JARPSTROMMEN NORWAY AND 2009
CONNECTION (NEW) SWEDEN
CONNECTION (NEW) NORWAY AND (EXPECTED) 2014
DENMARK

PACKAGE 2008 *  SOUTH-WESTLINK | * EXTENSION OF THE , CANCELLED 2013
SOUTH LINK INTO
SOUTH-WEST LINK

e 420KV ACLINE POSTPONED FROM

ORSKOG-FARDAL

*  SWEDEN-NORWAY,
NORTH-SOUTH 2013102015

AXIS

e 420KV AC LINE COMPLETION 2016

OFOTEN-

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

e SKAGERRAK 1 BETWEEN ; COMMISSIONED
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
e THEARCTIC ! !
REGION | |
1 1

i BALSFJORD- i

1 1

1 1

1 1

HAMMERFEST
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4.2.2 Integration of Nordic Electricity market

As noticed in previous sections Nordic Electricity market is integrated
market, but there is lot of potential for improving the transmission network
further. In figure 7 below is presented the effect of new transmission
network reinforcements of Nordel package 2004 to the price differences.
The figure shows how many percentage yearly the price differences were
less than 2€/MWh comparing Finland and Sweden, then comparing
Sweden, Finland and Norway, and the whole Nordel area. It is notable that
for example in 2005 and 2006 in whole Nordel area the price difference
was less than 2€/MWh only 44% of the time.

Percentage of year, price difference less than 2 €/ MWh

Sweden and Finland Sweden, Finland and Norway Total Nordel

e e e

Statistics Statistics Statistics

2005: 93 % 2005: 80 % 2005: 44 %

2006: 95 % 2006: 71 % 2006: 44 %

After the five prioritised After the five prioritised After the five prioritised

cross-sections and the new cross-sections and the new cross-sections and the new
proposed reinforcements proposed reinforcements proposed reinforcements
- average for all years: 94 % - average for all years: 88 % - average for all years: 79 %

Figure 7. Percentage of time with an area price under 2€/MWh (Nordel 2008)

This figure shows how important investments are to lower the price
differences in the Nordic market area. It is also seen that between
Sweden and Finland the price differences stay low (small price gap in 95%
of time in 2006), but when Norway is included the percentage lowers to
71% in year 2006. When also Denmark is included the percentage drops
to 44%. This signals huge volatility of area prices in the Nordic area.

42



Figure also shows that how the five improvements effect on price
differences positively: the percentage of time with small price difference is
risen from 44% to 79% in total Nordel area. The important aspect is that
these values are sensitive for other reinforcements. For example,
increased capacity between Jutland and Germany would lead to reduced
time with equal Nordic prices. (Nordel 2008)

Nylund (2010) has studied the integration of Nordic electricity transmission
networks. Nylund states that the ability to exchange electricity between
countries in a large region gives implications for both technical and
economic aspects. Positive consequences arise from higher utilization of
low cost generation, a larger market for competition, increased security of
supply and also better access to regulating power to improve the
integration of renewable generation such as wind power in the Nordic
electricity system. Nylund finds that these possibilities and benefits are
however limited by the scope and capacity of transmission networks.
Needed transmission network investments are expensive projects and if
the scope of expansion crosses national borders, challenges might occur

in coordination and cooperation between responsible actors.

It is stated that transmission capacity expansion is “a highly
interdependent process that often results in spill-over effects on several
countries. Investments that give regional benefits are not always profitable
for one or two countries to pursue alone.” This means that even though
Nordic countries have made cooperation in planning investments, they
should also make special cost sharing agreements, and this cost
allocation should be based on benefits among countries. (Nylund 2010)

4.2.3 Nordic electricity market in European market integration

One important issue is the further integration of Nordic electricity market.

Nordic electricity market is becoming increasingly more involved in

43



European electricity market, where European Commission has set really
ambitious target (directive 2009/28/EC) of an overall quota of 20%
renewables in gross consumption of energy by 2020. It has also
established Energy Roadmap 2050, which highlights the future integration
of European market (European Commission, 2012). European
Commission is also taken into account the process of liberalization and
integration of national power markets, especially addressing cross-border
issues. According to Jaehnert et al. (2013), “in order to effectively exploit
the resources, sufficient transfer capacity must be available between
Nordic region and Continental Europe.”

Jaehnert et al. (2013) point out that when assessing the future
development of the Northern European power system, significant changes
in the operation and in the power market outcome may occur. For
instance, price volatility may increase significantly because of the
increased power production from renewable energy sources. Furthermore,
the hydropower production may become more volatile when used to
balance the variable power production from renewable energy sources.

European Commission has set main drivers for the future power system
development: an internal electricity market in Europe, an increase in the
security of supply in Europe, the promotion of energy efficiency and the
utilization of renewable forms of energy sources towards the development
of more sustainable European power system, and the promotion for the
interconnection of various energy networks. (European Commission,
2012)

Due to European integration, nowadays Nordel is part of the ENTSO-E
(The European Network of Transmission System Operators for Electricity),
which was established 19" December 2008 and become fully operational
2009. The main purposes are to “pursue co-operation of the European
TSOs both at the pan-European and regional level and to have active and

important role in the European rule setting process in compliance with EU
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legislation.” Nowadays, 41 TSOs from 34 European countries are
members of ENTSO-E.

