
Otso Salama Repo

Electricity Market Optimization and Value Gain for Power
Resources Through a Conceptualized Platform

Thesis submitted for examination for the degree of Master of
Science in Technology.

Helsinki, 20th of November 2020

Supervisor: John Millar, D.Sc. (Tech.)

Advisor: Pekka Saijonmaa, M.Sc. (Tech.)





Aalto-yliopisto, PL 11000, 00076 AALTO
www.aalto.fi

Diplomityön tiivistelmä

Tekijä Otso Repo

Työn nimi Sähkömarkkinaoptimointi ja lisäarvon luonti resursseille alustan avulla

Maisteriohjelma Sustainable Energy Systems and Markets Koodi ELEC3048

Työn valvoja John Millar, D.Sc. (Tech.)

Työn ohjaaja Pekka Saijonmaa, M.Sc. (Tech.)

Päivämäärä 20.11.2020 Sivumäärä 87 Kieli englanti

Tiivistelmä
Eurooppalaisten sähkömarkkinoiden yhdentyminen sekä siirtyminen perinteisestä läm-
pövoimatuotannosta epäsäännölliseen uusiutuvaan energiantuotantoon luo kasvavia
haasteita sähköjärjestelmän tasapainon hallintaan. Kasvavan säätävän kapasiteetin tarve
toimii kannustimena Suomen Voiman osallistumiselle Fingridin reservimarkkinoille
omistajiensa potentiaalisilla reserviresursseilla. Tämä diplomityö tutkii kyseisten yksit-
täisten tai aggrekoitujen reserviresurssien kannattavuutta markkina-allokaatioalustan
avulla. Alusta pyrkii maksimoimaan tuoton käytettävissä olevan kapasiteetin rajoissa al-
lokoimalla kapasiteettia markkinoille optimoidusti.

Omistajien resurssien yhteenlaskettu kapasiteettimäärä on lähtötilanteessa noin 30 MW.
Kyseiseen reserviportfolioon kuuluu 15 voimalaitosta ja 3 kulutuskohdetta. Monet resurs-
seista ovat vähäisessä käytössä eivätkä yksinään kykene osallistumaan reservimarkki-
noille liian pienen kapasiteettimääränsä tai teknisten rajoitteidensa takia. Diplomityössä
selvitettyjen alustavien tulosten perusteella monet resursseista pystyisivät kuitenkin ag-
grekoituna osallistumaan usealle markkinalle, jolloin niiden kannattavuus kasvaisi ja
toisi yksittäisille resursseille merkittävää lisäarvoa.

Resurssien kannattavuuden analysoimiseksi Fingridin reservimarkkinoilla kehitettiin ta-
lousmalli, jonka avulla mallinnettiin resurssien kannattavuutta ja tarkasteltiin muita
avainlukuja perustuen retrospektiiviseen analyysiin Fingridin avoimen tietokannan his-
toriallisen datan avulla. Mallin avulla kyettiin tarkastelemaan resurssien allokaatiota yk-
sittäisille markkinoille sekä markkinaoptimointia. Mallin avulla pystyttiin myös suoritta-
maan herkkyystarkastelua muuttamalla mallin syöteparametreja.

Diplomityössä tutkimuskysymystä tarkasteltiin mallintamalla ideaalinen 1,0 MW voima-
laitos, joka kykenee osallistumaan kaikille reservimarkkinoille sekä peilaamalla saatuja
tuloksia ylätasolla Suomen Voiman osakaskunnassa käytettävissä oleviin resursseihin.
Mallinnusten tulosten perusteella pystyttiin toteamaan, että sekä allokaatio yksittäisille
markkinoille että markkinaoptimointi voisi olla kannattavaa. Jokainen mallinnusskenaa-
rio todensi, että optimoivan alustan kannattavuus on 2–3 kertaa suurempi kuin mark-
kina-allokaatio pelkästään yksittäisille markkinoille. Siten voitiin todeta, että alustan ja
aggrekaatioiden mahdollistavan järjestelmän toteuttaminen voisi olla taloudellisesti pe-
rusteltua.

Avainsanat Sähkömarkkinat, reservimarkkinat, Fingrid, FFR, FCR-D, FCR-N, aFRR,
mFRR, alusta, optimointi, aggrekaatio
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Abstract
The continuously more interconnected European power system’s transition from conven-
tional thermal power generation to more renewable and intermittent power generation
introduces challenges for maintaining the balance of the power system. The demand for
more flexible capacity functions as an incentive for Suomen Voima Oy to participate in
Fingrid’s reserve markets with its owners’ potential reserve resources. This thesis inves-
tigates the profitability of allocating these resources either alone or as aggregated, to the
reserve markets with a multimarket optimizing platform. The platform strives to allocate
the resources to the most valuable markets at any given hour.

The owners’ combined resources form a preliminary 30 MW power fleet, a reserve port-
folio, that is composed of 15 power plants and 3 demand sites. Many of the resources have
currently little to no utilization rate and are not capable of participating in most of the
reserve markets, due to capacity size and technical limitations. According to the thesis
findings based on preliminary information of the resources, by aggregation it is possible
to access more markets, increase market profitability and therefore increase the re-
sources’ value.

In order to predict the feasibility of participating in the reserve markets, a financial model
was developed to examine the resources’ profitability and other key figures in a retrospec-
tive manner based on Fingrid’s open database’s historical data. The model can execute
single market allocation and function also as a prototype of the platform by performing
market optimization. Modelling sensitivities are also possible to analyze by changing
model input parameters.

Based on the modelling results of an ideal 1,0 MW power plant that is capable of partici-
pating in all of the markets and reflecting the results on the reserve portfolio of Suomen
Voima, the thesis finds that both single market allocation and market optimization could
be profitable. In each modelled scenario the profitability of the platform turned out to be
2–3 times higher compared to single market allocation, which proves that the benefits of
pursuing the optimizing platform and the components enabling aggregation could be eco-
nomically justified.

Keywords electricity markets, reserve markets, Fingrid, FFR, FCR-D, FCR-N, aFRR,
mFRR, platform, optimization, aggregation
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1 Introduction

The inevitable transition from traditional thermal generation towards a more renewable and
intermittent energy source powered power system introduces a costly risk of increased prob-
ability of mismatch between supply and demand. An increased demand of flexible power
resources will become more apparent in order to secure safe operation of the power grid with
cost-efficient means. This introduces a likely beneficial opportunity for Suomen Voima Oy’s
owners to participate in the Finnish TSO (Transmission System Operator) Fingrid’s reserve
markets.

This thesis explores the option of allocating Suomen Voima’s owners’ potential reserve re-
sources to the reserve markets through a conceptualized multimarket optimizing platform.
The platform aims to allocate Suomen Voima’s owners’ resources either as alone or aggre-
gated to the most valuable markets at any given hour. Thus, the platform aims to optimize
market allocation to the most valuable markets and therefore maximize profits gained from
the different markets. Participating in the reserve markets through the platform enables new
revenue streams for the owners and their resources, therefore increasing their value.

This thesis functions as a preliminary research project for a possible business case for Su-
omen Voima and its owners. Therefore, the content cannot be presented fully as some of the
research findings and results are confidential. The aim of the research project is to analyze
how many and what type of resources the owners have that could fulfill the requirements of
the reserve markets. Of these resources, a reserve portfolio can be formed. With a built fi-
nancial model that functions as a prototype of the platform an estimation of the possible
profitability of attending the markets can be established. With the findings, a conclusion can
be made if it would be profitable to participate in the reserve markets with the gathered
reserve portfolio.

