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Abstract

As the share of variable renewable electricity generation in the power system increases, the bal-
ancing of the power system becomes more challenging. It is important to ensure that providers of
flexible balancing capacity do not face financial barriers to participate in the balancing market. In
terms of technical capability of wind power plants, it is possible for wind power to participate in
the balancing market, but there are still uncertainties related to its cost-efficiency. The market en-
vironment and requirements for the balancing market participation of wind power should be as
easy to access and fulfil as possible within the constraints of power system operation.

This thesis examines the participation of wind power in the Finnish balancing electricity
market. The thesis includes a literature review and a qualitative empirical research. The literature
review presents an overview of the current Nordic electricity market and the balancing principles
in the Nordic power system. In addition, the main characteristics of wind power, and the behaviour
of wind power generation in the power system are examined as part of the literature review.

The empirical research consists of interviews with different actors within the field of wind
power. According to the interviewees, the participation of wind power in the balancing market and
in other electricity markets is seen to increase in the future. The interviewees find the topic inter-
esting and topical. There are, however, still some challenges which need to overcome before higher
share of wind power will be able to participate in the markets. Among others current subsidy
schemes, operation processes of wind power plants, and agreement arrangements between differ-
ent actors challenge the participation. It was clearly brought up in the interviews that more infor-
mation about the wind power participation possibilities in the balancing electricity market as well
as in the other electricity marketplaces is desired from Fingrid.

According to the findings, the main challenges of the wind power participation relate to the
operation of the wind power actors as well as the overall knowledge of the wind power participa-
tion possibilities, rather than the current way the balancing electricity market itself works. Fingrid
should target the development towards improved information sharing and exchanging with the
wind power actors. The information exchange would not benefit just the wind power actors but
also the operators in the main grid control centre. For improved information sharing and exchange
purposes among others webinars and workshops by Fingrid should be arranged. Additionally, to
ensure the adequacy of the balancing capacity in the power system, an additional capacity market
for downward balancing could be arranged.

Keywords Wind power, balancing market, power system balancing, wind power control
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Tiivistelmé

Sadn mukaan vaihtelevan uusiutuvan sidhkontuotannon osuuden kasvaessa sdhkojérjestelméssa
sihkon tuotannon ja kulutuksen vélisen tasapainon ylldpitdminen tulee haastavammaksi. On tér-
kedd varmistaa, ettd millddn joustokykyiselld sdhkontuotantokapasiteetilla ei ole taloudellisia es-
teitd osallistua jarjestelmin tasapainotukseen. Tuulivoimalaitosten teknisen suorituskyvyn kan-
nalta tuulivoiman on mahdollista osallistua sddt6sdhkomarkkinoille, mutta kustannustehokkaaseen
osallistumiseen liittyy yhd epdvarmuuksia. Vaatimukset niin sddtésdhkomarkkinoille kuin muille-
kin markkinapaikoille osallistumisesta tulisi olla mahdollisimman helposti tdytettavissa.

Tama diplomityo tutkii tuulivoiman osallistumista Suomen sdédtosahkomarkkinoilla. Diplo-
mityo kostuu kirjallisuuskatsauksesta seké laadullisesta empiirisestd tutkimuksesta. Kirjallisuus-
katsaus antaa kokonaiskuvan nykyisestd pohjoismaisesta sihkomarkkinarakenteesta sekd pohjois-
maisen sihkojarjestelmén tasapainottamisperiaatteista. Liséksi se tuo esille tuulivoimatuotannon
keskeisimmait ominaisuudet seké tutkii tuulivoiman kayttdytymistd sdhkojarjestelmassa.

Ty6n empiirinen tutkimus pohjautuu tuulivoimatoimijoille tehtyihin haastatteluihin. Haas-
tateltavien mukaan tuulivoiman osallistuminen sddtosdhkomarkkinoilla sekd muilla sahkomarkki-
noilla tulee kasvamaan tulevaisuudessa. Haastateltavat kokevat aiheen kiinnostavana ja ajankoh-
taisena. Osallistumiseen liittyy kuitenkin vield haasteita, jotka tulee ratkaista ennen kuin suurempi
osa tuulivoimasta pystyy osallistumaan markkinoille. Muun muassa nykyiset tuotantotuet, tuuli-
voimaloiden operointitavat sekd sopimusjérjestelyt eri toimijoiden vililld haastavat tuulivoiman
osallistumisen. Haastatteluissa tuli esille selkeésti toimijoiden toive saada lisé4 tietoa tuulivoiman
osallistumismahdollisuuksista sddtosdhkomarkkinoilla sekd muilla sahkomarkkinapaikoilla.