ENTSO-E has published its Ten Years Network Development Plan
(TYNDP) in years 2010,2012 and 2014, which identified future
development requiring expansions of the European transmission system
between 2012-2020 and further. The latest plan (2014) meets the
European Commission regulation EC714/2009 whereby ENTSO-E shall
adopt a non-binding Community-wide 10 year network development plan.
TYNDP 2014 highlights that “Transmission network development is a vital
instrument in achieving European energy objectives, such as security of
supply across Europe, sustainable development of energy system with
renewable energy source integration and affordable energy for European
consumers through market integration”. (ENTSO-E, 2014)

While in 2004 Nordel report the starting point was that Nordel area will
have energy deficit in 2010, the Entso-E plan builds now on an
assumption that by 2020 there will be high surplus of energy in the Nordic
countries, and this energy must be transmitted to Continental Europe, to
the UK and the Baltic states. The starting point to development plan is
highly different than 10 years ago. (Nordel, 2004; Entso-E, 2012)
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5 Investment decision-making by Transmission
system operators

5.1 Regulatory framework

Nordel has played big role in Nordic transmission network development
but it must be underlined that Nordel’'s role is to advice and recommend
transmission network reinforcements internally in the Nordel area on the
basis of an overall Nordic perspective. The decisions on the specific
projects are purely national and naturally in cross-border investments
bilateral matter. (Nordel, 2004)

The regulatory basis is that acts and regulation in all Nordic countries are
written with reference to national conditions and do not take into account
explicitly the Nordic perspective. The construction of a high voltage
transmission line requires a license in all Nordic countries and the

licensing processes are quite similar.

The licensing of transmission infrastructure, both domestic and cross-
border is essential when considering the national TSO attitude towards the
transmission network investments. In table 6 below is presented the
authority and criteria in each country in licensing of domestic and cross-

border transmission infrastructure.
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Table 6. Authority and criteria in licensing of domestic and cross-border transmission infrastructure
(NordREG 2010)

ISSUE DENMARK FINLAND NORWAY  SWEDEN
LICENSING OF | Minister Regulator Regulator Regulator (El)
DOMESTIC (EMV) (NVE)
TRANSMISSION A positive The a positive Investment has
INFRASTRUCTURE natlpna/ constrgcho_n natlpna/ to give posﬂwg
socio- of the line is socio- SOCio economic
(AUTHORITY, economic needed to economic values for the
CRITERIA) bengflt secure bengflt is mar!<et .
required transmission required (national/Nordic/
of electricity European)
LICENSING OF | Minister Ministry Regulator Government
CROSS-BORDER (NVE)
TRANSMISSION A positive The line is a positive Investment has
INFRASTRUGTURE natlpna/ needed to natlpna/ to give posﬂwg
socio- secure socio- socio economic
(AUTHORITY, economic transmission economic values for the
CRITERIA) benefit of electricity benefit is market
required and the line required (national/Nordic/
has to be European)

justified for
development
and
reciprocity of
the electricity
market

It is notable that only in Norway and Denmark it's required to conduct
socio-economic assessment for the line building, but on the other hand it
must be recognized the benefit has to be national, not on wider area. This
national benefit can be also harmful from the Nordic perspective, because
it can be a driver for sub-optimal thinking and may encourage receiving
only national benefits instead of Nordic benefits.

It is possible to find obstacles in Nordic network investments based on
these national regulative aspects mentioned above. One point is that
assessment criteria in both domestic and cross-border transmission
infrastructure do not include any Nordic or regional aspects, which is
essential in order to build optimal transmission network from Nordic
perspective. NordREG proposes, that there should be licensing framework
developed, which would include Nordic or regional network development
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aspects (NordREG, 2010). Also Gustafsson and Nilsson (2008) propose
that including a regional perspective, and environmental and political
benefits in the evaluation process is essential for the proper valuation of

investment.

NordREG has also analyzed the impacts of current EU’s legislation to
Nordic cross-border network investments and assessed the EU’s 3™
package influences to the investments. Norway is not member in EU but
Norway and EU have built bilateral cooperation and Norway is eager to
built transmission capacity to UK and Germany. However, EU legislation
doesn’t bind Norway. (NordREG, 2010)

EU has really strong target to build competitive and integrated market, and
this regional approach also supports Nordic cross-border network
investment cooperation. This supports also TSOs to engage in regional
cooperation to close the existing regulatory gaps between national
jurisdictions to amend the imperfections. NordREG also states: “Close
regional cooperation in the development of transmission networks is also
important to reach stated objectives for the internal market to work
properly”. It is highlighted that Nordic cooperation could serve as model
for other regions to enable network investment of common regional benefit
as opposed to national approach. This statement might be criticized
because Norway and Denmark set the national socio-economic benefits to
pedestal when assessing the investments both domestic and cross-
border. (NordREG, 2010)

5.2 The decision-making process

Investment decision-making in order to build new transfer capacity is very
long process. This is very challenging in situation where the experience
have shown that changes and expansions in production capacity can

happen quickly, and on the other hand it takes often 5-10 years to
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construct larger transmission expansions. This reflects to the investment

decision and makes the timing aspect vital. (Nordel, 2004)

The typical decision process for internal connections is shown in figure 8
below: the TSO in each country makes a specific and detailed study of the
project, which forms the basis for decision, project start or investment
decision. After that TSOs prepare the necessary project material for public
approval. When public approval has been received, a final investment
decision is made before construction is started. Also for cross-border
connections there are agreements between the TSOs involved and this is
part of the decision process.

