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editorial
RULES AND PLAYING FIELD OF ELECTRICITY MARKET EVOLVING
This winter has once again demonstrated that the Nordic electricity market is
susceptible to variations in weather conditions. The cold weather has increased
consumption, and the small rainfall has
been reflected in scant water reservoirs. Both of these factors have raised
the price of electricity in the Nordic electricity exchange. The poor availability of
nuclear power plants in Sweden has
rendered the situation even more complicated.
This is why electricity has streamed to
the Nordic countries from Continental
Europe, where the price of wholesale
electricity has been clearly below that
in the Nordic countries. This was not
how it was supposed to be! Electricity
was expected to flow from the north to
the south, since it was anticipated that
the price up here in the north would be
clearly lower than in Continental Europe.
This was the conclusion just over a year
ago on the basis of the price differences
of electricity derivatives.
From the end of 2010, the transmission capacity between the Nordic countries and Continental Europe is utilised
as efficiently as possible by means of a
new market mechanism. Electricity is
transmitted in each hour from a cheaper zone to a more expensive zone.
Electricity coming from Continental
Europe has also brought down the price
of Nordic electricity. As a result of insufficient transmission capacity, however, the price level in the Nordic countries has remained clearly above that in
Continental Europe. Additional transmission capacity between the zones
would have benefited Nordic electricity
users. This is a good lesson to learn that
the differences in today’s spot price or
in futures quotations do not reflect the
truth about the future price differences
between zones. Mother Nature does not
follow futures quotations.

Electricity has been imported at
full capacity into the Nordic countries
from the Baltic countries and Russia
via Finland. Much of this electricity has
been forwarded from Finland to cater
for the deficit in Sweden and Norway.
Electricity market integration will
make headway in 2011, too. Fingrid will
contribute actively to the functioning of
the market by making capital investments in the playing field of the market,
in other words in the transmission grid,
and by developing the rules of the game.
The Fenno-Skan 2 submarine cable will
be laid at the bottom of the Baltic Sea
in the summer, and its capacity will be
available to the market at the end of the
year. This link will increase the transmission capacity between Finland and
Sweden by some 40 per cent. The logic involved in the movements of electricity will change in November when
Sweden will be divided into bidding areas. Sweden will no longer have to artificially restrict electricity trade between
Finland and Sweden so as to manage its
own power balance. From November,
price determines the transfer of electricity on the border between Finland
and Sweden.
Integration is also progressing to the
south of Finland. The objective is to get
all the Baltic countries into our common
market area during 2011. However, the
growing integration will require additional transmission capacity between
Finland and Estonia. The need for capacity materialised concretely when
Estonia was integrated into the Nordic
market as a bidding area of its own. This
highlighted the significant congestions
involved in electricity transmissions between Finland and Estonia. The situation will be relieved in 2014, when the
EstLink 2 connection will be completed,
whereby the transmission capacity will
almost triple from the present.

In 2011, Fingrid endeavours to improve
the electricity market mechanisms also
by enhancing the publication of market
information and the counter trade procedures in Finland, and by participating actively in the inter-Nordic development project for balance settlement. In
terms of electricity trade with Russia,
we aim to create the facilities for a situation where Russian electricity intended for sales can be offered to the electricity exchange in 2011. However, there
are still some constraints in this process
due to structural differences between
the markets in the EU and Russia.
We are now living in the era of the third
legislative package on the EU’s energy
and gas markets. As a result, Fingrid’s
ownership rearrangements are underway. Moreover, the transmission system
operators have been imposed a statutory obligation to publicise a Europeanlevel grid plan every two years. Related
to the next plan of 2012, we are drawing
up a grid plan for the Baltic Sea region,
due to be ready at the end of 2011.
A well-functioning electricity transmission infrastructure is a basic condition for the efficient operation of the
electricity market. Fingrid’s high level of capital expenditure will naturally
undermine the company’s financial key
figures. Alongside additional borrowing from the international money market, we will have to raise the grid tariffs at the beginning of 2012 more than
in the previous years. However, we can
make a pledge to our customers: our
tariffs and grid service will certainly be
competitive on the European scale also
in the future.

Jukka Ruusunen is Fingrid Oyj’s
President and CEO.
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changes in the operating environment
put the present market model to the test
The european electricity market model is facing several challenges.
These are caused by changes in both electricity production and consumption.
Text by Arja Haukkasalo Photographs by Vastavalo, ScanStockphoto and Juhani eskelinen

T

here will be more governmentsubsidised electricity production based on renewable energy sources, such as wind power, everywhere in Europe. “Its supply
does not depend on the market situation but on the weather, which makes
it difficult to predict the production volumes,” says Fingrid’s Executive Vice
President Juha Kekkonen.
According to Juha Kekkonen, nuclear power plants and combined heat
and power (CHP) plants represent other generating units which are not easily adjusted to the price control provided by the electricity market. If urban
centres need district heat for buildings
and industries require steam for their
processes, the CHP plants also produce electricity at the same time, almost irrespective of the market price
of electricity. This is so because there
is no point in losing the good efficiency of CHP.
Nuclear power plants with their high
investment costs are designed to run at
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full power on a continuous basis, and
they are only stopped for prescribed
service periods.
“While much more production capacity, which reacts slowly or not at all
to the price and which is difficult to anticipate, enters the market, there is a
simultaneous threat that fossil electricity production capacity, which can
be adjusted flexibly on the basis of demand and price, leaves the marketplace for climate reasons,” Juha Kekkonen points out. A smaller and smaller segment of the supply may determine the market price of electricity.
Back-up production
should be viable
Drastic variations in the production of
renewable energy call for flexible balancing modes of production. These
should persist and increase in the market. The challenge is, alongside environmental issues, that an increase in
subsidised electricity generation from

Drastic variations in the
production of renewable
energy call for balancing
modes of production. These
should persist and increase
in the market.
renewable sources reduces the profitability of such back-up of production.
The annual operating times of the units
are often short as it is. Factors such as
a massive increase in wind power will
shorten their operating times even further. The market price of electricity is
not necessarily high enough so that
these plants could be viable in their
narrowing operating range.
There is a similar problem in peak
consumption situations, when much
power is needed on a temporary basis,
but only occasionally. This peak load
reserve is very expensive to use, but
the relevant power plants should also
be viable capital investments.

Juha Kekkonen is Fingrid’s
Executive Vice President responsible for electricity market development. He also
chairs the Market Committee of ENTSO-E, the European
Network of Transmission System Operators for Electricity.
In other words, the present market
model involves a potential problem referred to as “missing money”. The producers may consider that they do not
obtain sufficient income for a certain
portion of their capacity.
The European debate has consequently raised a question concerning incentives to be paid to production capacity. There are various alternative models ranging from selective
payments to a comprehensive capacity market. Some countries are already
applying or contemplating capacity
payments, and the peak load reserve
system in Finland and Sweden actually
represents a similar solution.

Comparison of market models
Zonal pricing

Margin pricing throughout the market area
Market supervision: market shares of players in the entire market area
price spikes are possible
capital investment signals
Free price formation

Nodal pricing

Margin pricing at the nodes
Market supervision: prevention of use of local market power
regulated price formation
no price
Price caps on producers’ bids
no capital investment signals
spikes
Separate capacity market to create capital investment signals
Auctions of capacity rights
Users of electric energy have an obligation to buy capacity (defined
in relation to the required peak power)
Producers have an incentive to keep capacity in operation and
to make investments in new capacity

The comparison was drawn up by Satu Viljainen, Professor, Electricity Market,
at the Lappeenranta University of Technology.
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Market model requires a solid grid
The target model adopted by the EU
is based on the assumption that the
wholesale market is composed of relatively few and large zones. The price is
uniform within a zone and it may differ
from one zone to another if there are
congestions in transmission capacity.
The typical train of thought is that an
entire country would constitute a single price zone, and market integration would expand the price uniformity across the borders.
Extensive changes in the electricity production architecture together with many
other issues put this model to the test.
Wind turbines are built on land or
sea – usually far from the consumers
in any case. Nuclear power plants are
also constructed far away from big cities. The need for a transmission grid
and its use will increase.
Market integration adds to the trade
of electricity between and beyond countries. This imposes additional requirements on transmission capacity.
The 20-20-20 objectives of the EU’s
climate policy call for a well-functioning European electricity market, and
this, in turn, requires a solid European electricity transmission system.
It should be possible to reinforce and

The uSa and russia apply nodal pricing

S

ome countries with a weak electricity transmission grid apply so-called
nodal pricing of electricity. Nodal pricing is used for example in the United States and Russia, and Poland is considering it.
In nodal pricing, a value of energy is calculated for each node in the transmission grid, depending on its location. This nodal price is composed of three
components: marginal cost of electricity production, marginal cost of transmission losses, and marginal cost caused by the congestion of the grid. Marginal
cost refers to the additional cost incurred as a result of a power increase of one
megawatt.
In practice, transfer to such a pricing model would be a big change in the European practices. In it, power system optimisation would be the primary goal
and the functioning of the market a secondary goal. The transmission system
operators would also be market operators, and there would no longer be a need
for electricity exchanges. In fact, the European market would require a single
European transmission system operator.

upgrade electricity transmission networks within and between countries.
ENTSO-E’s Ten-Year Network Development Plan proposes that 42,000 kilometres of new transmission lines at a
cost of 23 to 28 billion euros should be
constructed in Europe between 2010
and 2014. Even though the funding for
these is expected to become available,
the biggest challenge is to obtain public acceptance and building permits.
These are extremely difficult and slow
to come by especially in Continental
Europe.