Tyon mukaan padhaasteet tuulivoiman osallistumiseen sddtosdhkomarkkinoilla liittyvit 14-
hinnd tuulivoimatoimijoiden toimintoihin sekd heidédn yleiseen tietimykseensd osallistumismah-
dollisuuksista. Sdiatosdahkomarkkinoiden nykyinen toimintamalli ei itsessddn luo suuria haasteita
toimijoille. Fingridin tulisi kehittdd tuulivoimatoimijoille kohdennettua tiedonvaihtoa. Tiedon-
vaihdon kehittiminen edesauttaisi myos kantaverkkokeskuksen operaattoreiden tyotd. Tiedon-
vaihdon parantamiseksi Fingridin tulisi jarjestdd esimerkiksi erilaisia webinaareja ja tydpajoja. Li-
siksi sdhkojdrjestelmén sddtokapasiteetin riittdvyyden varmistamiseksi esimerkiksi kapasiteetti-
markkinan laajentamista alassddtoon tulisi pohtia.

Avainsanat Tuulivoima, sédtosdhkomarkkinat, sahkojérjestelmén tasapainottaminen, tuulivoi-
man hallinta
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1 Introduction

1.1 Motivation and background

The wind power capacity has been increasing during recent years in Finland. At the end
of 2019, the total wind power capacity was over 2 200 MW, and it is expected to increase
in the following years. As conventional flexible electricity generation is decreasing, it is
increasingly important to acknowledge the potential of wind power as a flexible source
of capacity. In terms of technical capability of wind power plants (WPPs), it is possible
for wind power to participate in the balancing market, but there are still uncertainties
related to the cost-efficiency of its participation. Among others the current financial sup-
port for wind power - the feed-in-tariff (FIT) - and the price level of the balancing market
do not create strong financial motives for wind power actors to participate in the balancing
market. In 2019, the share of participating wind power capacity in the balancing energy
market from the total wind power capacity in Finland was only 2,3 %. Thus, the wind
power participation level in the balancing market is still quite low.

With an increasing share of variable renewable electricity (VRE) generation, the balanc-
ing of the power system becomes more challenging, and it needs to happen closer to the
physical delivery of electricity (Holttinen et al. 2011). Furthermore, traditionally, con-
ventional power generation and hydropower have balanced the fluctuating power de-
mand. However, as the share of wind power and other VRE generation increases, also
now the variability of the power generation needs to be balanced. In order to integrate
increasing amount of wind power into the system, it is important to ensure a secure oper-
ation of power system. The market environment and requirements for participating in the
balancing market should be as easy to access and fulfil as possible within the constraints
of the power system operation. It is important to ensure that providers of flexible balanc-
ing capacity do not face financial barriers to provide their capacity for the purpose of
balancing the power system.

1.2 Content and structure of the thesis

This thesis examines the participation of wind power in the balancing market. It aims to
determine the factors affecting the participation by investigating the risks and challenges,
as well as the benefits related to it. Furthermore, the thesis will consider how the economic
barriers for wind power participation in the balancing market could be minimized in order
to get all the possible balancing capacity to the markets. It aims to find the development
areas and create suggestions for measures to further improve the balancing market envi-
ronment. The thesis answers to the following research question:

What kind of development of the balancing energy and balancing capacity mar-
kets would support an efficient and market-based environment in which also the
barriers to wind power participation could be minimized?



In addition, the goals of the thesis can be divided into three subgoals:
1) Examining the current situation of wind power generation from electricity gener-
ation and power system perspectives.
2) Investigating the participation of wind power in the balancing electricity market.
3) Considering how to minimize the barriers of wind power participation in the bal-
ancing electricity market.

After the introduction to the topic in the first chapter, the second chapter describes the
current Nordic electricity market structure. In the chapter, the different marketplaces and
reserve products, as well as the principles of imbalance settlement, are introduced.

The third chapter focuses on wind power generation and its characteristics. It introduces
among others the principles of wind power control as well as the different financial sup-
port mechanisms for wind power generation. It also investigates the behaviour of wind
power from the power system perspective and explains how the variable nature of wind
power affects the power system operation.

The fourth chapter is based on interviews with different wind power actors. It introduces
the results of the interviews and thus shows the status and views of wind power actors
related to their participation in the balancing market. The interviews with the wind power
actors constitute the empirical part of the thesis.