Detailed Basis for Material f (TSOs Final
study of grid project start/ AR e]F Public agreement in _Fina Construction
R X public investment
investment investment e approval cross border dedsen starts
by TSO decision PP investments) SCE

Figure 8. TSO investment decision process (Nordel 2009)

Nordel (2009) underlines that when there is a situation where connection
involve two countries, the time for decisions and approvals in each country
may differ. For example in South-West link investment Svenska Kraftnat
was already committed to build the transmission network in 2009 when the
decision from Statnett was still pending.
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One important aspect in decision-making process is the financing in cross-
border investments. Nordel has strongly underlined that today the
investment financing is carried out traditionally bilateral financing and more
Nordic approach is needed in the future. Further, the financing should be
based on a Nordic cost/benefits approach. Nordel suggests a solution
where already agreed five reinforcements (from package 2004) are giving
a satisfactory balance between TSO investments. Also congestion rent
from the Elspot electricity market should be allocated to Nordic
investments. (Nordel 2006)

One alternative solution for the transmission network building and
financing is the market-based transmission investment. There are many
challenges with market-based transmission investments. Typical problem
is the mindset of transmission investment as large new transmission line,
which might seem as too difficult to be based only on market decisions.
(Hogan 2007)
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6  Methodology

Research questions presented in Introduction are studied by carrying out
case study of the South-West Link Western part investment cancellation.
The case study includes interviews of seven experts among Nordic
electricity market stakeholders.

Case study is defined as “an empirical inquiry that investigates a
contemporary phenomenon in depth and within its real-life context,
especially when the boundaries between phenomenon and context are not
clearly evident (Yin, 2009). Simons (2009) defines that “Case study is the
study of the particularity and complexity of a single case, coming to

understand its activity within important circumstances”.

There are three different types of case studies according to Yin (2009):
Exploratory, descriptive and explanatory. Exploratory case studies are
“‘designed to study a program, phenomenon or event for which the
researchers have no theory or hypothesis to guide the development of
research questions before the data are collected”. With exploratory case
researchers conduct fieldwork and data collection before finalizing the
research questions. Descriptive case studies are designed to finalize a
complete description of the case within its context. These studies might
also use theory to support the description. The third type is explanatory
case study, which is designed to study “cause-effect relationships and
provide explanations for why event or outcome occurred the way it did”. In
these type of cases the use of theory is appropriate in developing research
questions and further designs for explanatory case studies. (Voorhees,
2008)

Case South-West Link study is conducted with exploratory study method.
The cancellation of South-West Link Western part can be seen as event
that doesn’t have theory on the background. According to exploratory case
study method in this study the interviews were done before the research

51



questions were finalized. Beside the exploratory study this case study
includes characteristics of explanatory case study while it targets to
understand why this cancellation of South-West Link Western part
occurred and find possible cause-effect relationships.

The interviews were conducted as semi-structured theme interviews. This
method is valuable when there is need to have same structure for
interviews to contain comparability and on the other hand to have flexibility
to capture the different aspects of the topic. Semi-structured interview
allows narrowing the topic and areas to enlighten different aspects under
the topic but enables to interviewed person a freedom to speak freely
under the topic. (Rabionet, 2011)

Semi-structured interview technique is used to collect qualitative data in
situation that allows the respondent the time and scope to talk about their
opinions in the specific subject. The objective is to understand the
respondent’s point of view rather than make generalizations and open-
ended questions play key role here. It is also noticed that wording of
questions will not necessarily be the same for all respondents. (Longhurst
2010)

The interviews were recorded by writing notes during the interview and
also notes written afterwards. The validity of notes was checked from
interviewees by sending a memo after the interview for the check and right
to make amendments and needed additions that were lacking from
memos. The list of interviews can be found in Appendix 1 and the

summary of interviews in Appendix 2.
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7 Case South-West Link

7.1 Reinforcement plan

Nordic transmission system operators have long history of cooperation. As
mentioned before, 2004 Nordel analyzed and published five important and
prioritized Cross-sections and 2008 three more network reinforcements
were added to the plan. This plan included extension of the South Link to
South-West Link- reinforcement that connects the Oslo region in Norway
to Skane in Sweden (Figure 9). This investment was supposed to conduct
in cooperation of Swedish TSO Svenska Kraftnat and Norwegian TSO
Statnett. (Nordel 2009)

The Southern part of the Nordic power transmission network between
Sweden and Norway is seen vulnerable for disruptions and the cross-
section also leads to relatively high frequency of bottlenecks. There are
restrictions in the transmission network around the Swedish west coast
and around Oslo region. South-West Link reinforcement was planned to
reduce bottlenecks and improve security of supply in Norway (energy in
dry periods) and for Sweden (energy in cold periods). These are the
reasons why Nordel highly recommended starting the planning process to
strengthen the transmission network. (Nordel 2008).
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Figure 9. South-West Link reinforcement between Southern Sweden and Norway (Lovas 2013)

Board of Svenska Kraftndt made the investment decision November 2005
and technical solution decision was made January 2008 (Entso-E 2012).
The investment was described as substantial improvement for reliability
and transmission capacity in cross-section 4 in Sweden and between
southern Norway and Sweden where the Hasle-cross section is located.
Nordel (2009) states: “This gives an improved Nordic market, improved
security of supply as well as improved operational possibilities.” In Nordel
report (2009) the costs were estimated on following way: Swedish side the
major part 527 M€ and Norwegian side 175 M€, so the total investment
cost is 702 M€. For comparison the budget for Fennoskan 2 between
Finland and Sweden was budgeted as worth of 315 M€.