If the network construction process
makes no progress, there will be more
congestions. The market can fragment
into ever smaller zones.
“If the price zones become very
small, the market players face greater risks, and liquidity is reduced. There
is also a risk that individual producers
obtain a dominating market position in
their zones, which fades out competition,” Juha Kekkonen says.
The Nordic countries have experience of there becoming more numerous bidding areas. If the developments

grid construction is a lengthy process in continental europe

T

he European Union aims to expand the electricity
market model applied in the Nordic countries gradually to the cover the entire Union. To date, a single
country has established a single bidding area.
So that electricity would move from a zone with a cheaper
price to a zone with a more expensive price as determined
by demand and supply, without the constraints brought
by the transmission system, the system requires a solid
transmission grid. Its construction in Continental Europe is
much more difficult than in the Nordic countries.
“Especially in densely-populated residential areas in
Continental Europe, the grid construction process including the permit procedure may take 10 to 15 years. Landowners and local, regional and governmental authorities
each have a say in the matter. A single landowner may stall
the construction of the electricity transmission system
which is important for the entire European Union,” Juha
Kekkonen says.
Juha Kekkonen has chaired the Market Committee of
ENTSO-E, the European Network of Transmission System Operators for Electricity, since 2009. The Market Committee endeavours to find a joint solution to the electricity
transmission problems through means such as simplified
permit processes for grid construction.
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“The challenge is that the local and national autonomy in
energy issues is so strong that the EU cannot intervene in it.”
Subsidies for renewable energy are also at the discretion of national decisions and there is no harmonisation in
sight, even though this would be desirable in view of the
electricity market. Companies build their power plants
wherever the subsidies are highest, not where the conditions are ideal.
The liberal subsidy policy in Germany has exempted the
producers of solar and wind power from all risk. The producers obtain a guaranteed price from the regional network
company, which has to connect the generating unit to the
network. The network company is also responsible for the
power balance of the generating unit. This has resulted in
momentary surplus production situations, because there
is much wind power but not sufficient balancing power.
In Finland, the owner of the wind turbine is responsible
for the grid connection of the turbine and its power balance. No guaranteed price is paid for the excess production hours.
An option where the price of electricity may also turn negative has been introduced in Continental Europe and also within Nord Pool. This means that in an oversupply situation, the
electricity-generating company has to pay electricity consumers. The alternative is to stop electricity production.

Photograph by Juhani Eskelinen

go far enough, there will no longer be
zonal prices, but prices at individual
nodes of the transmission grid. As an
example, Poland is seriously considering the adoption of nodal pricing, because the poor transmission grid does
not support a larger zonal market.
More elasticity to consumption
According to Juha Kekkonen, one of
the paradoxes involved in the electricity market is that demand does not depend on the price.
“Except for large-scale enterprises,
consumers do not yet react to changes
in the market price of electricity. Small
businesses and households consume
electricity as much as they need and
pay the bill afterwards,” he says.
The problem is that the consumers do not see the real price, and they
do not have the technical facilities to
change their consumption accordingly. And even if they did, they do not profit in doing so.
Smart grids and automaticallyread hourly electricity meters will allow households to control their consumption of electricity on the basis of
the hourly price. There will be products and services that take care of this.
As an example, the home automation
system switches off electric heating if
the hourly price of electricity exceeds a
certain limit.
Sometime in the future, as electric
cars have become more common, a
sensible driver leaves it up to the electricity seller to determine when the
battery is charged at night time, just as
long as the battery is full in the morning. With technological advancements,
there will also be small-scale wind
and solar power production so that the
owner of the generating unit can not
only buy electricity from the grid but
also sell it to the grid.
“From the point of view of national
economy, it is preferable that there is
elasticity in consumption rather than
having to maintain expensive peak
load power,” Juha Kekkonen argues.
Demand response is an economically wise option also because it offsets
the troublesome price spikes of electricity.

Fingrid Group’s annual review and financial statements 2010

Proﬁt improved signiﬁcantly, capital investments at a high level
The ﬁnancial statements of the Fingrid Group for 2010 were published in February. The
ﬁnancial result improved signiﬁcantly as a result of growing electricity consumption, increases made in the grid tariff, and operational improvements. However, net borrowing
by the company is growing due to our sizeable capital investment programme.

F

ingrid is making capital investments totalling 1,700 million euros in the
transmission grid and reserve power in the next 10 years. On an annual level, this will mean capital expenditure of 100 to 200 million euros. This will
require additional borrowing and also increases in the transmission tariffs in the
coming years.
Revenue of the Fingrid Group in 2010 was 456 million euros (359 million euros in
2009). Other operating income was 7 (2) million euros.
Grid revenue rose by 24 million euros on the previous year as a result of the tariff increase of 4.5 per cent and higher electricity consumption. The sales of imbalance power were 160 (92) million euros and purchases of imbalance power 145
(85) million euros. Cross-border transmission income remained at the same level
as in the previous year.
The loss energy costs rose by 13 million euros to 65 million euros due to an increase in the volume of loss energy procured and a rise in the average area price for
Finland. The depreciation and reserve costs also grew from the previous year.
The maintenance management costs and personnel costs remained at the same
level as in 2009. There were no essential changes in the net income from the feedin tariff for peat and from the peak load power arrangement as compared to the
previous year.
The operating profit of the Group was 74 (51) million euros. Of the change in the fair
value of electricity derivatives, +2 (+2) million euros were recognised in the income
statement. In the last quarter, the operating profit was 23 (16) million euros.
The Group’s profit for the year was 42 (25) million euros.
The return on investment was 5.1 (3.9) per cent and the return on equity 8.7 (5.7)
per cent. The equity ratio was 28.6 (27.2) per cent at the end of the review period.
Fingrid’s annual review and financial statements are available on the Internet
at www.fingrid.fi (under Investors). Printed publications can be requested from
Fingrid’s communications.
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Four bidding areas in Sweden
There will soon be four bidding areas for electricity in Sweden.
What is the cause of this, and what are the impacts on Finland?
Text by Maarit Kauniskangas Photographs by Gorilla and Juhani Eskelinen
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”The transmission grid in Sweden is not
sufficient to transmit electricity during
situations such as high hydropower or wind
power production or during a period of cold
weather, when the demand for electricity
grows considerably.”

T

he decision to adopt four
bidding areas in Sweden is
a complete change-over in
the former strategy of Sweden and a great surprise to
many market players. What made the
Swedes change their minds?
“The division into four bidding areas is used so that we can solve problems in electricity transmission capacity. The transmission grid in Sweden is not sufficient to transmit electricity during situations such as high
hydropower or wind power production or during a period
of cold weather, when
the demand for electricity grows considerably. During normal situations, there would be
no need for separate
bidding areas within Sweden,” says Magnus Thorstensson of Svensk Energi,
an industrial organisation equivalent
to Finnish Energy Industries.

area of surplus production
hydropower

border of bidding area

hydropower

area of surplus production

nuclear power
area of deficit production
border of bidding area

nuclear power

nuclear power

area of deficit production

Bidding area proposal
accepted by EU Commission
In practice, the division into four bidding areas will become effective in
Sweden from the beginning of November 2011. The Commission of the EU
sealed the division in April 2010.
The involvement of the Commission
stems from an appeal made by Danes.
Like in most countries, the Swedish
transmission grid was developed primarily from a national viewpoint. Over
time, the grid in Sweden no longer
managed to cater for both the domestic transmission needs and foreign
trade of electricity. This is why Sweden
began to restrict foreign trade of electricity. The practical implications were

especially felt in Southern Sweden on
the border of Denmark. The Danes interpreted the European legislation in a
manner different from the Swedish interpretation and lodged an appeal with
the EU Commission.
In the autumn of 2009, Svenska
Kraftnät, the Swedish transmission
system operator, delivered its proposal of how to solve the matter to the Directorate General for Competition of
the EU Commission. The Commission
accepted the proposal, which encompasses the division of Sweden into four
bidding areas.
FINGRID 1/2011 | 9

Production in the north,
consumption in the south
The geographical distribution of electricity production and consumption in
Sweden is uneven: much of the electricity is generated in the north while
consumption focuses on Central and
Southern Sweden. The disequilibrium
has been increased by the closing of
the Barsebäck nuclear power plants
in Southern Sweden. Transmission
links between Central and Southern
Sweden in particular have become insufficient. The opening of the electricity market has also added to the electricity transmissions. The capacity of
the transmission grid in Sweden has
not matched up to the needs of international electricity trade.
By dividing Sweden into four bidding
areas, the electricity market in Sweden can be brought to equilibrium also
when there is not sufficient transmission capacity. The price of electricity is
expected to be the same most of the
time in the three northern bidding areas.
The price in the southernmost bidding area is believed to differ more
from the price in the other areas, especially on weekdays at daytime. If
there is not enough transmission capacity from the north to the south,
the price in the southernmost bidding
area will diverge from the rest of Sweden and approach the price in Denmark. In many cases, this means a
more expensive price of electricity in
Southern Sweden.
According to Svensk Energi, the division into four bidding areas is a
short-term solution. The elimination
of structural bottlenecks over a longer perspective requires that the Swedish transmission system operator reinforces the electricity transmission
grid in Sweden.
Information to players
“Administering the four bidding areas will result in additional costs for the
electricity suppliers, and these costs
will be added to the consumer price
FINGRID 1/2011 | 10

of electricity. The four bidding areas
may also reduce the options available
to the consumers, because there will
be smaller areas and fewer companies and instruments to choose from,”
says Magnus Thorstensson.
As soon as the decision of the four
bidding areas in Sweden was publicised, Svensk Energi put together a
work group to manage communications concerning the bidding areas.
The objective is to provide all electricity market players with sufficient information on issues such as Svenska
Kraftnät’s statistics and new financial
instruments in the electricity market.
“We have arranged briefing sessions for our members, in other words
electricity companies and other energy market parties. We have arranged
training for persons who assist in communications in our member organisations. Last autumn, we met more than
400 such persons in 11 different locations. Of greatest importance is how
to communicate this to the ordinary
customer in an understandable way,”
says Magnus Thorstensson.
Svensk Energi will continue to arrange regional briefing sessions on
the bidding areas to the media, politicians and other concerned parties.
Impacts on Finland
Does the division of
Sweden into four bidding areas have any
impact on Finland?
Juha Hiekkala, who is
specialised in electricity market matters at
Fingrid, says that the impacts are not
dramatic. However, there are some
concerns about area price hedging.
“Finland and Sweden have usually represented an area with the same
price of electricity. Finnish players
have often hedged their electricity
price to the area price in Sweden, because the area price instruments in
Sweden have been more liquid than
the instruments in Finland. We do not
yet know how the hedging liquidity will
evolve,” Juha Hiekkala says.