The fifth chapter focuses on wind power participation in the balancing market. In the
chapter, an examination of balancing market participation of wind power based on liter-
ature as well as market data is done. The fifth chapter also describes the current partici-
pation situation in Finland and in Denmark. At the end of the chapter, a theoretical exam-
ination of suitable price levels for wind power participation is done.

The sixth chapter targets the possible development areas related to wind power participa-
tion in the balancing market and aims to bring up suggestions for further measures. Chap-
ter seven concludes the thesis.

The thesis is outlined to consider only wind power leaving other VRE sources out of the
scope. The examined market environment is the balancing energy and capacity markets,
apart from the introduction of the Nordic electricity market structure in the chapter 2.
Furthermore, the thesis will focus mainly on the situation in Finland. However, a short
examination of the situation in Denmark is done in chapter 5 in order to understand the
main differences between the countries. Denmark was chosen as a comparative case due
to the significant amount of wind power in the power system and a market environment
that is similar to Finland’s.



2 Nordic electricity market

2.1 Market structure

The Nordic electricity wholesale market structure consists of multiple separate markets
where the electricity can be traded in different time frames (Figure 1). The marketplaces
can be categorized into financial and physical power markets. The current marketplaces
for the physical trade are day-ahead market, intraday market and balancing market. The
financial markets enable trading financial derivative products related to the price of elec-
tricity, such as futures and options. These financial products are mainly used to hedge the
price of electricity and to manage risks. There is no physical trade of electricity in the
financial markets. This chapter will focus on the operation of the physical power markets
leaving the financial markets out of scope. After the actual delivery of the electricity, the
imbalances incurred during the delivery hour are settled through the imbalance settle-
ment.

Financial market Day-ahead market Intraday market Balancing market
Reserve markets
Trading period

Continuous trading:
current and the Real time
following day

Imbalance settlement

After the delivery

>
o
[
2
o
[s]

10 years to a day Auction for the next
before day

Products
Futures, options

Ayear, 3 months, amonth and a An hour An hour 1-60 minutes
week

Imbalance power

Figure 1 The market structure of the Nordic electricity market. (Fingrid 2020a)

In the Nordic countries (here referred as Denmark, Finland, Norway and Sweden) the
wholesale market for physical trading of electricity has been traditionally operated
through Nord Pool Spot power exchange (Partanen et al. 2015). However, there has been
preparation of launching competition between power exchanges in Nordics. Hence, the
competition was started successfully in summer 2020. This change enables market par-
ticipants to choose the power exchange for their wholesale market operation. At first the
Nominated Electricity Market Operators (NEMOs) operating in Nordics will be Nord
Pool, EPEX SPOT and Nasdaq. Other authorized power exchanges will, however, also
be allowed to enter the market. (Fingrid 2020b; Fingrid 2020c) The wholesale market-
place for financial products is Nasdag OMX Commodities (Partanen et al. 2015; Nasdaq
2020).
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2.1.1 Day-ahead and intraday markets

In the day-ahead market a system price and area prices for electricity are determined. The
day-ahead price is formed for each delivery hour of electricity for the upcoming day. The
market participants submit supply and demand bids as a closed auction through power
exchanges before the gate closure time (GCT) at 12:00 Central European Time (CET).
The bids consist of price and hourly volumes of electricity from a certain geographical
area. According to the given bids the system price for the day-ahead market is determined
by arranging the bids into supply and demand curves for each delivery hour of the next
day (Figure 2). (Nord Pool 2020a) This system price is uniform everywhere in the market
area and it does not take possible transmission constraints into consideration. It is usually
used as the reference value for trading in the financial market. (Partanen et al. 2015)

Price
(€/MWH)
~
@
o
"
- |
‘6 ___________________
-
B :
Z :
: Demand
Supply
; , Volume
“ (€/MWH)
Turnover

Figure 2 The formation of the hourly day-ahead system price on the Nord Pool Spot market. The system
price is the intersection between the supply and demand curves. (Nord Pool 2020a)

In case of no limitations of transmission capacity in the network, the system price would
be the day-ahead price of electricity overall in the market area and no differentiations of
prices in geographical manner would occur. However, the electricity price can be affected
by the available transmission capacity in the network. (Fingrid 2020a) The price of elec-
tricity varies between different geographical areas (i.e. bidding zones) if the transmission
capacity for trading electricity is insufficient. When the transmission capacity is insuffi-
cient, a congestion of power flow arises, and thus the day-ahead price of electricity be-
tween bidding zones differs leading to different area prices. In the Nordic region each of
the transmission system operators (TSOs) has decided into how many bidding zones the
country is divided. Currently Norway has five (NO1-NOS5), Sweden four (SE1-SE4),
Denmark two (DK1-DK2) and Finland one (FI) bidding zone. (Nord Pool 2020b)