Svenska Kraftnat stated in October 2009 that the Western branch
investment would relieve the bottleneck in the West-coast corridor and
was highlighted as primarily relieving congestion network investment. It

was also stated 2009 that is already committed to building the Swedish
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parts of the investment, but Statnett in Norway hadn't made yet the
definite decision. (Svenska Kraftnat, 2009)

In Nordel report (2009) the South-West Link was scheduled so that
commissioning was targeted in 2013, and for Western part 2015/2016.
Although two years later 2011 in ENTSO-E report “Baltic Sea regional
projects- status report” the commissioning was rescheduled to year 2014
and for Western part 2016/2017. The delays continued and in 2012
TYNDP report was announced again delay in commissioning, and
Western part was postponed to 2018-2020. Statnett and Svenska Kraftnat
had several factors behind the postponing: need of extra time and
resources needed to build the original South-West-Link connection in
Sweden. Also the complexity and estimated time needed to voltage
upgrading on the Norway side near the landing point Tveiten caused
postponing.

Although investment included mentioned improvements to Nordic
transmission network, April 29th 2013 was released that Svenska Kraftnat
and Statnett have jointly decided not to build the Western part of the
South-West Link. According to press release “ recent feasibility and cost-
benefit studies have shown that the market utility of the Western branch
has declined significantly compared to the original analysis, and that the
Western branch cannot be motivated out of a market utility perspective”. It
was also announced that Svenska Kraftnat would proceed as planned with
the work of northern and southern branches that will increase the capacity
between SE3 and SE4. (Nord Pool, 2013)

It is essential to knowledge that this is the first link, which has been
cancelled after it has been established in Nordel package. This may reflect
a change in Nordic cooperation, where commonly planned investments
have been conducted as decided before. Why was this link was cancelled
and is it a sign of something bigger change in Nordic cooperation?
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7.2 Bottleneck income in Nord Pool area

In this subchapter is presented, what are the bottleneck incomes received
in 2013 by TSOs due to transmission network capacity limitation in the
Nord Pool area.

In table 7 is presented the bottleneck income per area in 2013. Bottleneck
income in South-West Link Western part reinforcement area was 23.2
Million EUR last year 2013 (NO1-SE3). It is the third biggest income of all
Nordic areas. Only Denmark areal-Norway area2 connection (40.6
MEUR) and Estonia-Latvia connection (25.4 MEUR) are more profitable in
this sense. In 2013, the bottleneck income for the Nordic cross- border
connections (between Denmark, Norway, Sweden, Finland) was 134.6
MEUR in total, of which Norway’s share was over one half (73.0 MEUR,

54.2%)

Table 7. TSO Bottleneck income per area, total 2013 (€) (Nord Pool 2014d)

TSO Bottleneck

TSO Bottleneck

income per area 2013 (€) | income per area 2013 (€)
FI-EE 7 401 388 [ NO1_NO2 3 856 759
SE-PL 5667 792 [ NO1_NO3 -674 652
EE-ELE 2779 759 | NO1_NO5 1013070
EE-LV 25463 696 [ NO1_SE3 23 236 957
LV-LT 0| NO2_NO5 503 905
DK1_DK2 6 191 178 | NO3_NO4 2236 680
DK1_NO2 40 662 172 |NO3_SE2 4113 327
DK1_SE3 10 167 080 | NO4_SE1 3930598
DK2_SE4 14 253 893 | NO4_SE2 1133 320
FI_NO4 0| SE1_SE2 0
FI_SE1 20 446 892 | SE2_SE3 13 786 028
FI_SE3 16 740 778 | SE3_SE4 17 657 462

TOTAL 220 568 080,24

Comprehensive bottleneck income data from the year 2013 and 2014

(from January to July) on monthly level can be found in Appendix 3.
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7.3 Reasons for cancellation by Statnett and Svenska
Kraftnat

The public information of the cancellation has been lacking from
discussion. Statnett’'s presentative EVP Gunnar Lovas (2013) explained
the decision, for example, in Fingrid network’s seminar fall 2013. Statnett
stated that Statnett and Svenska Kraftnat have jointly terminated the
South-West Link Western part project: the project is in lack of economical
foundation, both in Norway and Sweden. According to Statnett “Price
differences between Eastern Norway and South Sweden evaluated to be
small and gain lower than earlier expectations”. (Lovas 2013)

Statnett analyses that Nordic area is heading towards a surplus situation
in electricity, which is based on new nuclear capacity in Finland and
Sweden. Also Statnett argues that climate change is increasing
hydropower production and reducing the heating consumption and
simultaneously the measures with energy efficiency are coming to limit

electricity consumption growth. (Lovas 2013)

Also other green-energy aspects are taken into consideration supporting
Statnett’s analysis: Renewable directive and el-certificates increasing
production. Statnett also sees that in the future power flow changes
towards more North-South flow pattern on the Scandinavian Peninsula.
(Lovas 2013)

Statnett states that price differences are small and that way it is sufficient
to direct flow in deficit direction. Statnett continues improving the Oslo
region cables and Svenska Kraftnat continues the South part of the
transmission network investment inside Sweden borders. Statnett
concludes that there is “limited value in any further large capacity upgrade”
in the planned investment area. (Lovas 2013) Simultaneously Statnett has
started to build new transmission cable to Denmark in co-operation with
Energinet.dk. Also they are committed to build transmission capacity to
Germany (2018) and to UK (2020).
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7.4 Experts’ views of the cancellation

As mentioned in Methodology section the interviews were carried out as
semi-structural theme-interviews and energy experts from Sweden and
Finland were interviewed in fall 2013 after the cancellation decision earlier
in the previous year. Experts represented wide scope of functions in
energy market: TSOs, market regulatory, generation and retail, and
energy industry. List of interviewees can be found in Appendix 1 and
summary of the interviews in Appendix 2.