If there is not enough
transmission capacity from
the north to the south, the
price in the southernmost
bidding area will diverge
from the rest of Sweden
and approach the price in
Denmark.

The change-over in Sweden will also
affect the transmission capacity made
available to the electricity market. In
the present situation, a single transmission capacity has been allocated
between Finland and Sweden. After
the bidding area division becomes effective, there will separate transmission capacities between Northern Finland and Northern Sweden (FI-SE1)
and between Southern Finland and
Southern Sweden (FI-SE3).
Fingrid has used scenario analyses
to examine the impacts of the new bidding area system in Sweden on electricity transmissions. These analyses
suggest that the change-over would
not have an essential effect on the net
imports and exports of electricity.
The bidding area division in Sweden will add to electricity transmissions and losses in Finland. When
there is a transmission congestion between Northern Sweden and Central
Sweden, electricity will be transmitted from Northern Sweden to Finland,
in Finland from the north to the south,
and back to Sweden via the submarine cable. Such a loop increases the
transmissions in the Finnish grid.
“There have been some transit
transmissions to date, but the bidding
area division will increase them somewhat. These issues can be managed
by making corresponding amendments to the agreements signed between Svenska Kraftnät and Fingrid,”
Juha Hiekkala says.

W
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Fingrid seems to have assumed a
calm, even understanding view towards the bidding area division in Sweden. “From the point of view of the single electricity market, the bidding area
division is certainly a good solution for
the transmission problems in Sweden.
In line with the introduction of the bidding areas, the inadequate transmission capacity in Sweden is made available to the common market effectively, and market efficiency should improve,” Juha Hiekkala states.
The situation in Finland differs from
that in Sweden, and Fingrid aims to retain Finland as a single bidding area.
Fingrid considers that large bidding
areas are favourable in view of the
functioning of the electricity market.
Finland also occasionally faces situations where the transmission capacity of the Finnish grid does not suffice.
In such situations, Fingrid uses counter trade as the first measure and as
a temporary remedy. For example, if
there is a situation where 1,900 megawatts should be transmitted from
Northern Finland to Southern Finland
but the available transmission capacity is only 1,800 megawatts, Fingrid
pays an electricity producer in Northern Finland for the producer generating 100 megawatts less electricity. The
missing 100 megawatts is then produced in Southern Finland in another
power plant.
Sometimes the counter trade costs
exceed the common market benefits attained through counter trade.
In such a case, a restriction of foreign
trade of electricity is the most efficient
solution for transmission congestion
management.
“Extensive counter trade or restriction of foreign trade disturbs market
efficiency. The best way to overcome
new bidding areas is to develop the
transmission connections with a longterm and proactive perspective,” Juha
Hiekkala points out.

KNO

Grid investments needed

This column presents and defines terminology
in the electricity transmission business.

Financial Transmission Right, FTR, is a financial instrument on the difference between two different area prices. FTR is designed to hedge against the
area price risk. An area price risk arises when a producer (seller) and consumer (buyer) are located in different price areas.
As an example: A Finnish electricity producer concludes a sale agreement
with a Swedish consumer. The Finnish company is connected physically to the
Finnish transmission grid and can therefore not directly fulfil its physical supply
obligation to the Swedish consumer. The Finnish producer has to buy electricity at the area price in Sweden and supply this electricity to the consumer. The
Finnish producer obtains the Finnish area price for the electricity produced by it
in Finland, which creates an area price risk for the producer.
If the producer can buy a financial instrument which covers the price difference between Sweden and Finland per megawatt sold, the producer is able to
hedge against the price risk.
Who would sell FTR instruments?
An area price difference arises when the transmission capacity between two
areas is congested. The transmitted volume multiplied by the price difference
equals the congestion income, which is received by the owners of the transmission link, i.e. by the transmission system operators (TSOs). The congestion
income between price areas provides a natural basis of payment for the owners of FTR instruments. As the owners of the congestion income, TSOs would
be natural sellers of FTR instruments, but this is not the only option, as the
FTR is a financial instrument. Auctioning of FTR instruments can be considered as auctioning of congestion income.
FTR instruments can be sold either as obligations (where an FTR instrument becomes a payment obligation if the realised price difference is opposite
to that expected) or as options (the payment obligation does not arise).
Are there other financial instruments hedging against area price risks?
Financial instruments in the Nordic electricity market (with Nord Pool Spot
system price being the reference price) are quoted at NASDAQ OMX exchange.
This is the trading place for area price related financial instruments referred
to as Contract for Difference (CfD), which are financial instruments for the differences between Nord Pool Spot’s area price and the system price. In principle, a combination of two CfD products gives the same hedging as FTR.
Comparison of present CfDs and FTRs
Financial Transmission right contract for difference
TSO
market party
Seller
area price difference
difference between area
reference price
price and system price
obligation
Payment principle option or obligation

Text by: pekka Sulamaa
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Market coupling
expediting european
electricity market competition
Market coupling is expected to bring more
competition to the european electricity market,
especially in continental europe, and to enable
the access of increasing wind power capacity to
the market. The ﬁrst stage of market coupling
is now in motion. The next step will be taken in
a couple of years, and all eu countries will be
covered by the system in 2014.
Text by Ritva Hirvonen Photograph by Masterﬁle
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T

he purpose of market coupling is to ensure the efficient use of the electricity
transmission capacities between market areas, which
are composed of electricity exchanges, in the day-ahead market. The objective is that electricity flows from areas of a low price to areas of a higher price. The efficiency of the selected market coupling and its impacts
on socio-economic welfare can be assessed by examining the actual transmissions and the price differences between areas.
Market coupling can be carried out
in two different ways (Figure 1):
as volume coupling, or
as price coupling.
The transmission system operators
(TSOs) in Western Europe are currently preparing a European approach
concerning transmission congestion
management and market coupling.
The interim solution based on volume
coupling was introduced between the
Nordic countries and Western Continental Europe in November 2010,
and the enduring single price coupling
conforming to the targeted European approach will be implemented in a
couple of years.
Volume coupling is performed in
two stages. First, the electricity exchanges deliver anonymous order
books to the organisation which carries out the coupling, and this organisation uses the order books received
and the transmission capacities reported by the TSOs to calculate the
transmissions of electricity between
the price areas. After this, the electricity exchanges calculate the prices
of electricity in their areas using these
transmissions.

Since market coupling is carried out
in two stages, it is possible that the
transmission capacity is not used in
an as efficient manner as possible in
all situations. In such situations electricity may be transmitted from an
area of a high price to an area of a lower price even though the transmission
direction should be the opposite. The
likelihood of these transmissions referred to as adverse flows increases
when there are small price differences between price areas connected by a
transmission line.
Adverse flows may also be caused
by curtailments in changes in transmissions from one hour to another
between synchronous areas. The efficiency of volume coupling and its impacts on socio-economic welfare can
be assessed by following the adverse
flows.
In price coupling, the area prices
and transmissions between the price
areas are calculated in a single process, taking into account the transmission capacity between areas, like in the
Nordic Elspot market at present. The

The objective is that
electricity ﬂows from
areas of a low price to
areas of a higher price.
simultaneous determination of transmissions and area prices ensures that
the available transmission capacity is
allocated efficiently to those who need
it and that adverse flows occurring in
volume coupling do not arise.
First stage of market coupling
The markets in the Nordic countries
and Western Continental Europe were
integrated on 9 November 2010. The
volume coupling procedure allocates
transmission capacity between these
areas to the market parties’ disposal. Volume coupling is carried out by
the EMCC company in Hamburg. At
the same time, the countries in Western Continental Europe (Germany,
France, Belgium, Netherlands and
Luxembourg) also introduced price

Figure 1: Market coupling options: volume coupling and price coupling.
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Figure 2: The countries involved in market coupling, and the transmission links.

coupling in 4.4 per cent of the hours
between the Nordic countries and
Western Continental Europe from November 2010 to the middle of January
2011, i.e. after the introduction of market coupling.
All EU countries involved

coupling. Figure 2 presents the countries involved in market coupling at
present plus the volume-coupled interconnectors.
Figure 3 presents the area prices
before and after the introduction of interim market coupling. As a result of
the Nordic water reservoir situation
and colder than normal weather in the
north, there have been price differences between the Nordic countries and
Western Continental Europe in December and January, and the prices in
Finland have been higher than in Germany and France.