The day-ahead market aims to balance the power system by matching the forecasted de-
mand and supply (Nord Pool 2020b). However, the bidding for the day-ahead market
closes 12-36 hours before the actual delivery. This leaves a large time gap between the
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forecasted situation and the actual delivery hour. Especially at present as the share of
intermittent renewable electricity generation increases, the actual delivery of electricity
may differ from the forecasted situation from the generation point of view. For instance,
the prognoses for wind power generation may change due to more accurate weather fore-
casts leading to a challenge for the generation unit to be in balance after the day-ahead
market is closed. In addition, unforeseen changes in the forecasted consumption or an
unexpected tripping of power plant may occur (Fingrid 2020a).

The intraday market enables better secured balance between the supply and demand by
providing possibility to trade electricity after the closing of the day-ahead market, hence
closer to the actual delivery hour. The intraday market is a continuous market, where the
market participants can trade electricity until one hour prior to the delivery. In some cases,
the intraday GCT can be even shorter - for instance, currently the GCT for Estonia-Fin-
land border is 30 minutes. There is also an ongoing pilot for intraday trading with zero
minutes GCT within the bidding zone of Finland (Fingrid 2020m). The trades in intraday
market are set on a first come first served basis, where the highest buy price and the lowest
sell price come first. In Nord Pool’s intraday market, the market participants can trade
either 15-minute, 30-minute, hourly or block products according to their needs. The TSOs
provide available capacities for the intraday market according to the power flow results
from the day-ahead market. (Nord Pool 2020c¢)

2.2 Balancing in the Nordic electricity market

Market participants have a responsibility to balance their production and consumption
according to their plans (Fingrid 2020d). However, despite the balancing opportunities
obtained from the intraday market, the actual operation usually deviates from the initial
plan until the last moment before the actual delivery of electricity. Thus, it is normal to
have certain imbalances occurring in the system. Ultimately, it is the responsibility of
TSOs to balance the power system and keep the frequency within the defined limits. The
frequency is considered as the main measure of the system balance. The nominal value
of frequency in a balanced situation is 50 Hz. (NordREG 2010) In normal state the limit
for frequency fluctuations is between 49.9 and 50.1 Hz (ENTSO-E 2018a).

According to the national legislation in Finland, the TSO is responsible for the technical
operation and operational reliability of the power system in Finland (Electricity market
act 588/2013). In addition to the national legislation, a System Operation Agreement
(SOA) between the TSOs in the Nordic synchronous power system (including Finland,
Sweden, Norway, and East Denmark) has been established to agree the common opera-
tional principles and responsibilities. In SOA, it is stated, that each TSO in the joint Nor-
dic power system is responsible for taking care of adequate balancing measures to guar-
antee the operational security within the country’s control area. In order to balance the
fluctuations in their own subsystems, TSOs procure various types of reserves from sepa-
rate reserve markets. However, the Nordic TSOs (Energinet, Fingrid, Svenska kraftnit
and Statnett) have developed common balancing arrangements to establish coordinated
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use of the reserves across the Nordic power system. All the TSOs are mutually responsi-
ble for assuring adequate reserves for the balancing of the Nordic power system by
providing the minimum reserve volumes agreed between the TSOs. By operating and
utilizing the balancing resources of the subsystems jointly, the most advantageous oper-
ation and minimized costs can be reached, thus leading to a cost-efficient balancing. (EN-
TSO-E 2016)

In order to maintain the balance, TSOs sign balancing agreements with Balance Respon-
sible Parties (BRPs). Each connection point in the system, whether it is a connection point
for consumption or production unit or for an interconnector, must have one BRP. In ad-
dition, every market participant, such as electricity supplier or trader, needs to either act
as a BRP themselves or sign a contract with a BRP. Thus, every actor and every point in
the power system must have one BRP. The BRPs are responsible for balancing the use
and supply of electricity within their own portfolio. They plan their electricity production
and trades in the electricity market according to their estimated consumption, thus pursu-
ing to a balanced situation. The BRPs are financially responsible for maintaining the bal-
ance between the planned and actual production and consumption in their portfolio. (Nor-
dREG 2010)