Both the Mankala company Suomen Voima and its owners will be presented. The thesis
dives into the electricity markets in Finland, especially focusing on the reserve markets. The
purpose of each reserve product and their market mechanisms will be introduced. Funda-
mental factors affecting the power market pricing and possible future energy sector scenarios
and changes will be discussed. Historical market data of the reserve markets will be analyzed
and used in a financial model to estimate profitability in a retrospective manner. The profit-
ability will be calculated for an example power plant resource which is allocated either sep-
arately to each market (single market allocation) or to multiple markets through the optimiz-
ing platform. Finally, the platform and the necessary components for making the market
optimization a possibility will be conceptualized.
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2 Suomen Voima Oy and the Identified Opportunities

Suomen Voima Oy is a Mankala company that is owned by 16 municipally owned energy
companies. Through Suomen Voima, the owners can share ownership of different power
assets and therefore share risks with the other owners. Participating in new and ongoing
energy projects is eased as smaller investment sums are possible and therefore the owners
get an opportunity to diversify their energy portfolio which is an essential part of a com-
pany’s risk management.

Chapter 2 introduces Suomen Voima, its owners and the Mankala principle. The identified
opportunities which have led to commencing the research project, i.e. this thesis, will be
introduced. The aim of this project and the content of this thesis will be introduced and clar-
ified. Finally, the thesis research questions will be declared.

2.1 Suomen Voima Oy

2.1.1 Mankala Company Explained
Suomen Voima Oy (from here on referred to as Suomen Voima or SV) is a limited private
company (Finnish Power Ltd.) and its purpose is to procure electricity for its owner compa-
nies (Figure 2.1). The electricity is acquired through owning shares of a variety of different
power production assets or companies. Through the owned portion of the power asset or
company, Suomen Voima holds the right for the same portion of the total amount of elec-
tricity they produce. Analogously, Suomen Voima pays the same portion of the total amount
of expenses that arises from running and owning the power asset or company. These ex-
penses can include debt repayments, operational expenditures (OPEX) and construction or
refurbishment costs.

Figure 2.1. Suomen Voima procures electricity for its owners.

For the electricity the owners of Suomen Voima pay a so called Mankala Price (EUR/MWh),
i.e. a production cost for the procured electricity. A Mankala company sells electricity to its
owners according to their portion of ownership of power asset or company shares, at a cost
price (Mankala price). Therefore, a Mankala company generally does not declare any profits
or losses in the annual financial statement.

Mankala companies function as a network for uniting knowledge and resources for its own-
ers. They curtail the limitations of participating in new and ongoing energy projects, which
improves the owners’ energy self-sufficiency and brings desired competition into the energy
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markets. It is by far one of the most important cornerstones of the Finnish energy industry,
as it provides an opportunity for even small companies to participate in often expensive en-
ergy project investments. From a consumer’s perspective, the healthy competition is realized
as lower power prices.

By investing together, the companies are able to combine their financial resources and
knowledge, which promotes healthy collaboration and benefits the market as it puts re-
sistance on the growth of already big competitors, thus halting the formation of monopolies
and keeping the vital competition alive. Uniting financial resources is also an important as-
pect of a company’s risk management, as participating with smaller investment sums is made
possible. Financial aggregation also helps in getting better loan deals from banks, as the risks
are seen to be lower.

One of the most essential upsides of being a shareholder in a Mankala company is the finan-
cial possibility to diversify one’s energy portfolio, as the price per capacity (EUR/MW) in
capital expenditures (CAPEX) can vary heavily depending on the production technology.
Portfolio diversification is an essential part of an energy company’s risk management as
different production technologies may have different energy production profiles and might
be subjected to political risks which might cause unexpected costs. Therefore, a diversified
power portfolio can be considered as a hedging strategy.

2.1.2 Suomen Voima Oy
Suomen Voima has 16 owner energy companies (Figure 2.2) that are owned by different
municipalities around Southern Finland. Through Suomen Voima, these owners can invest
together into ongoing and new energy projects. The Mankala company has a current opera-
tional portfolio of 93 MW spread around in the Nordic region and multiple projects under
construction and in development (Figure 2.3).

Figure 2.2. Owners of Suomen Voima Oy.

By inspecting the list of operational assets in Figure 2.3, Suomen Voima has a variety of
different production technologies. The projects under construction or in the development
stage are to a great extent renewable and emission-free, thus they are in line with Finland’s
and EU’s energy and climate targets. Many of the assets are owned through other companies,
such as PVO (Pohjolan Voima Oy), Puhuri Oy and SV Vesivoima Oy. In fact, SV Vesivoima
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Oy is a subsidiary of Suomen Voima and owns both operational and under construction hy-
dropower projects in Norway.

Figure 2.3. Suomen Voima’s operational energy portfolio as of 1.9.2020. The capacities
represent Suomen Voima’s owned portions of the listed assets.

The ownership percentage of an asset or company depends on the desire of Suomen Voima’s
owners. The main upside of being one of the main owners of an asset or company are the
voting rights in board meetings, i.e. having a strong say in how the asset should be managed
in order to steer it towards an economical Mankala price. The owners can decide by them-
selves what possible investments they want to participate in. It is Suomen Voima’s duty to
discover these investment opportunities and through different due diligences (DD) create a
solid overview and financial analysis of the investment opportunities. An owner’s decision
to financially participate in investments is a mixture of risk management, anticipating the
future energy sector development and maintaining their companies profitable and competi-
tive.

Foreseeing the future energy sector development is not an easy task. Both the inevitable
transformation of moving towards more renewable intermittent power production and the
annual reduction in conventional and typically rather flexible thermal capacity is posed to
introduce an increasing need for flexible power production and consumption. They will be
needed for keeping balance between production and consumption in order to keep the fre-
quency of the electrical grid in the normal, secure range between 49,9 and 50,1 Hz (Fingrid
Oyj 2020a). This thesis will focus on introducing an opportunity for Suomen Voima’s own-
ers to participate particularly in this field.

2.2 The Identified Opportunities and the Thesis Plan

2.2.1 The Identified Opportunities
This thesis explores Suomen Voima’s capability of participating in the Finnish reserve mar-
kets, which are in Finland administered by the Finnish TSO, Fingrid Oyj. Suomen Voima’s
owners have indicated that they have power plants and consumption sites which could pos-
sibly be utilized on the reserve markets. The owners’ reasons for acquiring these resources
have been different, and many of the units are currently underutilized because, for instance,
it is not profitable to offer them to the Nord Pool day-ahead market (Section 3.1). By offering
them to the different reserve markets, which will be introduced thoroughly in Sections 3.3
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and 4.1, it could be possible to increase these possible reserve resources’ value and allocate
them to important use.

The different reserve markets have different technical requirements and minimum capacities
that must be fulfilled in order to be able to participate. If one resource is not capable of
fulfilling the requirements, it is possible that the requirements could be fulfilled by combin-
ing the resource with other resources, i.e. by aggregation it could be possible to participate
in a market where the resource could not have participated in solely. In this sense, it is a
clear advantage that Suomen Voima has many owners, increasing the probability that the
quantity of reserve resources will be higher and therefore increasing the possibility of dif-
ferent aggregation combinations, enabling market entrance for the resources.