However, the transmission capacity
is now used more efficiently as a result of market integration, and there is
more competition especially in Western Continental Europe. As an example, the price differences between
France and Germany were smaller in
January 2011 (average of price differences 1.8 euros and highest daily price
difference 14.6 euros) than in January 2010 (average of price differences 9.8 euros, highest daily price difference 33.4 euros). There have been
adverse flows resulting from volume

Figure 3. Actual area prices October 2010 - January 2011.
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The volume coupling procedure will
be replaced by price coupling in a couple of years. Price coupling will cover
at least Western Continental Europe,
Great Britain and the Nordic countries. Price coupling will eliminate adverse flows occurring in volume coupling and also any impacts on area
prices between the Nordic countries
and Western Continental Europe. With
price coupling, the available transmission capacity is allocated more effectively than with volume coupling
to those who need the capacity in the
day-ahead market.
The TSOs in Western Europe made
a decision in the autumn of 2010 to
launch the price coupling project. A
detailed implementation plan will be
completed by the autumn of 2011. The
planned systems and processes will
be implemented subsequently during
2012.
The goal is to expand price coupling
to be introduced in Western Europe to
cover all EU countries in 2014.

Tapani Venho, Town Manager of Forssa,
was one of the persons who participated in the cornerstone laying ceremony. At the back Fingrid’s President Jukka Ruusunen (on the left), Mika Penttilä, Chairperson of the Town Executive
Board of Forssa, and Fingrid’s Senior
Vice President Pertti Kuronen.

ELECTRICITY PRICE
must be kept reasonable
Energy supply in Finland continues to be
founded on reliable supply of electricity at
a reasonable price. This is best achieved by
taking good care of the electricity generation
and transmission capacity, stated DirectorGeneral Esa Härmälä in the ceremony
where the cornerstone of Fingrid’s new
reserve power plant was laid.
Text by Tiina Miettinen Photographs by Jakke Nikkarinen

T

he cornerstone of Fingrid’s new reserve power plant in Forssa was laid
in the traditional fashion in January. The largest reserve power plant in
Finland will add to the security of the Finnish power system, which has
been put to the test in the past year by the occasional fierce weather conditions. Several storms in Finland last summer indicated the growing risks inflicted by weather on the power system, and the harsh winter has caused regional blackouts as heavy snow has tipped over trees on the transmission lines. The
high-voltage transmission grid in Finland has survived the summer storms and
winter conditions with little damage.
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More than sixty guests
took part in the ceremony.

The government was represented
in the cornerstone laying ceremony by
esa Härmälä, the new Director-General of the Ministry of Employment and
the Economy. In his speech, he emphasised the importance of secured electricity production and transmission
capacity. According to Mr Härmälä,
the price of electricity should remain
reasonable in view of the life of people and the functions of society, even
though the operating environment imposes a more stringent environmental
and climate policy framework for the
price trend.
“The old truth is that shortage increases the price of a product while
abundant supply decreases it. If there
is not sufficient supply, the price is
bound to go up. Shortage also brings
disturbances. This is why we must
take care of sufficient electricity generation and transmission capacity,”
Esa Härmälä stated in his speech.
The wholesale price of electricity is
determined in the electricity market
FINGRID 1/2011 | 16

“The reliability of the Finnish transmission system has
represented the pinnacle in international benchmarking
studies. However, we cannot afford to rest on our laurels
when it comes to electricity supply, but the good success
must be secured through everyday efforts.”
on the basis of supply and demand.
The Nordic electricity exchange is the
trading place for about 70 per cent of
the electricity used in the Nordic countries. Market expansion from Finland to the Baltic countries and Western Continental Europe has also taken long steps forward. However, the
electricity market is accused of poor
functioning, especially during price
spikes.
“I do not see any major, immediate
development needs in the electricity
market at the Finnish level. Instead,
we must be determined in aspiring to
a single market at the European level.
The means and arrangements, which
have been mutually agreed upon, must
be made to work. Finland has drawn

many benefits from the common Nordic electricity market. Now the focus is
on the development of the single European market,” said Mr Härmälä.
In addition to a balance between
supply and demand, the price of electricity is also influenced by many other
factors such as tax policy.
“I hope that Finland could stay at a
reasonable level in terms of the taxation of electricity. Moreover, emissions
trading has an impact on the price of
electricity, but in this matter we work
within a broader context, since we are
part of a pan-European entity,” Esa
Härmälä stated.

Reliability more
important than ever
The Finnish society has become more
and more dependent on electricity in
recent decades, and the importance
of reliable electricity supply has increased continuously. More and more
functions of society rely on uninterrupted electricity supply. If there is no
electricity, shops close their doors,
you cannot make electronic payments
or buy fuel at a fuel station, transport
is disrupted quickly etc.
Fingrid carries crucial responsibility
for maintaining and developing the security of electricity supply in Finland.
To safeguard power system security,
Fingrid maintains fast disturbance reserves. Fast disturbance reserves are
needed in situations where electricity generation decreases suddenly because of reasons such as failures at
major power plants. When the Forssa
reserve power plant is completed, Fingrid will have 1,300 megawatts of disturbance reserves.
“The reliability of the Finnish transmission system has represented the
pinnacle in international benchmarking studies. However, we cannot afford
to rest on our laurels when it comes
to electricity supply, but the good success must be secured through everyday efforts. There is also a need for
significant new investments, of which
this reserve power plant stands as a
good example,” Esa Härmälä stated.
“The government also carries responsibility for the security of electricity supply. Electricity production
based on renewable energy sources is
promoted by means of tariffs and other subsidies. Two new nuclear power
units were given permits last summer
to proceed in the relevant projects,”
Mr Härmälä said.
Overall, Esa Härmälä considers
that the government must ensure that
those who are responsible for disturbance-free electricity supply not only
have an obligation but also the opportunities and facilities to work appropriately. “Policies and legislation
must establish a framework in which

the transmission system operator can
carry its responsibility for the country’s power system. Distribution companies must also be ensured the conditions to work in extraordinary situations and to plan and build the transmission lines so that they would be as
reliable as possible in all circumstances.”
Proper functioning of the power system also entails the question of selfsufficiency in electricity production.
“If you have to answer ‘yes’ or ‘no’,
I say ‘yes’. However, self-sufficiency does not mean that we would not
trade in electricity across borders.
Electricity is a peculiar product in the
sense that it cannot be stored: it must
be produced and consumed at the
same time. We have good experiences of both electricity exports and imports. The Finnish transmission grid
is connected to Sweden, Norway, Estonia and Russia. Disturbance-free
electricity trade relying on these connections is important,” Esa Härmälä
pointed out.

Fingrid’s Executive Vice President Kari Kuusela in turn to lay the
cornerstone. “The construction
project is progressing rapidly. The
first power engine for the reserve
power plant is ready for testing at
Ansaldo’s factory in Italy,” he stated.

According to Fingrid’s President Jukka Ruusunen, the Forssa reserve power
plant has a crucial role in Fingrid’s pledge to “keep the lights on in Finland”.
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Fresh perspectives on current affairs
in Fingrid’s Market Committee
When Fingrid’s Market Committee assembles around the table, there
is no sound of a chairperson’s gavel in the meeting room. The Market
Committee is a discussion forum which assists Fingrid in the development
of the Nordic and European electricity markets. The word is free,
and things are viewed from several angles.
Text by Maria Hallila Photograph by Jakke Nikkarinen

T

he Market Committee is one
of Fingrid’s three customer
committees. It serves as a
link between Fingrid and
electricity market parties
operating in Finland.
“The advisory role of the committees is one of the basic aspects in Fingrid’s customer focus. Fingrid is also
perceived as a more market-focused
party than the other Nordic transmission system operators. This is prob-
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ably partially attributable to the good
dialogue between Fingrid and the
market parties,” says Karl-Henrik
nordblad, Fortum’s Senior Advisor,
who has been involved in the Market
Committee since its establishment in
2008.
Two-way exchange of information
Fingrid informs the Market Committee
and obtains feedback from it concern-

fingrid’s Market committee convened for its ﬁrst meeting of 2011 in early february. front row (from the left)
ari Sormunen, Jukka-pekka häkli,
antti Koskelainen, Kimmo dahl and
Juha Kekkonen. back row Karri Mäkelä, anne Särkilahti, harri Mattila, Karlhenrik nordblad, Katja lipponen and
Juha hiekkala.