The investment project seemed profitable for both Svenska Kraftnat and
Statnett in 2008. Although new calculations were carried out fall 2012 by
Statnett and result for investment was negative. Also Svenska Kraftnat did
recalculation and agreed with the Stattnet’s result. On the other hand in
many interviews this view was based on public information about the
issue, while the figures behind the investment calculation are kept as
secret. It was also repeated that price differences were not sufficient
enough for the transmission network investment. Also technical solution

was too expensive comparing to the benefits.

The model for investment analysis is sensitive for changes in market
conditions and there had been “change in essential values”. It was
mentioned that the estimated need in the future for the transmission
network is smaller. On the other hand project was seen as huge challenge
in overall. It was mentioned that cancellation would be covered with other
investments by Svenska Kraftnat and Statnett, especially in Oslo region.
Related to this, it was strongly seen, that Statnett has also other priorities,
such as building transmission capacity to UK and Germany. One of the
reasons might have been that in the early process Svenska Kraftnat was
said to be more eager with the process and Statnett having less motivation
towards the cross-border project.
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Although it was highlighted, that still the biggest bottleneck of Nordic
market lies between Southern Sweden and Norway. In one interview it
was stated that this disables the cheap hydropower from Norway to flow
via Sweden to Finland. It is one of the reasons why the electricity is more

expensive in Finland.

The cancellation raised also many concerns, especially from retailers’
(without own generation) and final users’ point of view, because
bottlenecks affect negatively to balancing the prices between areas. Also
the cancellation was seen harmful when considering the
representativeness of the system price as reference price in hedging with
electricity derivatives. The problem is that the physical electricity is bought
in area price, which may differ significantly from the system price, so the
hedge is not effective.
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8

Results

Important aspects of functioning market were introduced in earlier section.

The focus is in the most important aspects: Infrastructure and Agency

problem. These aspects can be used as tool to present and summarize

the case study material and analyze the state of Nordic market and the

links to political actions and TSO actions. This is important in order to

collect the challenges in cross-border investments and also revealing the

possible agency problem between politicians and TSOs. The results are

summarized in table 8 below.

Table 8. Key actions by politicians and TSOs for improving Nordic electricity market functioning

MARKET

ASPECT

OCCURRENCE
IN
FUNCTIONING
MARKET

STATUS IN
NORDIC MARKET

POLITICAL KEY
ACTIONS

TSO KEY
ACTIONS

INFRASTRUCTURE

AGENCY PROBLEM

Enables
environment
competitive
market

Does not occur:
rimprove
the :
1is not matching with :
' TSO actions

shareholder’s
benefit s
driver

'TSO takes care of:
for !
! network: bottlenecks !
and |
security of supply

transmission

constrain the market

The political will to'!
the :
transmission network

' of

large

1 capacities
+ Nordic
+valuable

To ensure security !
supply and'!
welfare: !
trade
across
seen :

social

' motives

“Starting point is that
bottleneck in the
transmission network

» will naturally occur and

must be handled”, but
not removed. Different
for  cross-

' border investments.

Not involving
enough to the TSO :

+ decision-making in

owner role, letting :

' TSO operate on:
' highly independent :
'level

investments

with !

Not building enough
cross-border

connections to match
political will of having
common price in the

market area. TSOs
getting bottleneck
'income from
' transmission network

' restrictions.
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The Nordic electricity market has been seen as forerunner in market
development in electricity markets. This is based on the view that there is
common power exchange Nord Pool combining many countries together
under one market and Nordic co-operation, which was highly appreciated

in the interviews as well.

Even though from market functioning perspective there might be
challenges, Nordic TSOs have managed to create world widely unique
common power exchange Nord Pool based on voluntary agreement.
According to interviewees, one key to success in Nordic market integration
is the Nordic TSOs common network planning. The common network
planning started already on 1960’s in order to find winwin-solution to
combine the Nordic transmission network. The highlight has been the joint
analyses and prioritizes investments on Nordic level by creating the 2004
and 2008 investment packages.

One interviewee stated that after that “things started to get tricky” and
there were seen signs of fragmentation of Nordic TSOs’ co-operation. One
reason is that Finland and Sweden’s have wider approach to transmission
network development compared to Norway. Now Sweden makes own
transmission network development plan, Norway has investment plans
outwards Nordic area to UK and Germany and Finland is interested in
Baltic Sea area. It is stated in interviews that Nordic countries are heading
to different directions away from purely Nordic perspective.

One issue mentioned in the interviews was the differing views among
Nordic TSOs how to see the bottleneck income: Sweden and Finland see
them as signal of non-functioning transmission network whereas Denmark
and Norway see them as revenue. In interviews it was also mentioned the
different investment drivers for the cross-border investment: Sweden
wants to integrate the market, Norway is concentrated on tariff payers’
interest and “best business”, Finland in concerned about the
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independency of Russia in energy by improving the import capacity from
Sweden and security of supply in general.