A portfolio can be assembled from these decentralized power production units and consump-
tion sites. The resources in the portfolio can be offered to the hourly reserve markets either
solely or aggregated when there is no other need for them. For instance, a consumption site
could in fact need full power consumption during a certain hour and would therefore not be
available for adjusting the consumption according to the balancing needs ordered in the re-
serve markets. Similarly, a production unit could be occupied by providing back-up power
for critical apparatuses in case of a power outage because of a malfunction in the local power
grid.

Five different reserve products (Figure 2.4) with different functions for securing the grid
frequency in case of mismatch between supply and demand are traded on each products’
reserve markets (Fingrid Oyj 2020a). For the allocated resource, the revenue streams for
participating in these markets derive from either an hourly capacity compensation price or
balancing energy price or in some markets both. The pricing follows mainly the marginal
pricing principle, i.e. the final and most expensive procured or activated resource sets the
market price for the hour in question.

Figure 2.4. Fingrid’s reserve products.

The fact that the different markets generally have different prices during the hour in question,
opens up a gambling position for the holder of the portfolio. By predicting the market prices,
the portfolio could be offered to the markets in an optimized fashion with the goal of seeking
maximum profitability. This thesis argues that by using market optimization together with
aggregation it is possible for the reserve resources of Suomen Voima’s owners to gain value.
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In order to perform the market optimization for the portfolio, a sophisticated platform would
be needed, i.e. a software equipped with crystal ball mimicking algorithms used for predict-
ing the market prices. The platform would need to predict the market prices, optimize the
portfolio by offering either individual or aggregated resources to the markets and enable
information flow between the platform, the market, the resources and their owners.

The rise of ICT companies providing digital solutions for the energy industry makes the
implementation of the platform plausible and price competitive. On the other hand, the dig-
italization of the energy industry also opens doors to new rivals, such as big tech companies
that are seeking to expand their business activities to the energy sector. This is competition
that traditional energy companies, such as SV’s owners, must respond to in order not to fall
off the competition in the rapidly developing and changing markets. However, energy com-
panies have still got the cutting edge: they already have a large customer base, strong
knowledge of the energy business sector and broad networks to different stakeholders.

Other drivers for the new rivals expanding to the energy sector is the increasing penetration
of renewable power production and flexible demand response solutions such as offering
flexibility of data centers. Also, the integration of the power markets in Europe predicts pos-
sibly tempting power price scenarios for the near-future, both in the day-ahead and intraday
markets.

Suomen Voima would function as an aggregator and BSP (Balancing Service Provider) for
the power plants and consumption sites of its owners. The reserve resources would be offered
to the reserve markets in an optimized fashion, operated by the platform. On the markets,
the resources would be available for Fingrid’s important balancing services, providing es-
sential security for grid operation and increasing the value of the resources.

2.2.2 Thesis Plan and the Research Questions
The plan of this thesis is to clarify and analyze both Fingrid’s reserve and Nord Pool’s day-
ahead and intraday markets, the functionalities of the reserve products for securing the power
system’s safe operation, and finally, analyze if allocating Suomen Voima’s owners’ assets
to the aforementioned markets through a platform could be profitable.

A literature survey on the reserve products and their markets including Nord Pool’s markets
will be carried out. The focus will be on the reserve markets. In addition, a literature survey
will be sufficient for giving insights on the predicted transitions of the energy sector in the
near-future and its impacts on the markets will be briefly speculated.

Surveys concerning Suomen Voima’s owners’ resources which could fit the reserve markets
will be delegated to the owners as fillable forms. By this way, it is possible to obtain a rough
estimate of the total amount of units and capacity the owners possess. This includes power
plants, consumption sites and energy storages.

As the plan is to offer the resources of the reserve portfolio to the different markets through
the platform, it is necessary to model the profits that could have possibly been obtained
before making a final investment decision in the platform and the components required for
allowing aggregation between the resources. Therefore, a prototype, i.e. a financial model
will be built by using Microsoft Excel to estimate possible profits that could have been made
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in a retrospective manner based on historical reserve market hourly data obtained from Fin-
grid’s open data platform (Fingrid Oyj 2020b). The historical data timeline for the analysis
was chosen to be Q1/2018–Q2/2020.

Different modelling scenarios will be analyzed. As this is a potential and valid business plan
of Suomen Voima, modelling results based on the true reserve portfolio will not be shown
in this thesis due to requests of Suomen Voima’s owners. By observing the modelling results,
a conclusion will be made if it would be profitable to offer the resources of the portfolio to
the reserve markets and if it would be beneficial to utilize the platform.

When it comes to the platform itself, the required functionalities of the platform and the
components associated with it will be discussed and conceptualized. Also, the possible risks
associated with the platform, the prototype and overall operation in the reserve markets will
be debated.

Finally, conclusions of this thesis and general discussion on the next steps of implementing
this project into reality will be discussed in the final chapter. All in all, this thesis aims to
answer the following research questions.

1. What is the estimated capacity of Suomen Voima’s owners’ possible reserve re-
sources that would make up the reserve portfolio?

2. Could it be profitable to offer the reserve portfolio of Suomen Voima to the reserve
markets by utilizing the optimizing platform and aggregation?

3. What kind of framework for the platform and its components would be suitable for
enabling the reserve market optimization?
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3 Fundamentals of Electricity Markets in Finland

Electricity is a unique commodity that has throughout the past centuries become much of a
necessity for human civilizations. It exhibits two main characteristics that makes it excep-
tional compared to many other commodities and at the same time raises both theoretical and
practical problems. First, it cannot be as conveniently and cost-efficiently stored as other
commodities due to current insufficient and costly storage technology. This is a significant
factor, as electricity consumption is a continuous phenomenon, supply must all the time,
more or less, be equal to demand. Secondly, its distribution must obey specific laws. Grid
transfer capacity limits apply constraints to the transfer of electricity, which induces the need
for TSO regulation in order not to violate transfer capacity limits and maintain constant equi-
librium between supply and demand.

Violating transfer capacity limits can cause grid congestion (bottlenecks) and disequilibrium
between supply and demand causes loss of stable grid frequency. This can lead to severe
blackouts and expensive grid damage. Thus, careful collaboration between the electricity
markets and TSOs is required for a precisely coordinated real-time assessment and manage-
ment of the power system. As the electricity markets in the Nordic region are liberalized, the
need for constant balancing of supply and demand has led to the formation of different mar-
ket microstructures.

The whole market structure can be divided into three different gross markets (Figure 3.1),
which are managed by different market operators and function within different time scales
(Aïd 2015). Sections 3.1 and 3.2 will cover the day-ahead and intraday Nord Pool auction
markets where international market players can buy or sell electricity in one-hour blocks for
the next day or half-hour blocks within the same day. Section 3.3 will focus on the reserve
markets maintained by Fingrid, which are meant for fine-tuning balance between power sup-
ply and consumption. The reserve markets will act as the main stage for the reserve portfolio
of Suomen Voima.  The financial markets intended for typically long time period electricity
market price hedging will be for the most part omitted in this thesis, as they are irrelevant to
the thesis topic.