The BRPs submit their production plans to the TSO. The preliminary plans for the next
day are usually submitted soon after the closure of the day-ahead market. However, as
the BRPs are financially responsible for having as accurate plans as possible, it is in their
interest to adjust their balance when changes occur. The final gate closure for sending
adjusted plans to the TSO is 45 minutes before the operational hour. Therefore, BRPs still
have the possibility to trade in the intraday market in order to adjust their balance and
change their plans provided to the TSOs. TSOs use the provided plans from BRPs to
make further plans for keeping the power system balanced and secured. (NordREG 2010)
The final responsibility to secure the system balance before and during the operational
hours rests with the TSOs. By having the submitted plans and all other knowledge, TSOs
have good overall information regarding the situation in the power system. The TSOs,
however, do not own any reserves for balancing in normal operation. Due to this, they
purchase balancing services from market parties, often called as balance service providers
(BSPs), through separate reserve markets. (ENTSO-E 2016)

The reserve products used for balancing can be categorized in various ways. They vary
among others according to their operational purposes and how fast they can be activated.
Units providing these different reserves can be power plants and consumption units which
either increase or decrease power according to the power system’s needs. Each reserve
product has different technical requirements that the reserve unit needs to fulfil in order
to operate in that specific reserve marketplace. The reserves used in Nordic countries can
be divided into three groups: (1) Frequency Containment Reserve (FCR), (2) Fast Fre-
quency Reserve (FFR) and (3) Frequency Restoration Reserve (FRR). (Fingrid 2020e)
Below is a brief description of the different reserves currently used in Finland and the
Nordic countries. It is noteworthy to understand that there are some differences regarding
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the technical requirements and ways of procuring the reserves in the Nordic countries.
The requirements and procurement explained below is described from the Finnish per-
spective, and some of the features may vary in other Nordic countries. However, the op-
erational purposes of the reserves are for the most part the same in all the countries.

1) Frequency Containment Reserve (FCR)

The main purpose of FCR is to have a constant control of the frequency in the Nordic
synchronous area. They are operated in order to balance the system within the normal
frequency band (49,9 — 50,1 Hz) and in case of disturbances. The FCRs used in the Nor-
dics are divided into two different types: Frequency Containment Reserve for Normal
operation (FCR-N) and for Disturbances (FCR-D) with the exception that FCR-N is not
used in western part of Denmark. FCR-N is an automatically controlled reserve, which
handles frequency variations within the normal frequency band. The required response
time for FCR-N is within a couple of minutes. FCR-Ns are procured through national
hourly markets with a capacity payment. FCR-D, on the other hand, is a reserve product
handling disturbances in the power system, i.e. when the frequency drops below 49,90
Hz. Like FCR-N, FCR-D is also automatically controlled based on frequency measure-
ment. It is required to activate in seconds. There is an hourly market for FCR-D with both
capacity and activation payment (based on the activated energy). The total capacities pro-
cured for FCR-N and FCR-D in Finland are 120 MW and 290 MW, respectively. In total
in Nordics the capacities are 600 MW and 1450 MW, respectively. (Fingrid 2020f)

2) Fast Frequency Reserve (FFR)

The FFR is used for handling disturbances in cases of low inertia in the power system. It
has been developed as a complement to the FCR-D to secure the frequency stability. FFR
is activated in seconds in order to immediately response to situations with large drop of
frequency. The frequency should not go under 49,0 Hz. The activation times of reserve
units vary between 0,7 and 1,3 seconds depending on the frequency change. (ENTSO-E
2019) The needed FFR capacity is procured through national markets based on inertia
forecasts. The procured volume for FFR in the Nordics is estimated to be 0-300 MW in
2020. (Fingrid 2020f)

3) Frequency Restoration Reserve (FRR)

As the name implies, the objective of FRR is to restore the system frequency back to the
nominal value (50 Hz) and release the activated FCR. FRR is used to bring the system
back to a balanced situation after frequency deviation. The FRRs used in Nordics are
divided into automatically (aFRR) and manually activated (mFRR) reserves. The aFRR
is continuously activated according to the need of TSO, and it is activated within five
minutes. It is used as a complement to the manually activated mFRR. Currently, aFRR
capacity is procured only for certain hours of days by each Nordic TSO based on agreed
dimensions of aFRR capacities in each country. (ENTSO-E 2016) The aFRR provider is
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compensated through capacity and activation payments. The procured aFRR volumes are
somewhat smaller than FCR volumes being 60-80 MW in Finland and 300-400 MW in
total in Nordics. The mFRR is mainly manually activated reserve, which is used for bal-
ancing and to handle congestion in the Nordic power system. It is activated according to
the need through separate balancing energy market. The volume for mFRR is procured
through balancing energy and balancing capacity market. (Fingrid 2020f) As the thesis
will focus on the participation of wind power in the Finnish balancing electricity market,
the features of mFRR and balancing market operation are described in more detail in the
subchapter 2.3.