One big challenge from the market functioning perspective is the agency
problem. The Nordic TSOs are owned by the governments, which also set
the regulatory framework for the franchised monopolies. There is national
binding regulation for the TSOs, but on the Nordic level there is not any
binding regulation. Although on Nordic level there is guidance given from
Nordic energy regulators and Nordic Council of Ministers. They have
stated that Nordic TSOs are lacking commitment to improve the
transmission network in order to reduce the bottlenecks and improve the
market functioning. It is also important from political perspective to
improve social welfare in the market area by balancing the prices. This
agency problem can be seen on Nordic level, where the Nordic TSOs
can’t achieve the expectations and the price differences occur. One
problem is that there is a mixed incentive for TSOs to build transmission
network reinforcement: TSOs get the bottleneck income from the
bottlenecks and by reducing the bottleneck by investing to it they loose the
revenue. In the interviews it was mentioned that for example in Norway in
decision-making there might be more weight on bottleneck income instead
of security of supply and market functioning.

Sometimes in markets the government intervention is needed and in the
Nordic electricity market this has been the case from the beginning due to
TSO’s monopoly role in order to create the environment for the
competition and welfare of society. From political perspective it is also
important to ensure the security of supply. The security of supply is also
depended on transmission network investment and that is why investment
is highly supported from government. Price differences link to the social
welfare and also from this point of view bottlenecks should be reduced.
Although in interviews it was stated that political activity on national level
varies among TSOs. It was stated that in Norway the political guidance is

more active than in other Nordic countries and in Denmark and Norway
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the national social welfare is required in regulation in order to carry

transmission network investment.

From governmental point of view it has been criticized that the market may
not be functioning with the most efficient way: in Nordic market setup it is
possible that there is unused generation capacity in low price areas. This
is not efficient use of resources from society’s point of view. Especially this
problem is seen among Finnish energy actors, because Finland is
importing constantly 15-20% of the energy consumption.
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9 Conclusions and Future research

9.1 Main conclusions

The purpose of this study was to study the obstacles to carry out cross-
border investments in the Nordic electricity market. This research included
the case study of South-West Link Western part cancellation. Also the aim
was to study the development of Nordic electricity market integration in the
situation, where the European integration is moving the focus from Nordic
to European level perspective.

In the table 9 below are presented the research questions stated in the
introduction and briefly the result based on the study. The first question
was what are the TSO’s current challenges to invest to cross-border
transmission network in the Nordic electricity market. First of all, there is
no legal binding agreement for TSOs to analyze the investment decisions
from Nordic perspective and the Nordic co-operation is based on voluntary

actions.

Also national legislation might encourage taking care on national benefits
like in Norway and Denmark, where the criteria for cross-border
investments include the national socio-economic benefits. It is good that
the socio-economic benefit is considered but this national benefit can be
also harmful from the Nordic perspective, because it can be seen as a
driver for sub-optimal thinking and may encourage receiving only national

benefits instead of Nordic benefits.

TSOs receive the bottleneck income from lacking capacity to finance their
functions, so investing to these bottlenecks is not attractive from revenue
perspective. For example for Norway the investing to cross-border
transmission network is attractive outwards Nordic area to UK and
Germany because the bottleneck income is very profitable. This worsens

the target of getting more equalized prices in the Nordic market, because
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the flow may turn away from Nordic area. As sub questions were
presented the role of investments from the market functioning perspective.
These investments are really essential, because due to the bottlenecks for
example the area prices are calculated and arbitrage opportunities occur,
even though in the same market the product should have single price.
Also this affects to social welfare, because bottlenecks prevent for
example the cheap electricity from Norway to flow to Finland and end-
users in Finland pay higher price from electricity.

The reasons for cancellation of South-West link Western part is also one
sub question and relates to the themes presented below. The starting
point for the investment was, that the connection between Southern
Sweden and Norway is mentioned as one of the biggest bottlenecks in the
Nordic electricity market. In 2008 the investment calculation seemed
profitable but according to investment participants Svenska Kraftnat and
Statnett the recalculation 2012 showed that there was no need to build the
capacity with this investment. The reasons for the cancellation were that
the connection was not beneficial enough from economic viewpoint. This
means that according to participants the price differences between areas
were not big enough. Unfortunately this aspect can’t be evaluated
because the calculation behind the investment decision and later behind
the cancellation is not public.

The investment was seen technically challenging, but it was mentioned in
the interviews that Norwegian political guidance might have affected to
cancellation and also interests to prioritize other investments, which
include the previously mentioned transmission networks to UK and

Germany.
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Table 9. Research questions and results

RESEARCH QUESTION

RESULT

R1 WHAT ARE THE TRANSMISSION
SYSTEM OPERATOR’S CURRENT
CHALLENGES TO

INVEST TO

CROSS-BORDER TRANSMISSION

NETWORK IN THE NORDIC

ELECTRICITY MARKET?

R1.1 WHAT
INVESTMENTS FROM THE MARKET

IS THE ROLE OF

FUNCTIONING PERSPECTIVE?

R1.2 WHY WAS THE SOUTH-WEST

LINK, WESTERN PART
CANCELLED?

R2 WHAT IS THE FUTURE OF
NORDIC  ELECTRICITY  MARKET
INTEGRATION?

R2.1. WHAT IS THE CURRENT
STATE OF CO-OPERATION

BETWEEN NORDIC TSOs?

R2.2. HOW DOES THE CHANGE
FROM NORDIC LEVEL CO-
OPERATION TO EUROPEAN LEVEL
CO-OPERATION

EFFECT ON

NORDIC MARKET INTEGRATION?