Figure 3.1. The three main gross electricity markets for power trading.
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3.1 Nord Pool, the Day-ahead Market and Power Pricing Funda-
mentals

Both the Elspot day-ahead and Elbas intraday power exchanges are run by the power trading
operator Nord Pool AS, which is owned by the Nordic TSOs (Statnett SF, Svenska Kraftnät,
Fingrid and Energinet.dk), Litgrid (Lithuanian TSO) and the pan-European exchange Eu-
ronext (66 % ownership). Nord Pool offers a liquid trading platform for power suppliers and
consumers currently in 9 market integrated countries including the Nordic region and Baltic
region. (Nord Pool 2020a.) In 2019, a total volume of 494 TWh power was exchanged on
Nord Pool. 381 TWh accounted for electricity day-ahead purchases and sales in the Nordic
and Baltic regions. (Nord Pool 2019.)

97 % of the power exchanges on Nord Pool were day-ahead trades in 2019. The day-ahead
market is also known as the electricity wholesale market or spot market (also referred to as
Elspot) (Cludius et al. 2014). This market involves 360 companies from 20 countries (Nord
Pool 2020a) that either sell or buy power for a transparent hourly market price set by the law
of supply and demand. These companies can be e.g. large industrial companies that either
consume or produce large quantities of power, or traditional power selling and purchasing
companies. By participating in the day-ahead trading, the participants do not need to find a
counterparty to either sell energy to or purchase energy from. Instead, the participants submit
their bids for the next day’s consumption or production before 12:00 CET whereafter Nord
Pool performs a clearing process for each hour and an hourly market price is determined
separately for the next day’s 24 power delivery hours (Nord Pool 2020b).

The anonymized bids are aggregated into two curves for each delivery hour. An ascending
supply curve represents all the power supply offers ordered from the lowest to the highest
price. The second curve is a descending demand curve which consists of all the power pur-
chase orders, ordered from the highest price to the lowest. The hourly market price is the
price of power (EUR/MWh), where demand equals supply, i.e. the intersection of these
curves (Figure 3.2).

Figure 3.2. Supply and demand in the day-ahead market representing one hour. The origi-
nal image (Cludius et al. 2014) has been edited by removing the current demand and apply-

ing both the fitted supply and demand curves.
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The supply and demand curves in the day-ahead market are visualized in Figure 3.2. The
horizontal axis represents the capacity and the vertical axis represents the marginal cost, i.e.
the operational or variable cost of the power plant. From the same figure, we can see that the
demand curve is very steep and close to being completely vertical which means that power
demand is very inelastic, i.e. a change in offered power price does not have a significant
effect on demand, thus demand is hardly at all responsive to power price changes, making
consumers, to a great extent, price-takers on the electricity markets. The elasticity of demand
is however expected to grow in the long term as consumers can shift their power demands
to predicted later and cheaper hours (PowerWorld Corporation 2014).

The supply curve is derived by ordering the supplier bids into ascending order. This specific
curve is also called merit order, as the power sellers tend to offer their production according
to the marginal cost of the production technology (Welsch et al. 2017). As can be seen in
Figure 3.2, renewable power production is offered close to a zero price as the production is
driven by costless natural forces, such as wind and hydropower with close to zero marginal
cost. Nuclear power is also offered to the markets for a close to zero or even a negative price,
since the producers are willing to pay for power customers to consume their produced elec-
tricity instead of having to ramp down the production as ramping can traditionally be seen
as expensive to the system or even physically impossible due to lack of flexibility in some
nuclear power plants (Jenkins et al. 2018). The ramping expenses could exceed the price of
paying the consumers, therefore making the latter choice the more viable option.

As the production technologies turn more into fossil fuel based while moving to the right on
the graph in Figure 3.2, the marginal costs clearly increase. Significant factors to this phe-
nomenon are fuel and carbon emission prices (Pöyry 2018). The tradeable CO2 European
Emission Allowances have under the past 7 years experienced significant price increase
(Figure 3.3) as the EU emission trading system (EU ETS) works on the ‘cap and trade’ prin-
ciple. The trading system is one of the corner stones of the EU’s policy to combat climate
change in a cost-effective manner.

A cap is set on the total quantity of permitted GHGs that can be emitted by industries with
large emissions inside the system. Within the cap, these industries can trade the allowances
with each other in order to cover all their emissions. The cap is reduced over time according
to an agreed timeline so that the overall total emissions fall. (European Commission 2018.)
Therefore, the obligation to acquire these allowances work as significant cost-drivers for
fossil fuel based thermal power plants, and the allowances are reflected in the offered power
prices.
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Figure 3.3. The price chart for CO2 EU emission allowances (EUR/ton) (Business Insider
2020).

The market clearing price, spot price, is the intersection of the demand and merit order
curves, thus the day-ahead spot price is a function of supply and demand (Welsch et al.
2017). Trading electricity at this equilibrium point makes the market pareto efficient, i.e.
benefit of consumers can only be increased only by reducing benefit of the producer or vice
versa (PowerWorld Corporation 2014).

The highest offered marginal cost that fulfills the total demand capacity for a specific hour
sets the market price. Increasing renewable energy market penetration shifts the costlier pro-
duction technologies more to the right in Figure 3.2. Thus, the intersection, where the market
price is set, occurs at a lower marginal price level and therefore the spot price is reduced.
This reduction in price is known as the merit order effect (Welsch et al. 2017).

The effect can also take place the other way around. While conventional power capacity,
such as nuclear and fossil fuel-based baseload production, is being curtailed around the globe
and intermittent renewable power capacity is increasing, a costly gap in the merit order gets
introduced due to the intermittent behavior of renewable energy capacity. Therefore, vola-
tility in the spot prices are expected in the future. In the Nordics, windy days with large
hydro production drive the prices down but high prices are introduced if there is lack of
natural forces and costly thermal plants must be ramped-up.

An hourly spot price is determined for the next day’s 24 delivery hours starting from mid-
night soon after the 12:00 CET deadline for power traders to submit orders and offers has
passed. Thus, the traders have enough time to set and send their power delivery schedules to
the TSOs (Aïd 2015). Each delivery hour has its own market clearing, where the aggregated
demand and supply curves intersect to form both a system price and area price depending on
the bidding area (Nord Pool 2020b). As electricity is transferred through a structured trans-
mission network with capacity limits, there is a need for different bidding areas to tackle
grid congestion (Figure 3.4). The bidding areas are ultimately decided by the TSOs and a
nation can have either one (e.g. Finland) or multiple bidding areas (e.g. Denmark, Norway
and Sweden) (THEMA 2013).
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Figure 3.4. The different Nord Pool bidding areas in Europe (Nord Pool 2020c).

Nord Pool functions through an implicit auction mechanism between its member countries.
The members do not have to have to take into consideration the inevitable transport con-
straints when submitting their bids. The bids are assigned to the bidding areas where their
installations are located in. The market operator performs a clearing which takes into account
the possibilities of power exchange between the areas. This method is also known as market
coupling. (Aïd 2015.) It implies that the different bidding areas are connected through vary-
ing number of interconnectors (Figure 3.5), thus allowing electricity to flow between the
different areas. The areas can have a balance, deficit or surplus of electricity in reference to
other areas. Electricity will flow from the areas where price offered is lower towards areas
where price is higher as it is more price efficient for the whole system. (Nord Pool 2020b.)