In addition to the reserve products described above, as part of the balancing market oper-
ation, Fingrid guarantees sufficient upward mFRR regulation with separate reserve power
plants. These reserve power plants are power plants, which are either owned by Fingrid
or they have long-term leasing contracts with Fingrid. The reserve power plants are not
used in the electricity market. (Fingrid 2020f) Furthermore, there is a peak load capacity
act (117/2011) on peak load reserve to ensure the balance between electricity production
and consumption which defines the need for peak load reserves to deal with possible
extreme shortage of electricity and to secure the balance in the power system in Finland.

As stated in NordREG’s report of harmonising the balancing market, it is important that
the balancing mechanisms set by the TSOs are equitable and transparent for all market
participants. The terms and conditions for balancing services should be designed in an
efficient way resulting in a well-functioning market environment, where among others
the entry barriers for all market participants are minimized. (NordREG 2010) Currently
there is an ongoing development of the Nordic balancing process called Nordic Balancing
Model (NBM). The main drivers for the development are among others the integration of
increasing amounts of variable renewable electricity (VRE) generation into the Nordic
power system and European wide market integration. This development will lead to an
improved balancing market design while simultaneously maintaining the operational se-
curity in the Nordic power system. The NBM project consists of multiple subprojects
including among others the development of the design of balancing markets and moving
towards a 15-minute imbalance settlement period. Many of the upcoming changes will
affect mostly the operation of the TSOs. However, for instance the change in the time
resolution will also affect the market participants as the bidding in balancing markets will
be done in 15 minutes intervals in the future. In addition, the imbalance settlement pro-
cess, which will be described later in the text, is under development. This will also affect
market participants as the imbalance settlement model moves from a dual-price and dual-
balance system to a single-price and single-balance system. Thus, it changes the incen-
tives created for BRPs and their behaviour. (Svenska kraftnét et al. 2019) The imbalance
settlement and pricing of imbalance power are described in the subchapter 2.4.
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2.3 Manual Frequency Restoration Reserve and the balancing
market

The mFRR is currently the main balancing resource in the Nordic power system, and it is
expected to remain as such. It is mainly used for replacing the activated FCR and aFRR
and finally restoring the frequency after deviations. The market participants with control-
lable capacity can provide mFRR by submitting upward (i.e. increasing production or
decreasing consumption) and downward (i.e. decreasing production or increasing con-
sumption) regulating bids in the national balancing energy market operated by the na-
tional TSO. (ENTSO-E 2016) The submitted balancing bid needs to contain the following
information: power (MW), price (€/MWh), whether the unit is a production or consump-
tion unit, in which transmission area the unit is located, and the name of the balancing
resource. In Finland, the bids are allowed to be aggregated from different balancing re-
sources if the resources are located in the same regulation area (latitude 64 divides Finland
into two regulation area: North and South), and the resources have the same BRP. The
national balancing energy markets are further part of the common Nordic balancing mar-
ket, where all the offered balancing energy bids are gathered. (Fingrid 2019a) All the
balancing energy bids from the national balancing markets are submitted through a com-
mon Nordic platform called Nordic Operational Information System (NOIS). Based on
information from NOIS, the TSOs of Sweden and Norway (Svenska kraftnét and Statnett,
respectively) have the main responsibility of the balancing actions made in the whole
Nordic synchronous power system. Each national TSO activates the balancing energy
bids in their own national balancing energy markets according to the situation in their
own subsystems and the overall balancing situation in the Nordic power system. (EN-
TSO-E 2016)

The requirements for participation in the balancing market differ partially in the Nordic
countries. For instance, there are different requirements for real time measurement and
for submissions and modifications of bids in different Nordic countries. (NordREG 2010)
However, the main common requirement is that the activation time for mFRR is within
15 minutes and it must last up to one hour. The minimum order time is one minute. The
GCT for submitting the bids is 45 minutes before the operating hour, after which the bid
becomes binding. The offered balancing bids may consist of multiple aggregated balanc-
ing resources when fulfilling the specified requirements for aggregation of the balancing
unit. The minimum bid is 5 MW in case of electronical activation and 10 MW otherwise.
(Fingrid 2019a) However, currently there is an ongoing trial period in Finland, during
which the BSPs may leave one under 5 MW bid for each delivery hour. Thus, the mini-
mum bid size in Finland during this period is lowered to 1 MW. The pilot will last until
the end of the year 2020. It aims to lower the threshold of participation in the balancing
market and streamline the transition towards the European balancing markets. (Fingrid
2020g)