ing topical development plans. The
topics discussed concern the electricity market in so far as the market has

an interface with the grid operations.
The themes comprise issues such as
the allocation of transmission capacity, congestion management in electricity transmission, balancing and
reserve markets in the power system,
balance service, and transparency of
market information.
Harri Mattila, Director at Helsinki
Energy, also belongs to the original
composition of the Market Committee. He describes the committee as
an essential body in the handling of
energy market issues related to the
transmission system, in the informing
of the market players, and in the compiling of opinions.
The Market Committee is made
up of 8 to 10 members summoned
by Fingrid, representing different
types of market participants: electricity producers and sellers, traders, users of electricity, and the electricity exchange. The company takes
care of the turnover of the members
by agreement. The committee assembles three times a year.
The Market Committee has been
chaired by Fingrid’s Executive Vice
President Juha Kekkonen since 2008.
Last autumn, Katja lipponen working
as Adviser in Fingrid’s electricity market unit assumed the secretarial duties
which until then had been held by Customer Manager Jarno Sederlund.
Refreshing perspectives
Karl-Henrik Nordblad is satisfied with
the composition of the Market Committee. “Since the members represent different types of electricity market players, the discussions highlight various aspects of the matters at
hand. This makes it easier to grasp the
big picture. I think it is important that
Nord Pool Spot is represented in the
committee, because it and the TSOs
together constitute the market place
for physical electricity,” he says.
anne Särkilahti, who is responsible for the physical energy portfolio of
UPM Energy, was summoned to the
Market Committee in the autumn of
2009. She also emphasises the com-

prehensive composition of the committee and the involvement of the
electricity exchange in it. She considers that the role of the committee is to
serve as a discussion forum with various market parties, both consumers and producers, so that the wholesale and retail customer perspective
is taken into account.
“Since my own work is largely
focused on working in the existing
market, it is occasionally refreshing
to think about things from the future
point of view. It is also very interesting
to hear the opinions of different types
of market participants on the same
topic. Sometimes – or even often –
we see eye to eye on the issues discussed,” she says.
Staying tuned
According to Anne Särkilahti, many of
Fingrid’s recent messages to the Market Committee have been related to
the integration of the European electricity market. “However, there are still
some issues even in the Nordic market where more uniform approaches
can be applied. Now we are aspiring to
a single interface for imbalance settlement in the Nordic countries.”
“You should contribute to and comment on the preparatory work for the
market rules,” is how Harri Mattila characterises the message conveyed in the
presentations given by Fingrid’s experts.
He feels that the best thing in the
most recent meeting of the committee
in early February was the review of the
current situation, which discussed the
proposals made to develop the Nordic wholesale market as a result of the
high spot prices in the previous winter.
One means was the enhancement of
the peak load reserve arrangements,
for which alternative models were
presented.
“This is a topical issue, and I have
also participated in this debate in
Svenska Kraftnät’s peak load reserve
team,” Karl-Henrik Nordblad states.
Of the rewarding topics discussed in
the most recent meeting, Anne Särkilahti also wanted to mention the cal-

“The advisory role of the
committees is one of the
basic aspects in Fingrid’s
customer focus.”
culation of counter trade costs and the
“always topical” European electricity
market integration.
Meaningful committee work
All three interviewees have a congruent view of the significance of the
efforts undertaken by the Market
Committee.
“I have a feeling that Fingrid is genuinely interested in our views and that
they are taken into account in the creation and modification of market practices,” says Anne Särkilahti.
As an example of the influence of the
committee’s views, Harri Mattila gives
a proposal discussed in 2009, concerning the splitting of the Nordic market
into more numerous bidding areas.
“That proposal is now being implemented in Sweden, but the Finnish
players shared a very consistent view
that the market in Finland should
not be divided. On the contrary, there
should be larger and fewer bidding
areas in the Nordic countries. Finland is not adopting the solution taken
in Sweden, and it is to be hoped that
there will not be a need for it in the
future, either,” Harri Mattila states.
Karl-Henrik Nordblad supports his
view. “Whenever you can see that the
views presented by the committee
have been taken into account and also
implemented, it makes you feel good.
Then you know that the committee has
really made a difference in influencing the market developments, which
in turn encourages you to focus even
more on this co-operation.”
Would there be something in the
well-functioning committee work that
could be developed further?
The interviewees raise the idea of a
topical workshop enabling in-depth discussions. This could help to devise even
some new ideas and perspectives.
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An open attitude gives

MORE TRANSPARENCY
TO THE MARKET





As the person responsible for
customers in her unit, Katja Lipponen endeavours to enhance cooperation and communications
between Fingrid’s market development efforts and the market
players even further.
“The goal is to take the stakeholders into account more effectively. This is a new task, and there
are still a lot of challenges in this
area. Feedback received from the
market players is the most rewarding thing here,” she says.
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The broad concept of electricity market development involves a
theme which readily becomes obvious to anyone examining market
development: transparency is a basic condition for impartiality and
proper market functioning. For Fingrid’s Katja lipponen, it is the
guiding star of her rapidly expanding job description.
Text by Maria Hallila Photograph by Jakke Nikkarinen

P

romoting the transparency
of electricity market information became one of the
main duties of Katja Lipponen as soon as she joined
Fingrid’s electricity market development team in the autumn of 2008. The
recently graduated Master of Science in
Technology was given challenging assignments initially within the Finnish
and Nordic electricity market but soon
also in the integrating European market. Most of her work is done within
work groups.
“The goal is that the market parties
have access to as much relevant information as possible and that the information is unambiguous, timely and available to all equally over the Internet,” Kat-

ja Lipponen summarises the goal of the
work groups.
She says that information is a key tool
for the electricity market players. “Next,
we will be working on producing a Nordic
version of the most popular section on
Fingrid’s website, the state of the power
system, to Nord Pool Spot’s website.”
ENTSO-E, the organisation of the European electricity transmission system
operators, aims to compile European
market information on a shared platform. This work is already in progress,
but there are many things left to do.
When the European platform is completed, data will no longer need to be
picked up separately for the different
countries, but all data will be found in a
single place.

Long leaps in the Baltic countries
In recent years, the biggest advancements in the increasingly integrated
European electricity market have been
achieved in the Baltic countries. Katja Lipponen has been able to follow
the electricity market developments in
these countries from a vantage point.
She works in two work groups, with the
members in one of these representing
Nord Pool Spot and the TSOs in Finland,
Sweden and the Baltic countries. The
other group works within ENTSO-E, and
it aims to advance market integration in
the entire Baltic Sea region.
Significant milestones in the Baltic
countries last year were Estonia joining
the Nordic Elspot market in early April and
the intra-day Elbas market in October.
“Estonia’s neighbours Latvia and
Lithuania continue their determined
progress towards European integration,
and they have a good chance to join the
Nordic market as early as 2011.”
Counter trade rules assessed
Katja Lipponen says that there are still
many things to develop in the exemplary Nordic market, too – and also in the
Finnish market.
Last year, Fingrid raised the rules and
procedures of counter trade to scrutiny.
The company has used several different viewpoints to assess what principles
and practical arrangements could best
provide for situations, where the capacity of the transmission grid is not sufficient for the full-scale transmission of
electricity production between Northern and Southern Finland.
In these congestion situations, Fingrid takes care of electricity transmissions by means of market-focused production arrangements. If the transmission direction is from the south to the
north, electricity production in Northern Finland is increased or electricity consumption there is reduced. Correspondingly, electricity production in
Southern Finland is decreased. In accordance with the counter trade procedure, Fingrid pays the costs caused
by these arrangements to the relevant
market parties.

1,800 MW transmissions without
counter trade

P1 1,600 MW
200 MW of
counter trade

Example of counter trade: There is
a need in the electricity market to
transmit 1,800 megawatts (MW) of
electricity from Southern Finland to
Northern Finland. Only 1,600 MW can
be transmitted between Southern and
Northern Finland, because the transmission capacity congestion (P1 intersection) between these areas restricts the transmissions.
Counter trade is applied to reduce
the transmission need so that it corresponds to the transmission capacity. Electricity production in the north
is increased by 200 MW and reduced
correspondingly by 200 MW in the
south, whereby the transmission need
is 1,600 MW. After counter trade, the
transmission need equals the transmission capacity.
In early February, Fingrid completed a
survey comparing the benefits of counter
trade to the national economy against the
resulting costs. The survey suggests that
counter trade provides overall economic
benefits in relatively rare cases and only
when the costs are low.
In the light of the survey, the new procedure and contracts prepared by Fingrid in recent months turned out to be
too troublesome, considering how much
the procedure would actually be used in
advance counter trade.
“The contracts will not be signed for
now, but we will continue with the former
procedure. In accordance with it, there is
counter trade very close to the specific
hour, in conjunction with balancing power transactions, and through bilateral
transactions,” says Katja Lipponen.
She emphasises, however, that even
though the procedure is not altered at

this stage and even though new contracts are not signed, this does not prevent the market players from contacting
Fingrid if they feel that they have available resources for counter trade purposes. “On the contrary, we welcome any
such contacts.”
From the grid to
a network of women
The electricity market evolves constantly. ”If it is quieter in some sector, there
can be many developments in another. Constant progress keeps the market parties and people in this business
alert,” Katja Lipponen says. She is satisfied with her unit and work environment, which is characterised by a spirit of enthusiasm.
“When I first came to Fingrid, it was
easy to see that even those who have
worked with market issues for a length
of time were still motivated by their duties. This work is never dull, but also not
too hectic.”
Katja Lipponen thinks that the most
burdening thing in her work is the almost infinite amount of information, like
in many other jobs these days. In the initial enthusiasm, she attempted to familiarise herself with all the information
available, but experience has taught her
to be selective and concentrate on the
essential. “Even enthusiasm may turn
against you,” she points out.
Katja Lipponen has also found an inspiring source of energy outside work.
She is actively involved in the Junior
Chamber Commerce of Havis Amanda
in Helsinki, referred to as the Amandas.
“The Amandas are a good and effective network of contacts. One of our main
activities is to arrange development and
training sessions. These events provide
knowledge and skills that are needed equally as much in work as in other
walks of life.”
Katja Lipponen has inspiring things to
do and new things to learn at home, too:
her five-year-old son Kristian keeps her
busy on a daily basis.
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electricity market
harmonising slowly
Since emissions trading is applied in the european union
but not in russia, the price of electricity purchased from
russia may be cheaper, since it does not contain the price
component of the emission allowance. at present, not much
electricity is transmitted from russia to the Baltic countries,
but there are possibilities for a much more dominating
position of russian imports. This is why the Baltic countries
hope that more transmission cables will be constructed
to the west. The import of cheap electricity to the nordic
market is not the only reason for this.
Text by Antti Lagus Photographs by Juhani Eskelinen and Vastavalo

”W

hen the bidding area
of Estonia was introduced, its price correlated reasonably well
with the Nordic price.
Now the price in Estonia has segregated quite a lot from it. The developments
in Estonia have probably been a bit faster than in Finland when the market was
opened here,” says Jukka-Pekka Häkli, Managing Director of Solidus, Finnish investment service company engaged in energy trading.
The price level of electricity in Estonia for large-scale users has increased rather considerably since
the opening of the market. This is reflected in the financial performance of
electricity sellers. For example, Eesti
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Energia reached a record high result
in 2010.
Despite the rise in price, the users
have been satisfied, because there are
now more options for electricity supply. Jukka-Pekka Häkli points out that
Estonia does not have a derivatives
market such as that in Finland. However, electricity sellers close similar
contracts.
In Estonia, the volume of trade with
a free price is approximately twice as
high as the volume of trading in the
open market. In the Nordic countries,
the majority of the electricity used is
traded in the spot market. The derivatives market in the Nordic countries
is 6 to 9 times the volume of electricity
consumed, depending on the year.