Figure 3.5. Market coupling through interconnectors in Northern Europe (Nord Pool
2020c). The numerical values represent MWs of available power transmission.
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The system price is calculated based simply on all the sale and purchase orders without tak-
ing any transmission constraints into consideration, thus it is the unconstrained electricity
price for the whole trading region. The system price in Nord Pool is in fact referred to as the
Nordic System Price (NPS), i.e. it takes into consideration only the bids in Denmark, Fin-
land, Norway and Sweden. (Nord Pool 2020b.)

The NPS is the common reference price in the liquid Nordic market for forward contracts
which are used by consumers and power producers to manage future electricity price risks
(hedging) associated with power price volatility. However, due to the likely scenario that
area prices will differ from the NPS, the forward contracts provide incomplete hedging and
Contracts for Differences (CfDs) are essential for providing hedging against area prices.
(THEMA 2013.) For instance, it is possible to hedge against the area prices by exchanging
EPADs (Electricity Price Area Differentials) (Nasdaq 2020).

Bidding areas ensure a cost-efficient management mechanism for handling grid congestions.
The benefit of the bidding areas and the possible different pricing is that the congestions are
handled directly in the market. Without the bidding areas, the TSO would have to handle the
congestions outside the market by countertrading. When there is congestion in the transmis-
sion capacity between bidding areas, area prices are adjusted in order to balance the power
system and relieve congestion. (THEMA 2013.) Typical reasons for the price differences
between two bidding areas are differences in generation technology and differences related
to the demand side volumes.

From a market perspective, there are no congestions within a bidding area and thus there is
only one price inside an area. However, physical bottlenecks do occur within areas and they
are handled by the local TSO by using countertrading. Countertrading indicates that the TSO
pays for generation to increase or demand to decrease in a deficit zone and vice versa in
surplus zone inside the bidding area (Fingrid Oyj 2020c). Hence, the market price within the
area is not altered and the expenses are covered by the TSO. To conclude, areal pricing
ensures cost efficient congestion management and it provides investment incentives to con-
verge the area prices in the long run. (THEMA 2013.)

Figure 3.6. Average day-ahead prices in the Nordic region 2012-2019 (Nord Pool 2020d).
Finland has on average the highest spot prices.
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Figure 3.6 visualizes the annual average spot prices since 2012 in the Nordic region. Multiple
factors have an influence on the daily spot price. The high integration of cross-border trans-
mission can be noticed by the strong correlation between prices of the countries. Fundamen-
tally, the spot price is dependent on demand volume and the pricing of supply. Demand
follows a very seasonal pattern both on the daily and yearly timeframe. During the night,
demand falls as there is less power consumption and rises as people begin their power con-
suming morning routines. Depending on the magnitude of electrical heating, power demand
tends to rise when outdoor temperatures falls which accounts for the seasonal pattern.

On the supply side, power prices in the Nordic power market are much determined by the
amount of precipitation as it is dominated by hydro power, with significant reservoir capac-
ity. Hydro power accounts for 55 % of the Nordic power capacity (2018). (Pöyry 2018.)
Thus, the annual generation levels of this capacity are heavily dependent on the weather.
During dry and cold years there is less hydro generation and more during wet and mild years.
For example, low precipitation in 2017 and therefore low hydro storage volumes was one of
the reasons behind the high prices in 2018.

As around 85 % of the Nordic annual generation comes from hydro, nuclear and wind power,
there is a high chance of very low spot prices during wet and mild years and vice versa during
cold and dry years. The reason for this is simply that, as mentioned before, they are mainly
offered to the markets at a zero (or near zero) price. However, with more than 120 TWh of
hydro storage capacity, the hydro producers can shift supply in a speculative and opportun-
istic manner to more expensive periods or markets and receive higher profits than producing
during cheap power price hours and receive less profits. This shift is only possible if the
storages are not full. (Pöyry 2018.)

Therefore, the price in the Nordic power market is ultimately set by other energy sources as
they are the last supply to fulfill the merit order and demand need. Typically, the last one to
set the price tends to be continental fuel and carbon allowance price influenced thermal
power markets, such as Germany. Therefore, the increasing interconnection capacity from
the Nordics to the continent, i.e. the harmonization of European electricity markets may have
huge influence on the near-future power prices in the Nordics. (Pöyry 2018.)

3.2 The Elbas Intraday Market
The day-ahead bids are based on supply and demand forecasts estimated by the different
market players on Nord Pool. As one can assume, the true outcome rarely equals the predic-
tions. Thus, there is a need for a secondary marketplace that can be utilized to correct these
prediction errors that might occur 12-36 hours (CET) after the Elspot bids have been sub-
mitted. For Nord Pool this supplementing intraday marketplace is Elbas (Nord Pool 2019).
On Elbas, market players can post correcting bids for closing in the balance between supply
and demand up to 30 minutes (or even 0 minutes) before the actual physical delivery hour
(Fingrid Oyj 2020d).

The Elbas intraday trading is a continuous marketplace which allows market participants to
exchange generation and consumption between the closure of day-ahead market and the de-
livery hour (Aïd 2015). Its main function for the participants is to reduce their imbalance
costs related to their production or consumption forecast errors (Scharff and Amelin 2015).
Thus, trading on Elbas and reducing imbalance volumes is a way to hedge against uncertain
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imbalance prices (Scharff and Amelin 2015). Final imbalance volumes are traded on the
Nordic balancing energy market (mFRR), where either up or down regulation bids must be
submitted 45 minutes prior to the delivery hour (Fingrid 2020e). Thus, Elbas works as a
complement for the mFRR market.

Figure 3.7 summarizes power trading by using a wind power producer as an example.

Figure 3.7. An example case of power trading for a wind power producer.

There are several reasons for why prediction errors on the supply side can arise. For a con-
ventional thermal power plant, a sudden malfunction can reduce or even seize its production
completely. Thus, there is an incentive to buy complementing power supply from Elbas or
risk massive imbalance volumes on the balancing energy markets. For fuel-based power
plants there is seldom a risk for overproduction. On the other hand, for renewable energy
assets the prediction error can go both ways. The weather can be less windy than predicted,
leading to an incentive to buy supplementing production from the market. A windier day
than predicted on the other hand can be managed by different practices: the excess produc-
tion can be offered on Elbas, which is however rare, or the production can be curtailed to
minimize possible imbalance costs or risk high imbalance volumes by leaving production as
is (Figure 3.7).

Interest in intraday trading is becoming more relevant each year through the increasing pen-
etration of intermittent renewable power production (Nord Pool 2020e). It is challenging to
predict and introduces a high spread in the true production outcome inducing an incentive to
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trade power closer to the delivery hour. The Nord Pool Elbas trading is available in 15 mar-
kets which get access to a liquid trading pool that encompasses the Nordic, Baltic, German,
Luxembourgish, French, Dutch, Belgian, Polish and Austrian markets (Nord Pool 2020f).
The Elbas market experienced a 90 % growth in trading volume between 2018 (8,3 TWh)
and 2019 (15,8 TWh) (Nord Pool 2019, Nord Pool 2020a).