No legal binding agreements to carry out cross-border
investments. Diversifying national legislation. Mixed
incentive: Bottleneck income received from transmission
network restriction. More attractive investment outwards
Nordic area available.

Essential: Investments would reduce the bottlenecks, and
thus contribute to the well functioning Nordic electricity
market

Changes in investment calculations compared to 2008 and
2012: not the economic foundation anymore: price difference
not sufficient, Nordic area heading to surplus situation->no
need to capacity, technically challenging investment, political
atmosphere, other priorities for investments.

Challenging: the focus changed more and more to European
integration and fragmentation of Nordic market might occur

Co-operation is carried through Entso-E working group, still
meetings between Nordic ministers and TSO management.

The focus has changed from Nordic area investments to how
to build transfer capacity to Continental Europe and improve
internal transmission networks, the commitment may be
weaker to develop internal Nordic market

In the second research question it was asked, that what is the future of

Nordic electricity market integration. This analysis include the sub

questions of what is the current state of co-operation between the Nordic

TSOs and also how the focus change from Nordic to European level co-

operation affect the Nordic market integration.
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The Nordic co-operation has been really unique in the world by far, and
great examples of this have been the commonly prepared packages of
Nordel 2004 and 2008. Although now it seems that Nordel participants are
heading slightly to separate directions and European level Entso-E co-
operation is underlining that. Nowadays the common network planning in
Nordic is part of European Entso-E planning and Nordic countries have
locally differences where to focus in the network planning. Norway
continues to build connections to UK and Germany and Finland has
finished transmission network to Estonia, and the focus is more in Baltic
area. The European market is opening and this also changes the focus to
Europe from Nordic market integration. Commitment to Nordic market
development may be weaker and this may decelerate the market
integration in Nordic market in the future.

The integration in European level is now the most important driver and
market competitiveness and price differences seem to be secondary
targets. The European integration opens opportunities to build the
transmission network outwards Nordic area. The Nordic common
transmission network developing might be pushed aside due to the
European integration and European committee legislation. When the
European integration is the main driving force, it might become more
attractive to build the transmission network outwards the Nordic area and
profit from bottleneck income.

Despite continuous official support for the integration of Nordic electricity
market, the cancellation of Southern Norway-Sweden transfer line sends a
critical signal. The interviewees emphasized the importance of this project
during empirical part of this work, but still the project was cancelled.

The cancellation of South-West link Western part signals, that there is no
uniform political support for development of Nordic electricity market
among all participant countries. A pessimist could continue that this

incident is only one example in a continuous list of incidents signaling
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conflict of interest between independent countries that are trying to build
an integrated market over boarders.

Explanation for this might be that Nord Pool is only a stepping-stone
towards truly integrated electricity market in the Europe. As such, there is
only limited support why Nordic countries should form their own market
area against whole European wide integration.

What are the solutions to drive the Nordic market integration in the future?
It has been seen that Nordic energy regulators are noticing the problems
and still have eagerness to correct the issues. Naturally the European
level politics is also taking the sharp from the discussion. First there would
have to be binding agreements within Nordic countries how to build the
Nordic transmission network. Also the investment calculations should
always include the Nordic market functioning aspects instead of purely
national benefits.

The first step would be to realize that the market is not ready yet, and the
bottlenecks shouldn’t be accepted as “natural occurrence”. The end-users
in Nordic area are in unequal positioned due to lacking transmission
network investments. There is lot of discussion about the high electricity
prices but not so much noise why these high prices occur, especially in
Finland.
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9.2 Limitations and Future research

Due to the case study method used in this research, it is natural that the
results are specific and it that sense limited. The Nordic electricity market
is seen as forerunner and the market is unique in the world. That is why
the study of investment cancellation is strongly related to this market. The
cancellation was the first investment cancelled in the Nordic common
transmission network investment plan, so truly generalization of the results

to the development of Nordic electricity market can’t be drawn easily.

Also the interviews are highly subjective perspectives to the cancellation
and further to the Nordic electricity market. There were seven interviewed
experts, so the sample size is not able to cover all the aspects to the
research questions. Also it is noticed that there were only Finnish and
Swedish experts being interviewed.

This study offers some interesting aspects for future research. Beside
qualitative and descriptive study carried in this study, it would be
interesting to calculate for example with simulation modeling, how the
investment would have truly affected electricity prices in different price
areas in Nordic electricity market. Also it would be interesting to challenge
the profitability analysis carried by Svenska Kraftnat and Statnett.
Currently, the figures used in investment analysis are not public but
hopefully the transparency increases in the future.
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APPENDIXES

APPENDIX 1: The list of the interviews
Vattenfall 2.10.2013

Svenska Kraftnat 3.10.2013

Former Swedish regulator 3.10.2013
Energy Industry in Finland 9.10.2013

Fingrid 18.10.2013



APPENDIX 2: Summary of interviews

Nordic co-operation

-Strong history from Nordel establishment since 1963 x2
- Key of success in Nordic electricity market
-Nordic market is basically well-functioning
- Now focus more on European level in ENTSO-E planning, since 2009:
acquires lots of resources and documentation etc
-Still good communication among Nordic countries needed to create the
Nordic view and coordination in ENTSO-E.
-TSO co-operation continues in Baltic sea work group of Nordic
countries, Baltic countries, Poland and Germany
-Nordic Council of ministers
-CEOs of TSOs have meetings