EstLink 2 harmonises
price movements
Some Latvian and Lithuanian enterprises also trade in electricity in Estonia. The bidding area of Estonia will
likely expand to Latvia this year. Electricity from outside the EU also flows
into the Baltic countries. Electricity
produced in Russia accounts for about
10 per cent, which Jukka-Pekka Häkli
considers as a significant component
in local price formation.
“However, the price in Estonia is
rather detached from the price formation in Finland. At some point, when
EstLink 2 becomes available, the prices will come closer to each other. I do
not think that the price level will necessarily become identical.”
Electricity generation in the Baltic
countries relies on coal slate, hydropower and some gas power. There is
not as much hydropower in the Baltic states as in the Nordic countries,
where at best more than half of the
generating capacity comes from hydropower in Norway. According to
Jukka-Pekka Häkli, the price level in
the Baltic countries may be more stable just because the availability of hydropower does not fluctuate as it does
in the Nordic countries.
“The price changes in the Baltic
countries depend on variations in consumption rather than in supply. In the
future, it will be exciting to see what
the transmissions between Finland
and the Baltic countries will be like,
and on the other hand how the transmissions and cross-border tariffs between the EU and Russia will evolve.”

Jukka-Pekka Häkli believes that it will
also cope in the future.
There have been good and bad years.
Jukka-Pekka Häkli considers the
price reference formed by the market as fairly reliable. There have been
doubts about price manipulation, but
Mr Häkli points out that in the absence
of a market such as that we have now,
there would be no way to control potential price manipulation.
“People tend to think with their own
wallets. When high prices are paid
for electricity, people do not think
that they probably should not use
so much electricity or that more
production capacity should be constructed,” says Jukka-Pekka Häkli,
Managing Director of Solidus.
Electricity market has survived
great challenges in the past
“The electricity market works well in
the sense that there is always a price.
It is a different matter whether everyone feels that the price is right. Overall, the electricity market has survived
even big challenges.”
For example, in the early 21st century there were a number of large American power companies in the Nordic
countries, and these companies had
to leave as a result of what happened
to Enron. When they left, much of the
liquidity of the derivatives market was
also lost. The trading volumes prevailing then have apparently not been
achieved to this day. Since the market has survived tests such as these,

Electricity exchange offsets
differences in size
Jukka-Pekka Häkli thinks that the
electricity exchange offsets fairly well
the size differences between sellers
and buyers in the market. The size issue actually becomes a question of expertise. This should also be remembered when talking about high prices.
High prices make flashy headlines,
but they do not reflect the fact that high
prices are needed for the construction
of new electricity production capacity. If there were constantly low prices,
new production capacity would not be
built. This was the situation in the early part of this century when the market
had just been liberalised and national
energy supply had given way to the inter-Nordic electricity market.
“It was noticed that Norway has
much cheaper electricity, which
should be brought to Finland. In that
situation, even production capacity
which had been built previously was
unprofitable. Market economy works
so that if the price is not high enough,
no one will invest in new production
capacity.”

Solidus hedges against price risk

I

ndustries need a stable electricity price. There are various means to hedge oneself against price spikes. The problem
in hedging is that the decisions must be made really much in advance. The present price may be composed of 10 to 15
different contracts signed at different times with the objective of not having to pay a peak price.
Solidus Oy owned by the Estonian energy company Eesti Energia is an investment service firm that provides hedging
services for industries and electricity companies which use much electricity. Solidus helps its customers protect themselves against the electricity price risk.
Solidus also trades on the customer’s behalf through a designated portfolio manager. The company trades in the electricity market, emissions derivatives, and to some extent in the oil market and oil derivatives.
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GRID ABC
This article series deals with the main operating principles, equipment
units and components in the main grid. The articles published in the
series previously can be viewed on our website at www.fingrid.fi.

Monitoring of power quality
Fingrid has monitored the power quality in the high-voltage transmission grid using separate
individual measurements since its establishment in the 1990s. For almost ten years now, the
company has used a power quality measurement, analysis and reporting system, at present
consisting of 12 meters. This system has been used primarily to support system engineering
activities. The next step in power quality monitoring will be taken when the energy meters in
the transmission grid are replaced with new meters, which enable power quality monitoring at
individual connection points of the grid.
Text by Tuomas Rauhala Photograph by FutureImageBank

P

ower quality generally refers to the entity composed
of the security of supply, and
voltage quality. From the
point of view of consumers
and those connected to an electricity
network, security of supply means that
electricity is available reliably and with
a minimum amount of interruptions.
Voltage quality, in turn, affects the
operation of devices connected to the
network. Deteriorated quality leads
to the deterioration of the operational efficiency of the devices due to reasons such as increased resistive losses and inaccuracy of operation of control equipment.
In extreme situations, deteriorated power quality can lead to protection
functions which disconnect the devices
repeatedly from the network.
While the security of supply is primarily that part of power quality which
the network operator can influence,
voltage quality is affected by both the
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structure of the electricity network and
by the devices connected to it and their
behaviour.
From the viewpoint of voltage quality, the devices typically serve as sources of disturbance, while the electricity
network serves as an intermediary of
the phenomena causing the potential
disturbances. In this way, the factors
involved in voltage quality must be taken into account in the planning of both
the network and the devices to ensure
the compatibility of the devices connected to the network.
International (such as IEC, IEEE)
and national organisations (for example network companies) have drawn up
recommendations pertaining to power quality, concerning both devices and
electricity networks. With devices, the
recommendations deal with their immunity requirements from the point of
view of power quality and also their potential adverse impact on power quality
(so-called emission limits). With elec-

tricity networks, the recommendations
typically specify recommended values
for power quality and its variation at the
customers’ connection points.
Fingrid and power quality
Based on the international power quality recommendations, Fingrid has published a report of power quality in Fingrid’s 110 kilovolt network. The report describes the nature of the factors
which influence power quality as well
as the target values set on these factors, applicable in a normal state of the
network.
The report describes voltage quality
as far as the variables given in the enclosed table are concerned. The report
also gives the definitions of parameters related to transmission reliability.
The report data and the target values
can be used for example when specifying the limits for both immunity and

energy meters in the transmission grid renewed
Fingrid has signed a contract on the procurement of new energy meters
with TK Electro Oy and Hugo Tillquist AB. The energy meters will be manufactured by the German company EMH metering GmbH&Co. KG.
The energy meters will be renewed in 2011 to 2013. The total budget of the
project is approx. 1.2 million euros.
The new meters will allow for significantly broader power quality monitoring and reporting at the connection points in terms of issues such as voltage magnitude, voltage dips, transient overvoltages and outages.

Voltage quality variables in the report of
the quality of electricity in Fingrid’s 110 kilovolt network
Voltage quality variables
Brief description of the contents of the report
Frequency of voltage
Target values of frequency variation
Magnitude of voltage
Target values for both individual and recurring
changes (known as flicker)
Voltage variations
Target values for both individual and recurring
changes (known as flicker)
Voltage dips
Definition of voltage dips and indicative information
in the form of annual averages
Transient overvoltages
Indicative and statistical information about sustained overvoltages and resonance-frequency
overvoltages
Voltage unbalance
Target level and related requirement concerning
load current asymmetry
Harmonic voltages
Target levels for both total distortion and individual
harmonic voltages, and emission limits of current
distortion related to these
Inharmonic voltages
The report contains a general description
emission requirements for the devices sess their relevance to power quality
to be connected to the network.
comprehensively using computational means.
Measurements play key role in
Moreover, the validity of the princiquality monitoring
ples and computing methods used to
support power system planning typiThe role of measurements and conse- cally decreases when the structure of
quent monitoring is crucial in attain- the system becomes more complicating the target values for power qual- ed and as the interactions between the
ity. This is largely due to two reasons. components affecting power quality inSome of the events affecting quality in crease. Power quality measurements
a power system, such as transient ov- are actually essential so that the fulfilervoltages, are statistical by nature and ment of the target values can be monimagnitude, and it is very difficult to as- tored and so that the correctness of the