Market participants can minimize their imbalance risk by trading on the Elbas market. In
addition to this, there can also be other motives. As a result of liberalized electricity markets,
market participants schedule their own power plant production and offer it to the markets in
a profit maximizing manner. Some participants might reschedule or reduce spot production
in their own power plants and instead buy supplementing power from Elbas, as it might be
less expensive than the running costs of the power plant. Market participants can also offer
their flexible production or consumption and try to maximize their profits instead of offering
production to the day-ahead market if the settlement price is higher than the marginal cost.
(Scharff and Amelin 2015.) This can be typical behavior for many hydropower plant pro-
ducers with storage capacity as delaying production from hydro storages is in many cases
unconstrained. The beforementioned ways of operating in different markets are examples of
exercising market optimization, exactly what the intent of the platform will be.

3.3 Fingrid’s Reserve Markets
It is critical for the power transmission grid that the frequency is constantly kept stable. In
Finland (and most of Europe), the standard national grid frequency is 50 Hz and is only
allowed to vary by ± 0,1 Hz during normal conditions, i.e. the normal frequency range is
between 49,9–50,1 Hz (Fingrid Oyj 2020a, Fingrid Oyj 2020e). This frequency is mainly a
direct outcome of the mechanical rotational frequency of the masses in synchronous gener-
ators and turbines of conventional power plants connected to the power grid. This frequency
can however also be achieved by utilizing a converter that converts direct current into alter-
nating current like in some renewable electricity generation units, such as batteries and pho-
tovoltaic cells (PV). (Tielens and Van Hertem 2016.)

The rotating masses in traditional power plants, such as thermal and hydropower plants,
contain stored kinetic energy associated with their rotation (rotational energy or kinetic en-
ergy) that can be described as rotational inertia or, in short, inertia. Generally, inertia is de-
fined as the resistance of any physical body to any change in its state of motion. If the turbine
would be shut down for some reason, it would continue spinning with a declining rotational
frequency until coming to a complete stop. Thus, it would continue to buffer power into the
grid through the rotating magnetic shaft connected to the turbine inside the generator. The
amount of electrical energy produced by these remaining rotations would equal the amount
of rotational inertia stored in the turbine (neglecting losses).  (Engineers Ireland 2016.)

The generator’s rotating mass is both able to inject and absorb kinetic energy into or from
the grid in case of a frequency deviation. (Tielens and Van Hertem 2016). Therefore, the
rotational inertia is capable of damping frequency deviations. (Ulbig et al. 2014.) This on
the other hand increases the available response time of the TSO to react and restore the
balance between supply and demand by increasing or decreasing production or consumption
through activating appropriate reserve products procured from the reserve markets.
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The ideal frequency of 50 Hz can be achieved by maintaining a complete equilibrium be-
tween supply and consumption. The frequency rises when supply exceeds consumption and
falls when there is less supply than consumption. Both can lead to damaging vibrations in
synchronous machines and result in fault cascades and blackouts as they are only designed
to work with a specific frequency. (Ulbig et al. 2014.) The more system inertia a grid has the
more robust it is towards frequency deviations, i.e. the change in frequency will be slower
(Figure 3.8). (Tielens and Van Hertem 2016.) Therefore, a power system with the presence
of many conventional power plants and therefore a high system inertia will have a higher
response time to react to deviation between power supply and demand, thus making auxiliary
balancing services easier, leading to a more secure and stable power grid.

Figure 3.8. How the amount of inertia affects rate of change of frequency (RoCoF) (EN-
TSO-E 2019).

Increasing renewable energy production in the power system decreases the overall system
inertia, as the generators are fully or partly decoupled from the grid. Therefore, the link be-
tween the speed of the rotational masses and the system frequency is removed. Also, the
increasing installation of HVDC (High Voltage Direct Current) links, which are especially
used as interconnectors, decouples two or more interconnected systems, so that the inertia
of one system is not directly accessible to the other. These trends are leading to overall lower
system inertia which makes the power system more fragile, noticeable as faster frequency
deviations (Figure 3.8). (Tielens and Van Hertem 2016.)

Therefore, the decreasing system inertia poses a major challenge for maintaining the stability
of a power system with a high share of connected renewable energy sources (batteries, PV
and wind) and cross-border import (Tielens and Van Hertem 2016, Engineers Ireland 2016).
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Thus, the importance of the reserve products for the power system cannot be underestimated,
especially when looking forward into the near future.

In the Nordic region, TSOs are responsible for maintaining and correcting frequency devia-
tions in the power grid. This is achieved by procuring different reserve products from seven
different reserve markets which are maintained by the TSOs. The available five reserve prod-
ucts (Figure 2.4) serve different functions for the stabilization of the frequency. FFR (Fast
Frequency Reserve) and FCR-D (Frequency Containment Reserve for Disturbance) are used
as fast upregulating power in underfrequency conditions. FCR-N (Frequency Containment
Reserve for Normal Operation) and aFRR (automatic Frequency Restoration Reserve) for
maintaining frequency in the normal range by up and downregulation. Finally, mFRR (man-
ual Frequency Restoration Reserve) provides larger quantities of up or downregulating
power and relieves the other reserves to function in new frequency deviation situations. (Fin-
grid Oyj 2020a.)

Power plants, consumption sites and energy storages can serve as reserve units for these
products. Also, an aggregation of these, similar or different types, can serve as reserve units.
These resources are required to fulfill the technical requirements depending on what reserve
product they are specified to serve as. The requirements are proven to Fingrid by carrying
out a reserve product specific control test, i.e. a prequalification test which might take up to
6 months. By passing the prequalification test, the resources are accepted to participate in
the specific product’s reserve market. (Fingrid Oyj 2020f, Fingrid Oyj 2019a.)

The reserve markets are maintained by the Nordic TSOs and they cover the price areas of
Finland, Sweden, Norway and East Denmark (Figure 3.4). Each TSO is responsible for
maintaining a certain amount of capacity of each reserve product. This amount is updated
and determined by different factors. An annual maximum amount of each reserve product is
determined each year and the amount is specified on either a weekly or hourly basis. (Fingrid
Oyj 2020a.) The hourly obligation for each reserve product of all the Nordic TSOs and Fin-
grid is shown in Table 3.1.

Table 3.1. Hourly reserve product procurement obligations for the year 2020 (Fingrid Oyj
2020a).
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The jointly maintained FCR markets capacity obligations are divided annually between the
Nordic TSOs in proportion according to each country’s consumption and production. 600
MW of FCR-N is maintained for frequency adjustments in the normal range. The FCR-D
reserve maintenance in the whole Nordic system is set weekly to correspond to the greatest
individual fault in the system. In normal operation, 1 450 MW of FCR-D is maintained. With
this amount, it is possible for the TSOs to withstand a frequency deviation of more than 0,5
Hz in case of a larger fault. (Fingrid Oyj 2020a.)

FFR obligation depends on the amount of system inertia, thus it is procured when the system
inertia is predicted to be low. Therefore, varying quantities of the reserve is only procured
for certain hours. aFRR resources are procured for predefined morning, evening and night
hours. The dates for procurement are announced on the TSOs websites. (Fingrid Oyj 2020a.)
Each TSO maintains reserve power plants (both TSO’s own and leased) to fulfill its mFRR
obligation. Fingrid has 953 MW capacity of own reserve power plants and leases 301 MW
(Fingrid Oyj 2018a). Fingrid also procures sometimes sufficient amounts of upregulating
capacity via the balancing capacity markets with weekly competitions. The market is used
to secure that Fingrid has sufficient amount of capacity available during maintenance of
Fingrid’s own and leased reserve power plants. (Fingrid Oyj 2020g.)