TSOs common network

planning

-Started from winwin-solutions between TSOs: integrating systems from
technical perspective
-Technical measures created->nuclear generation boosted
transmission network investments on 60s and 70s.
-“Key of success in Nordic electricity market”
- For example linking Finnish nuclear with Swedish/Norwegian hydro
power
- Joint analyses and prioritized investments on Nordic level: packages
2004&2008 ->raised interest in Europe, describes as great example of
Nordic well-functioning market
-Package 2004:defining starting point, benefit and general
principles for transmission network development and also
taking into account social economic perspective and the
investment cost-benefit analysis from Nordic perspective
-“Significant development overall”
-Package 2008: “Things started to get tricky”
-Finland and Sweden have wider approach to transmission
network development than Norway
- Challenge to TSOs truly wide the scope to analyze also the effects of
investment also cross the boarder
-TSO is only interested what happens before the border, and
this way lacking the whole view of crossborder investment
-Machine is broken: Co-operation requires lots of resources
-Sweden makes own plans, Norway concentrates more on
building to UK and Germany, Finland is interested in Baltic Sea

area




-Investment incentives for cross-border investments varies between
countries: Sweden wants to integrate the market, Norway is
concentrated on tariff payers interests and best business, Finland
concerns about the independency of Russia in energy and security of
supply, also active in EU, Denmark is keen on balance aspects and
keeping the frequency in transmission network
-Now focus on how to push the electricity surplus to German market
-North-south flow is important to create capacity to Continental
Europe
-ENTSO-E brought changes to transmission network development
-Nordic transmission network development is only one part of
big picture, summary is included to the final Entso report
-Entso-E defines the work frame for the work group
-Lots of resources required to develop common system
integration and practices
-Nordel co-operation was “evolutionary”: systems development
and building was more flexible
-Now more qualitative variables in transmission network
development than before
-Entso-E prepares the specific codes for European
Commission, which are binding legislation in EU member
countries
-Still the main elements remain from the Nordel co-operation also in
Entso-E, like market model basis analysis.
-Nordic countries are heading to different directions away from purely
Nordic perspective
-On the other hand: why to stop only to Nordic perspective?
-Following principles are taken into account when considering
transmission network investment in Svenska Kraftnat, Fingrid, and
further Entso-E:
-Bottleneck income
-Prices in both areas (also wider area)
-Socioeconomic profitability: benefits to generators and
consumers vs. costs
-Security of supply (black-out risk)
-Efficiency improvement in the market (more challenging to
calculate)
-supporting the energy produced with renewable sources to

get to the transmission network




Political atmosphere and

guidance

- Political activity and guidance is related on TSO structure, and how the
TSO is organized and what kind of background it has: In Norway the

guidance is more active than in other Nordic countries

- Different approach to bottleneck incomes: In Finland and Sweden
seen as problems in network capacity while as Denmark and Norway
has a revenue approach.
- Norway has differing pricing in transmission network tariffs: the
industrial companies get discount from the tariff payment vs. others
- For example In Finland TSO plan is based on Finnish Parliament’'s
climate and energyplan
-Energy market agency approves the Fingrid network’s
network plan (updated every second year) from the legislative
perspective
-Network plan is also given to stakeholders (ministries in
employment and environment, energy market agency) in order
to get comments
-On project level Fingrid has independency to carry out
investments
- Transmission network investment has chance to became highly
political topic (case by case): if the politicians think that investment won’t

have chances to succeed, the might not bother to make effort of it

Cancellation of South-West-

Link investment

-2008 the project seemed to be positive for both SvK and Statnett
-New study initialized fall 2012 by Statnett: negative result for
investment
-Recalculation of SvK confirmed the result
-Svenska Kraftnat had more active attitude from the beginning
-Statnett has other priorities
-Other investments of SvK and Statnett covered the need of the
Western part
-Investment was too expensive with the technical solution planned
comparing to the benefits
-Sensitivity to changes in assumption compared to original
calculation
- Price differences not sufficient although many interviewees based this
view only public information shared by Statnett and mentioned that no
calculations are available, so hard to criticize.
-The need for transfer capacity is smaller
-Project seen as huge challenge; technical aspects, expensive
investment

- Stattnett’s internal rate of return?




- Would the result been different if socioeconomic aspects would have
taken into account?

- Investment too expensive with the technical solution planned
comparing to the benefits

- Sensitiveness of models for changes in market conditions: the change

in essential values

- Statnett is concentrated more on building transmission capacity to
England and Germany, also Norway internal transmission network
improvements are prioritized
-Smaller need for transmission capacity in the future due to climate
change and the energy flow. Oslo region investments cover some of
the investment need
- Still the biggest bottleneck of Nordic market lies between Southern
Sweden and Norway
-Effects: the cheap hydropower from Norway won't get to flow
via Sweden to Finland -> electricity is more expensive in
Finland
- Interesting to see, how Nordic Council of Ministers will react to this
cancellation, if will
-Main concerns due to cancellation:
-cost of hedging related to the system price. Nordic
transmission network investment improve the equal of prices in
whole market and representativeness of system price as
derivative reference price
-Statnett still acting as authority, although in decision-making
more weight on bottleneck income instead of security of supply
and market functioning
-Maybe also internal discussion in Norway: the support for the
bottleneck income resulting transmission networks are maybe
bigger, because the transmission network is expected to pay
itself out with bottleneck income
-Retailers (without own generation) and final users are maybe
most concerned about the decision
-Cancellation with the investments outwards Norway might have effect

on the fragmentation in Nordic market




APPENDIX Ill Bottleneck income per area between

2013 - July 2014
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