For each delivery hour a common merit order list of offered upward and downward reg-
ulation bids from each subsystem is compiled. For balancing and frequency maintenance
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purposes, the bids are activated in price order when needed, meaning that for upward
regulation the cheapest bid is activated first and for downward regulation the most expen-
sive bid is activated first. In general, in case of upward regulation, the BSP sells electricity
to Fingrid, while in case of downward regulation, the BSP buys electricity from Fingrid.
In case of equal prices, the bids will be activated depending on the transmission system
situation, the bid size and the location. However, in case of congestion in the transmission
system the bids may not be used in price order rather according to the transmission situ-
ation. In this case, the reason of activating balancing bids is not done for the normal bal-
ancing purposes but for congestion management. (Fingrid 2019a)

The balancing market prices are determined according to the balancing operations in the
Nordics. For each delivery hour prices for up and down regulation are determined. The
price for upward regulation is either the price of the most expensive activated upward
regulating bid or, in case of no upward regulation, at least the price of the day-ahead area
price of the respective bidding zone. In case of downward regulation, the price is set ac-
cording to the cheapest activated down-regulating bid or, in case of no downward regu-
lation, at most the price of the day-ahead area price. When the transmission capacity is
sufficient and the bids are activated in price order, i.e. there is no congestion occurring,
the prices for balancing energy are the same in each bidding zone. (Fingrid 2020h) How-
ever, when the cross-border transmission connections for instance between Finland and
other Nordic countries are in full use, the national balancing energy market diverge from
the Nordic balancing market, because no additional balancing energy can be imported
from the other countries. Thus, in this situation, the national TSO takes care of the bal-
ancing only in its own subsystem and the balancing energy prices are determined accord-
ing to the balancing adjustments made in that subsystem. The balancing market prices are
used as the basis for the imbalance settlement done after the delivery hour. (Partanen et
al. 2015)

The balancing market prices are published at the latest two hours after the delivery hour
(Fingrid 2020h). However, in case of Finland being decoupled into a separate balancing
area due to congestion in cross-border transmission connections, Fingrid has currently
agreed to publish real-time information about the balancing energy pricing. This way Fin-
grid aims to provide an enhanced participation environment for flexible consumption,
production and storage units close to real time. This practice is currently only used in
Finland and will continue until further notice. (Fingrid 2019b)

The balancing energy market is a market where the participants can offer bids according
to their own interest, and thus none of the participants are obligated to offer bids in that
market. Therefore, there is always a risk of lacking the balancing volume needed in case
of imbalances in the power system. TSOs secure this problem by having different capacity
arrangements for the mFRR. (NordREG 2010; ENTSO-E 2016) Fingrid maintains a sep-
arate national balancing capacity market, where it pays an additional capacity payment
for those market participants whose bid has been accepted in the market. These market
participants are required to submit agreed bids in the balancing energy market in exchange
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for a financial compensation. Currently, the balancing capacity market in Finland is used
only for securing the capacity for upward balancing. Fingrid procures the needed balanc-
ing capacity through a weekly competitive tendering. The maximum and minimum ca-
pacities for one capacity bid are 50 MW and 5 MW, respectively. (Fingrid 2019a) The
average hourly marginal price of the capacity in year 2019 was 1,3 €/ MW (Fingrid Open
data 2020). To commit the participants to provide the agreed capacity in the balancing
energy market, a sanction for unprovided or only partly provided capacity is used. The
sanction is calculated on an hourly basis according to equations determined in the terms
and conditions for providers of mFRR (Fingrid 2019a).