Fingrid meets these capacity obligations by procuring resources primarily from the Finnish
reserve markets (Table 3.1). FFR and aFRR resources are procured from hourly markets.
FCR-D and FCR-N resources are procured primarily from yearly markets, but if the obliga-
tion is not met, then the remaining capacity is procured from the hourly markets (Fingrid
Oyj 2020f). mFRR balancing capacity market weekly tender competitions are held from time
to time. In the balancing capacity markets, the BSP of the accepted reserve unit is entitled to
submit upregulation bids as often as possible to the balancing markets during the week. (Fin-
grid Oyj 2020g.)

Both mFRR balancing markets and aFRR have separate markets for up and downregulation.
FFR and FCR-D have markets only for upregulation. FCR-N is a special reserve product in
the sense that it is required to be symmetric, i.e. the unit must be able to provide both up and
downregulation if needed, thus there is only one market for both up and downregulation
(Fingrid Oyj 2019a.)

The different reserve markets are summarized in Table 3.2.

Table 3.2. Basic information about the different reserve markets. The mFRR balancing
markets also has an ongoing pilot that allows a minimum bid of 1 MW per BSP (Fingrid

Oyj 2019b).
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In order to participate in the different reserve markets, the BSP must submit a bid during
each market’s opening time (Figure 3.9). For hourly markets, the bid must at least contain
information about the offered capacity and the capacity price, i.e. the price of availability
(EUR/MW, h). For the mFRR balancing energy markets, an energy price (EUR/MWh) is
bid instead of a capacity price. When the market closes the bids are ordered into ascending
order by the capacity prices and the last, most expensive capacity to fulfill the hourly obli-
gation sets the capacity market price for the given hour (marginal price principle) (Fingrid
Oyj 2020f). This marginal pricing principle is used on FFR, FCR and the balancing capacity
markets. aFRR has a pay-as-bid mechanism, where the bids are ordered into ascending order
by capacity price. When Fingrid’s obligation capacity is fulfilled, the bids that fit into the
obligation capacity get accepted and receive the same amount of capacity price that they set
in the bid. (Fingrid Oyj 2020h.)

Figure 3.9. The timeline for Nord Pool’s markets and Fingrid’s reserve markets in EET
(Fingrid Oyj 2020d).

In addition to the capacity price, reserve units participating in the FCR-N, aFRR and mFRR
balancing capacity markets receive also an energy price for the balancing power they provide
when they are activated. The balancing energy prices are set and based on the mFRR bal-
ancing energy markets. (Fingrid Oyj 2020f, Fingrid Oyj 2020h.)

For upregulation, the mFRR balancing market bids are combined with the other Nordic bids
and ordered into an ascending order and the cheapest bids are prioritized if there is need for
activations. In Finland, the upregulation price for any given hour is set by the most expensive
bid that is activated. The condition is however, that the upregulation price is always equal to
or greater than the Finnish spot price. Fingrid pays the upregulation price for the upregulated
energy to the BSP. (Fingrid Oyj 2020e.)

For downregulation, the bids are combined in a similar fashion but ordered into descending
price order. The most expensive bids are prioritized if there is need for activations. The con-
dition is that the downregulation price is always less or equal to the Finnish spot price. (Fin-
grid Oyj 2020e.)

The logic behind this, is that when, for instance, a power plant downregulates, it has already
received a payment for the planned spot production. However, when the power plant down-
regulates, it does not produce as much electricity to the spot market as planned, thus it must
pay for the downregulated energy the downregulation price to Fingrid. The power plant
therefore nets when downregulating the price between the spot price and the downregulation
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price multiplied by the downregulated energy (and also saves the production costs). There-
fore, participating in some of the reserve markets are dependent on if the reserve unit is
participating already in the spot markets.

To summarize, an hourly capacity price is paid as a reward to the reserve unit for reserving
capacity for possible activation needs in case of a frequency deviation. On the FCR-N, aFRR
and mFRR markets, a balancing energy price is paid for the balancing energy the unit pro-
vides. A reserve unit may only be allocated to one market at a time at any given hour (Fingrid
Oyj 2019c). A downregulating price is paid to a power plant when it decreases production
and to a consumption site that increases consumption in case the grid frequency would rise
above 50 Hz. An upregulating price is paid to a power plant when it increases production
and to a consumption site that decreases consumption in case the grid frequency would fall
below 50 Hz.  (Fingrid Oyj 2020e.)

The costs of the reserve markets are covered with a grid network tariff and payments col-
lected from the balancing services. Balancing power costs are covered by imbalance power.
(Fingrid Oyj 2020a.) Therefore, the reserve markets are to a great extent market driven. The
payment logic can be seen in Figure 3.10.

 Figure 3.10. Covering the costs of Fingrid’s reserve markets.

The introduced reserve products and their markets will function as the main stage for the
optimizing platform. The products and their markets will be covered more thoroughly in the
upcoming Subsections 3.3.1–3.3.3. In Section 4.1, the markets will be analyzed for the in-
spection period of Q1/2018–Q2/2020, the same time period that the developed platform pro-
totype uses, introduced in Chapter 5.

3.3.1 Fast Frequency Reserve - FFR
The new reserve product FFR was launched in the beginning of May 2020. It functions as a
complement to the primary reserve for disturbances (FCR-D) and is the first mitigation
measure to act for large underfrequency deviations. FFR reserves ensure that the loss of an
individual electricity production unit or HVDC link will not cause the frequency to fall be-
low 49,0 Hz (Fingrid Oyj 2020i).

The FFR reserve unit is obligated to measure constantly the grid frequency and react if the
frequency deviates under certain threshold limits (Table 3.3), thus the reserve unit functions
independently. The frequency measurement point can be chosen freely from any point of the
grid in Finland. The BSP holds the right to choose one of the activation options shown in
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Table 3.3. For instance, choosing the first option listed in the table implies that the reserve
unit should fully activate in less or equal to 1,3 seconds if the grid frequency drops to 49,7
Hz. (Fingrid Oyj 2020i.) In other words, the reserve unit must reach the allocated capacity
in at least 1,3 seconds by utilizing a freely chosen activation profile. For instance, a con-
sumption site could be turned off, relieving capacity for upregulation. Potential resources
that are capable of this extremely fast activation time could be batteries, electrolyzers and
consumption sites (Fingrid Oyj 2019c).

Table 3.3.  The different activation options on the FFR market. (Fingrid Oyj 2020j).

However, to witness such low grid frequencies has been very uncommon. For instance, dur-
ing 2017 and 2018 frequency deviations under 49,7 Hz have included in total only 11 in-
stances with average duration of around 7 seconds (Fingrid Oyj 2018b). The risk of witness-
ing such deviations can, however, become more common as the overall power system inertia
decreases in the future. Tripping of larger HVDC connections and production units exposes
risks for larger imbalances and thus larger frequency deviations. The power system inertia
is lower when there are high shares of wind and solar production, low demand, high HVDC
import and less large rotating mass power production such as thermal and hydro production
synchronized to the power grid. (ENTSO-E 2019.)