design criteria can be estimated reasonably and continuously.
Another objective of monitoring and
related measurements is to enable efficient and unambiguous reporting
pertaining to power quality to the customers.
Highlighted importance of quality
monitoring
In the next few years, the importance
of power quality and above all its monitoring is likely going to increase along
with the rapid increase in the number
of electricity generation and consumption devices based on power electronics. The need for monitoring will also
increase as a result of the integration
of renewable generation, in Finland especially wind power. This monitoring is
related for example to the potential adverse effects on power quality due to
fast variations in generation and due to
a need to verify the co-ordinated operation of fast voltage regulators.
The greater role of monitoring is not
only based on the need to make sure
that power quality remains at a good
level. It also helps those planning and
operating the power system to understand how the new devices actually affect power quality. Monitoring allows
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ating principles as the technology and
characteristics of equipment affecting
power quality change.
Accurate view of power quality
Since 2003, Fingrid has been using a
separate power quality measurement,
analysis and reporting system. One to
three new meters applicable to the detailed analysis of power quality have
been procured at intervals of a few
years. At present, the system consists
of 12 meters and of a monitoring, analysis and reporting software for power
quality.
Eleven of the meters have been installed permanently at substations of
the high-voltage transmission grid.
The location of the meters has been
determined above all by the location of
components which have potential significant bearing on power quality in the
grid. Such components include for example the converters of high-voltage
direct current (HVDC) links. The objective of the continuous measurements
related to these devices has been to
ensure that the power quality criteria
specified for the operation of the devices continue to be fulfilled as the structure of the grid changes.
Some of the meters are installed in
locations where they not only measure
the local power quality but where they
also support Fingrid’s needs to monitor the magnitude of currents* induced
geomagnetically in the power system
as a result of solar storms.
One of the meters is movable, and,
whenever necessary, it is used for temporary power quality measurements
lasting from weeks to several months.
The analysis system enables very
detailed itemisation of power quality. Power quality reports based on international quality standards and primarily containing the variables given in
the table on page 25 can be produced
over various periods of time. The system also enables other reports, for example of the voltage and current waveforms measured in conjunction with
events related to power quality and of
the temporal and statistical variation
of the quality variables in different periods of time.

Comprehensive monitoring
also benefits the grid
customers, because all
parties connected to the grid
can be supplied with reports
of the power quality at
specific connection points.

Movable

location of meters used for electricity
quality analyses by Fingrid.

Due to the limited number and locations of the power quality meters, quality measuring data has been used primarily to support system engineering
analyses and in conjunction with the
analysis of post-disturbance performance of the power system.
Since there are relatively few analysis meters, it has not been possible to
establish a comprehensive view of the
power quality in the entire high-voltage transmission grid and its trend in
the past 10 years. On the other hand,
the detailed measurements referred
to above and other separate measurements have shown that the power
quality in the grid has generally been at
a very good level. This is why no immediate needs to expand the analysis system have been perceived.

Extensive monitoring gives added
value to customers
The energy meters used in the Finnish high-voltage transmission grid will
be renewed in 2011-2013. The new instruments enable the measurement of
energy and also the measurement of
system variables pertaining to power
quality.
Even though the new meters are designed primarily for energy measurements and their features do not correspond to meters specifically designed
for the analysis of power quality, they
can be used for power quality monitoring at the customers’ connection
points in terms of the primary limit values and events. If the general monitoring reveals needs for further analyses
in terms of one or more quality parameters, the meters will also enable the
recording of time series related to individual variables. In other words, it will
be possible to monitor power quality in
the transmission grid much more comprehensively than at present.
Comprehensive monitoring also
benefits the grid customers, because
all parties connected to the grid can
be supplied with reports of the power
quality at specific connection points.
A comprehensive monitoring system
also makes it possible to specify the
need for more accurate power quality
measurements, for example through
the expansion of the system intended
for power quality analysis.
The monitoring and reporting system based on power quality data provided by the energy meters together
with the actual quality meters constitutes an entity which enables comprehensive monitoring and, where necessary, detailed analysis of power quality in the high-voltage transmission grid
as major changes are taking place in
the Finnish power system in the coming years.
* These GIC currents have been discussed in article “Transmission grid
withstands geomagnetic storms” in
Fingrid magazine 2/2010.

* These GIC currents have been discussed in article “Transmission grid withstands geomagnetic
storms” in Fingrid magazine 2/2010.
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new contract period for grid service
being prepared
Fingrid is working actively to update the terms and pricing of
its grid service for a new contract period. The present four-year
contract period will expire at the end of 2011.
Text by Petri Parviainen Photograph by ScanStockPhoto

A

s part of the preparatory
work, Fingrid has examined
a number of different tariff
structures. Based on these
studies, the present energy-based tariff structure, which is applied uniformly to all those connected to the grid,
turned out to be by far the most functional and fairest of the various alternatives.
However, the connection point fee included in the tariff has not had the desired control effect, so the connection
point fee will be abandoned in the next
contract period. On the other hand,
there are plans for a separate connection fee concerning new connections as
of the beginning of 2012.
In accordance with a decision made
by the Board of Directors of Fingrid in
December 2010, the new contract period will apply the energy-based tariff
structure in use at present. In the future, the unit prices in the tariff will be
specified annually from the early autumn to the next calendar year. Fingrid’s Board will confirm the new unit
prices for 2012 in the early autumn of
2011.
A significant increase is to be expected in the level of the tariff. This is primarily due to Fingrid’s sizeable capital
investment programme and the higher
loss energy and reserve costs.
Preliminary grid specification
ready in the spring

For a length of time, Fingrid has conducted discussions with its customers and regulators, aiming to reach
an understanding within the industry of the definition of the high-voltage

grid, of Fingrid’s responsibilities and
obligations, and – ultimately – of detailed changes in the scope of the grid.
A task force of the Ministry of Employment and the Economy also examined
this matter as part of its report of the
implementation of the third legislative
package on the EU’s energy and gas
markets and the subsequent updating
of the Finnish Electricity Market Act in
2011. The completion of the report has
taken longer than expected, and Fingrid
has not been able to present its plan in
accordance with the original schedule,
by the end of 2010.
In the spring of 2011, Fingrid aims
to publish a preliminary detailed grid
specification based on the grid definition principles discussed. When the
new Electricity Market Act comes into
force, the necessary changes can be
carried out and the definition of the
nation-wide transmission grid can be
confirmed.
If the specification of the grid requires
network ownership arrangements,
these will be launched with the parties
concerned as quickly as possible so
that any necessary network transactions or corresponding arrangements
would be complete before the new grid
contract period commences.
As an alternative to network transactions, Fingrid is examining a connection network model to be applied to individual cases. In this model, Fingrid
would continue to own the network in
question, but, alongside the grid service fees, both the capital and maintenance costs of the network would be
levied from the connecting party as a
connection network fee. The costs of
networks which would no longer be

included in the specified nation-wide
high-voltage grid would hence be allocated to those who need the particular
connecting network, and these costs
would not be funded through grid revenues. This principle is due to be
applied primarily to the grid
connections of renewable electricity generation units when
there are several
connecting parties. The principles of the connection network fee will
be specified
further after
Fingrid’s preliminary grid
specification is
complete in the
autumn of 2011.
Co-operation
and interaction
needed
The successful introduction of
the connection fee and the specification of the high-voltage grid and connection networks call for good co-operation and active interaction between
the customers, Energy Market Authority and Fingrid. The objective of the reforms is to ensure the equal treatment
of customers, enable the execution of
the necessary grid investments, and to
retain the high system security and the
internationally relatively inexpensive
international transmission fees in Finland. The discussions will continue this
spring, summer and early autumn.
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Resourceful
conformist
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eYeS on naTure

T

he fox is one of the most popular characters in Finnish fables. It is cunning and crafty,
always ready to fool itself a
snack or other benefits. It ridicules both
the strong bear and the wise raven, and
in many cases it also triumphs when it
pits its wits against us humans. The fox
encapsulates the old Finnish saying:
He who fools others is not stupid, but
he who lets himself to be fooled is.
You can disagree on the morality of
that saying, but nature knows no morals. The resourceful and the adaptable will cope, especially in this rapidly
changing world. The fox is just that. It
is even spreading to urban centres, and
a fox sneaking near a hot dog stand in
the dead of night is not necessarily just
an illusion caused by a long stay at the
pub.
The fox is a true survivor, an opportunist which grabs every prospect and
adapts to a wide array of situations. It is
a canine predator which primarily preys
on moles. However, its menu is much
more diverse: it includes birds, frogs,
reptiles, large insects, berries, and any
surplus left by us people. Easy nutrition
actually attracts foxes to towns.
But let’s get back to folktales. They
are moral stories in which animals
with their different traits serve as human surrogates. When you observe a
fox, you soon see where it has obtained
its traits. It walks along the edge of the
field, relaxed and without a care in the
world, but still constantly watchful of
its environment. If it detects something
suspicious, it stops in its tracks, listens
with its head tilted, but does not dither
with its decision. Suspecting the slightest danger, it escapes, but stops at the

edge of the forest to look back. It is time
for reassessment. It is always best to
make sure, but there is no reason to
run away without a cause.
A few times I have been in a situation
where a fox has strayed right beside
me before it has noticed anything. If it
does not pick up a scent and you sit silent and motionless, it is not able to discern you. It weighs the situation without suspecting danger, and at that moment it is really difficult not to humanise the fox. The curious eyes reflect an
intelligent consideration, for which it
is difficult to find words. Intelligence
is a human term, and the fox is not intelligent in that way. But there is a foxy
twinkle in the eyes, and the gaze is not
the slightest bit empty.
We try to measure and classify things,
set everything on a scale where things
would be proportional to each other. This is done by human standards,
which makes a great injustice to other
animals. Only a few decades ago, even
mammals were considered as some
kinds of automatic beings simply obeying their instincts. Now of course we
know better, and being someone who
observes animals for a living, I can constantly see how rich and full of nuances
the life of foxes is and, as an example,

The fox is a true survivor,
an opportunist which grabs
every prospect and adapts to
a wide array of situations.

how well they communicate with each
other even if they do not have a language. A fox is a fox, and in that business it is a true champion.
For decades, the only good fox was a fur
of one awaiting treatment on the wall.
Good money was paid for fox furs, and
foxes were consequently hunted very
much. The persecution rendered foxes
timid and cautious, and they have not
lost these features to this day. City foxes are another thing; they have crossed
the boundary and noticed that the
city dwellers are harmless. But in the
countryside the fox is still hunted, and
its behaviour is characterised by great
distrust. It thrives in a built-up landscape, it inevitably comes across people, it wanders at night time passing
yards and chasing rats near cowsheds,
but only surrenders to a close contact
after it has verified that its neighbours
are reliable in every way. This usually
happens in adolescence, because you
can also apply another saying to a fox:
You cannot teach an old fox new tricks.
It knows about human trickery and
keeps an appropriate distance to us.