2.4 Pricing of imbalance power and imbalance settlement

Closely related to the balance responsibility and balancing market is the imbalance set-
tlement, which is performed after the delivery of the physical electricity. The task of im-
balance settlement is to determine the electricity deliveries between the market partici-
pants. It is the responsibility of the BRP to maintain the power balance in their own mar-
ket balance area (MBA). In the imbalance settlement, BRPs face a penalty if their actual
net energy exchange has deviated from the planned net energy exchange. They are penal-
ized with the price of imbalance power. Thus, it gives an incentive for BRPs to balance
their portfolio. The imbalance settlement aims to have an economic balance in the elec-
tricity market after the delivery hour of the physical electricity. It is a necessity to have
an imbalance settlement in order to settle the imbalances occurred in the system during
the operational hour. (eSett 2020a)

The imbalance settlement model in Finland consists of hierarchical levels and open de-
livery chains. Uppermost in the delivery chain is Fingrid and its balance service unit.
There is an open delivery chain between the balance service unit and the BRP. The parties
acting in the electricity market need to have a delivery chain through the BRP either by
being connected directly to the BRP or by being further included into an open delivery of
some party, which is then again included into the open delivery of the BRP. For instance,
an electricity retailer may have an agreement either directly with the BRP or with another
retailer, who further has an agreement with the BRP. The BRP is responsible for all the
parties under its open delivery chain. The relations between the parties are illustrated in
Figure 3. (Fingrid 20201) The imbalances are determined per BRP by a separate company
called eSett Oy. It is jointly owned company by the Nordic TSOs (Energinet, Fingrid,
Statnett and Svenska kraftnit), who is responsible for carrying out the imbalance settle-
ment in the Nordics. It provides imbalance settlement services for the market participants
and invoices BRPs for the imbalances and balancing services. eSett is also responsible
for monitoring the activities of the market participants. It monitors among others that the
imbalances of the market participants remain within acceptable limits. (eSett 2020a)
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Figure 3 Open delivery chains and the different relations between market parties in the imbalance settle-
ment in Finland. (Fingrid 20201)

Currently the Nordic imbalance settlement is based on model of two balances, where the
production and consumption balances are calculated separately for each BRP. The pro-
duction balance is based on metered production, planned production and production im-
balance adjustments (i.e. the sum of reserve power provided). The production imbalance
volume is calculated as the deviation between these values. The consumption imbalance
volume is the deviation between consumption, planned production, trades, metering grid
area (MGA) imbalances and consumption imbalance adjustments (i.e. the sum of reserve
power provided). The equations for the production and consumption balances are shown
in Figure 4. In case of production imbalance, deviation occurs when the production plan
and the actual production deviate from each other. If the BRP has produced less electricity
than planned, and thus the production volume is lower than the planned production vol-
ume, the production balance is in deficit. In this case, the BRP will buy imbalance power
from eSett in order to smooth out the deficit. Correspondingly, if the BRP has produced
more electricity than planned, the production balance is showing a surplus. Now the BRP
will sell the surplus electricity to eSett in order to balance the deviation. In case of the
consumption imbalance, deviation occurs among others in situations when the electricity
consumption and purchases differ. If the BRP has consumed more electricity than pur-
chased, the consumption balance is in deficit, and the BRP must buy imbalance power
from eSett in order to balance the situation. In a surplus situation (i.e. when the BRP has
consumed less than purchased, the consumption balance shows a surplus) the BRP will
sell imbalance power to eSett in order to balance the deviation. (eSett 2020a)
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Figure 4 The equations for production and consumption imbalance volumes. (eSett 2020a)

At present in the Nordics, different pricing mechanisms are used for pricing the imbalance
power of the production and consumption balances. For the production balance a two-
price model is applied, where the price of the imbalance power for up- and down-regula-
tion differs. Depending on the situation, the imbalance power is priced either according
to the day-ahead price or according to the price of the balancing energy market. In case
of up-regulation hour, a negative production balance (i.e. deficit in the production bal-
ance) will be priced according to the up-regulation price while a positive production bal-
ance (i.e. surplus in the production balance) will be priced according to the day-ahead
market price. However, in case of down-regulation hour, the negative production balance
will be priced according to the day-ahead market price, and the positive production bal-
ance will be priced according to the down-regulation price. For the consumption balance
a one-price model is applied. In case of up-regulation hour, both the negative and positive
consumption balances will be priced based on the up-regulation price. Similarly, during
a down-regulation hour, the negative and positive consumption balances will be priced
according to the down-regulation price. When a delivery hour without any balance ad-
justment in the system occurs, the prices of imbalance power, for both the production and
consumption balances, will be the day-ahead market price. Additionally, in case of both
up- and down-regulation made during the same hour, the dominating direction of the bal-
ancing in the system determines the balancing direction of that hour. (eSett 2020a) The
Figure 5 describes the different pricing methods. By reflecting the prices of the balancing
energy market in the prices of imbalance power, the costs of balancing the overall power
system will be transferred to the BRPs and further to the other market participants (van
derVeen & Hakvoort 2009).
































































































































































