Heikki Willamo, columnist of the Fingrid magazine, is a photographer, author and journalist from Karjalohja. He has published several nature books for both children and adults; most recently “Hirven klaani” (Otava 2005), “Pyhät kuvat kalliossa” (together with Timo Miettinen, Otava 2007), “Huuhkajavuorella” (together with Leo Vuorinen, Maahenki 2008) and “Viimeiset vieraat - elämää autiotaloissa” (together with Kai Fagerström and Risto Rasa, Maahenki 2010). Heikki Willamo’s special objects of interest include forest nature in Southern Finland,
Northern rock art, and myths related to animals.
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Grid reinforcements completed in Lapland
Fingrid has completed the projects reinforcing the transmission grid in Lapland,
valued at about 60 million euros. The projects covered the construction of a 220
kilovolt transmission line from Rovaniemi to Kittilä and further to Sodankylä, plus
the building of three substations.
he grid reinforcements improve the supply security of electricity for the people
and businesses of Lapland. Electricity consumption in Lapland is increased by
tourist resorts and the mining industry in particular. Electricity consumption in
Lapland has grown especially in the Ylläs, Levi and Rovaniemi regions.
The route of the new transmission line runs from the Petäjäskoski substation
in Rovaniemi via Kaukonen in Kittilä to the substation located at the Vajukoski hydropower station in Sodankylä. The total length of the new transmission line is approx. 240 kilometres. In addition to the transmission line, the total project covered
a new substation at Isoniemi and the upgrading of the Valajaskoski and Vajukoski
substations. The construction project took about three years, and its total budget
was 60 million euros.
“The high-voltage transmission grid in Lapland is in a good condition now, but
even these reinforcements are not necessarily enough over a time span of 10 years.
The new nuclear power unit planned in Northern Finland together with the wind
turbines on the coast of the northern part of the Gulf of Ostrobothnia have an impact on our regional grid plans in Northern Finland. There are also plans for a third
cross-border interconnection between Northern Finland and Sweden to be built at
the end of this decade,” said Jukka Ruusunen, President and CEO of Fingrid, in the
closing ceremony of the project in Kittilä on 17 February.

Photograph by Jari-Pekka Karhu
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New peak load reserve act passed
The Finnish act on the peak load reserve which secures a balance between
electricity production and consumption
(117/2011) entered into force on
1 March 2011.
n accordance with the new act, Fingrid is to draw up the rules concerning the readiness for use of the peak
load reserve, its use and making the
reserve available to the electricity market, and to sign the relevant agreements with the parties covered by the
arrangement.
The administering of the peak load
reserve by Fingrid encompasses the
payment of the compensations to the
parties involved in the arrangement as
well as the coverage of the resulting
expenses by means of invoicing based
on electricity consumption.
The Energy Market Authority will determine the necessity of the peak load
reserve, organise the competitive bidding for the procurement of the reserve, and confirm the rules of the arrangement and the determination principles of the fees.

I
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Project for the harmonisation
of Nordic balance settlement
making progress
In 2010, the Nordic transmission system
operators Energinet.dk, Fingrid, Statnett
and Svenska Kraftnät launched an inter-Nordic project on the harmonisation
of their balance settlement procedures.
The work has now progressed to a report
of the principles of balance settlement.
he project is also one of the sectors in the development of the inter-Nordic retail market for electricity.
Last December, the project completed
a plan report of inter-Nordic balance
settlement. The report covers uniform
balance settlement rules, and balance
settlement procedure and adjustment
invoicing through a single Nordic balance settlement unit.
The plan report has been sent for
comments to the stakeholders operating in Finland. The report is available at
http://www.fingrid.fi/portal/suomeksi/
palvelut/tasepalvelut/nordic_balance_
settlement/.
The work will continue in the spring
by the analysis of the comments and
by the further specification of the actual balance settlement. The goal is to
introduce the new centralised balance
settlement model in early 2014.

T

Fingrid scored again high
in stakeholder survey
In November, Fingrid arranged the annual survey among its stakeholders.
The survey was arranged among Fingrid’s grid, balance service and crossborder transmission customers, electricity market parties, and this time
also among service providers, regulators and industrial organisations. A total of 120 stakeholder representatives
replied to the survey, i.e. 59 per cent of
those who received the survey form.
he results are consistent with
those of previous years. Fingrid’s
efforts are perceived as highly responsible, and the respondents think that
the company has succeeded very well
in its main duties.
Fingrid’s general grade among all
respondents was 8.55 on a scale from
4 to 10, and among grid customers
slightly higher, 8.64.

T

agreements for electricity transmission from russia to Finland

Fingrid’s supplier
register expanded

Fingridhasconcludedagreementswithtwo
electricity importers on electricity transmissions from russia to Finland between 1
January and 30 June 2011. The commercial
capacity of the russian cross-border connections totals 1,300 megawatts.

external service providers are a strategically vital resource for Fingrid. The
company uses supplier registers to ensure the sufﬁciency, expertise, quality
and availability of these resources.

f

ingrid has been using a supplier
register for construction projects.
Last autumn, another supplier register
for vegetation clearing contractors was
also introduced.
The supplier register for construction projects was expanded to concern
the maintenance of transmission lines
and substations and the general planning of transmission lines. This year’s
process of finding new suppliers is in
progress.

Answer the below questions and send your reply by fax (number
+358 (0)30 395 5196) or mail to Fingrid no later than 29 April 2011.
Address: Fingrid Oyj, PL 530, 00101 HELSINKI, FINLAND. Mark the
envelope with “Verkkovisa”.
Among all those who have given right answers, we give 5
Sagaform’s Suomi serving dishes as prizes by drawing lots.
The answers to the questions can be found in the articles of
this magazine.
1. The Fenno-Skan 2 submarine cable to be laid at the bottom
of the Baltic Sea next summer will increase the electricity
transmission capacity between Finland and Sweden by
approximately
20 per cent
40 per cent
60 per cent.
2. The term volume coupling is related to
electrical safety
transmission line maintenance
electricity market integration.
3. Once completed, the Forssa reserve power plant will increase
the volume of Fingrid’s disturbance reserve to

Grid Quiz

Competition to the readers
of Fingrid Magazine

5. ENTSO-E, the organisation of the European electricity
transmission system operators, has published a ten-year
network plan. How much new transmission lines does the plan
propose to be built?
10,000 kilometres
42,000 kilometres
54,000 kilometres.
6. At present, electricity prices in Finland and Sweden are
congruent for approximately
60 per cent of the time
80 per cent of the time
95 per cent of the time.

Name

750 megawatts

Address

1,300 megawatts

Post office

2,400 megawatts.
4. The term counter trade is related to
congestion situations in electricity transmission
electricity trade between Finland and Russia
derivatives trade of electricity.

Photograph by Juhani Eskelinen

T

he following enterprises will import
electricity on Fingrid Oyj’s crossborder connections from Russia: RAO
Nordic Oy (980 MW) and Scaent AB (320
MW). In accordance with a report submitted by Federal Grid Company (FGC
“FGC UES”), the Russian TSO, the Russian electricity seller INTER RAO UES
has agreed on electricity supply from
Russia to Finland with the said enterprises. Fingrid’s transmission agreements with the electricity importers
are valid until the end of June 2011.

E-mail address
Telephone number
Winners of prizes of the Grid Quiz in the previous Fingrid magazine (3/2010):
Petteri Helisten, Kuopio; Tuomo Jokinen, Helsinki; Liisa Sormunen, Niittylahti;
Matti Valli, Ilmajoki; Timo Vienanlinna, Naantali; Eero Virolainen, Riihimäki.
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Electricity Museum Elektra

continues to present electronic games
The special exhibition at electricity Museum elektra in 2011 continues
to concern the highly popular theme of electronic games.
The museum in Hämeenlinna will open to the public
in early May and will stay open until the end of August.
At other times, the museum is open by appointment.
The basic exhibition offers much to see from
the history of electrification for visitors of all ages.
welcome!
admission fees • children under 13 years 0 €
• children 13–17 years 1 € • Students and pensioners 2 €
• adults 4 € • groups 2 € per person by appointment (under 13 years 0 €)
• fingrid employees with guests 0 €

opening hours of museum
• May Tue-fri 12–16
• June-august Tue-fri 11–18,
Sat 10–17

Further information:
info@elektra.ﬁ, telephone on weekdays and during opening hours
+358 30 395 4326 or +358 400 205 361.
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