Thus, FFR reserves are procured when the system inertia is low, as the risk for faster and
larger frequency deviations is larger (Figure 3.8). Typically, this implies night hours from
spring to fall seasons when consumption tends to be lower (Figure 3.11). Another solution
for avoiding high and risky steep RoCoF situations would be to limit the power of the largest
generators, loads or HVDC links connected to the system. This method has however a higher
socio-economic cost compared to the FFR procurement method. (ENTSO-E 2019.)

Figure 3.11. FFR reserves are typically procured when inertia falls to 130-140 GWs (Fin-
grid Oyj 2019c).

Fingrid prepares an inertia estimation for the following day and procures FFR capacity ac-
cording to the estimation (ENTSO-E 2019). FFR capacity is primarily procured from the
national FFR hourly market. The bids submitted to the hourly market may vary between 1,0
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and 10,0 MW with an accuracy of 0,1 MW. In addition, the bid must include a capacity
price, allocation hour in EET time and type of resource (production, consumption or aggre-
gated). The BSP is allowed to aggregate both production and consumption units. The bids
are then ordered into ascending order for each delivery hour, and Fingrid prioritizes by
choosing the cheapest bids until the total capacity obligation is fulfilled (marginal pricing).
Each bid is handled separately and used as a whole. (Fingrid Oyj 2020i.)

It is also possible to submit combination bids, meaning that FFR bids can be combined with
either FCR yearly (reserve plan) or hourly bid for the same reserve unit. A separate capacity
price must be submitted to the FFR and FCR-D hourly market. In the combination bids, the
FFR bid is traded first and it will only be transferred to the FCR-D market if it is not accepted
on the FFR market. By submitting a combination bid, it is possible to submit bids to both
the FFR and FCR-D market as submitting separate bids to these markets is not possible due
to the timeline overlap (Figure 3.9). (Fingrid Oyj 2020i.)

According to research (ENTSO-E 2019), multiple future inertia scenarios indicate that the
inertia levels will not change drastically from the 2017–2018 levels up to 2025, hence the
FFR reserve will be a valid solution for the years to come. A long-term market simulation
performed by Svenska kraftnät for 2030 and 2040 addressing inertia indicates however that
the inertia levels will keep decreasing, increasing the need for FFR capacity (ENTSO-E
2019).

FFR is currently procured from national markets in the Nordic countries. The goal is to later
work towards a common Nordic FFR market. (ENTSO-E 2019.) This will most probably
increase the liquidity in the FFR market, as currently on Fingrid’s national markets the ca-
pacity prices have been very high. The average capacity price for Q2/2020 was 85 EUR/MW
with 100 EUR/MW being the highest price, which is clearly more than double the average
prices of the past most expensive reserve market (aFRR upregulation). A comparison and
thorough analysis of the reserve markets will be provided in Chapter 4.

3.3.2 Frequency Containment Reserves – FCR-D and FCR-N
The FCR reserves are activated independently by frequency deviations measured directly
from the grid, similarly to the FFR reserves. The FCR-D reserves are activated when the
frequency falls below the normal range, i.e. below 49,9 Hz. FCR-D reserve units aim to
contain the frequency to at least 49,5 Hz, thus they provide upregulation capacity for the
power grid. The FCR-N, on the other hand, aims to keep the frequency within the normal
frequency range. The FCR-N product therefore provides both up and downregulation for the
power grid, thus it is a symmetrical reserve product. (Fingrid Oyj 2020f.)

FCR-D and FCR-N reserve units are procured from both the yearly and hourly markets to
meet the hourly obligations (Table 3.1). Trade between countries is also possible in order to
meet the reserve capacity obligation. The yearly markets are first prioritized and if the obli-
gations are not met, hourly markets are used. The yearly market price and capacity is deter-
mined annually during fall season (September–October) in a competitive tendering process.
All the bids are ordered into ascending order by their offered capacity price and when the
agreed capacity obligation is met, the yearly capacity price is determined with the marginal
pricing method. (Fingrid Oyj 2020f.)
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The reserve units that are accepted in the competition receive therefore a fixed capacity price
for the offered capacity. This capacity will always be accepted when offered to the hourly
markets through the yearly markets (reserve plan) and receive the same price for every hour
for the whole year. (Fingrid Oyj 2020f.) In Table 3.4 can be seen the yearly capacities and
capacity prices for years 2018 and 2019 for both FCR-D and FCR-N.

Table 3.4. Yearly market data for FCR-D and FCR-N (Fingrid Oyj 2020k).

If the hourly capacity obligation is not met, then the remaining capacity is procured from
either hourly markets or from other countries, separately for each reserve. As can be assumed
from Table 3.4, FCR-N must always be procured from the markets, as the obligation is not
met with procuring only via the yearly markets. In a similar fashion as in the FFR markets,
marginal pricing is used for the bids. There is no requirement for the BSP to participate in
the yearly markets in order to participate in the hourly markets. If the BSP’s reserve unit’s
capacity has been accepted to the yearly markets, then the capacity can only be used there
and is not allowed to be bid on the hourly markets. (Fingrid Oyj 2020f.)

The minimum bid for the FCR-D market is 1,0 MW and 0,1 MW for the FCR-N market.
The maximum bid for FCR-D is 10,0 MW and 5,0 MW for FCR-N. The bids must be sub-
mitted with 0,1 MW accuracy. In addition to informing the allocated capacity, the bids must
contain information about the capacity price, availability hour in EET and both type (pro-
duction, consumption or aggregation) and activation profile (a relay-connected reserve that
is linear, stepwise linear or activated in a single step, i.e. on/off). The bids are ordered into
ascending order, prioritizing the cheapest bids for each delivery hour. Bids offered with the
same price are accepted in order of receiving. The bids can be used partly, but at least 1 MW
of a bid will be accepted on the FCR-D market. (Fingrid Oyj 2020f.)

Reserve units participating in the FCR-D markets must be able to provide upregulation ca-
pacity. For a production unit this implies increasing power output and for a consumption site
decreasing power consumption. As mentioned earlier, FCR-D reserve units are activated
when the frequency falls below 49,9 Hz. Between the frequency range 49,5–49,9, the units
adjust their power output or consumption in proportion to the frequency deviation, i.e. line-
arly or stepwise linearly. If the frequency would reach 49,5 Hz, then the reserve unit must
be activated completely. The reserve unit must be able to activate 50 % of its capacity in 5
seconds and 100 % in at least 30 seconds as a result of a stepwise -0,50 Hz frequency change.
The recommended activation profile for a relay-connected reserve is stepwise. Alternatively,
the entire relay-connected reserve unit can be disconnected according to Table 3.5. The total
volume of relay-connected reserve units maintained for FCR-D that disconnect cannot how-
ever exceed 100 MW for each hour. The reserve units must be able to reactivate to full
capacity no later than 15 minutes from the previous activation. (Fingrid Oyj 2019a.)

Obligation
(MW/h)

Yearly Market
Capacity (MW/h)

Yearly Market Capacity
Price (EUR/MW, h)

Obligation (MW/h)
Yearly Market

Capacity (MW/h)
Yearly Market Capacity

Price (EUR/MW, h)

2018 260 435,0 2,80 140 72,6 14,00
2019 260 445,6 2,40 140 79,0 13,50
2020 290 458,3 1,90 120 87,1 13,20

FCR-D FCR-N



31

Table 3.5. Disconnection options of relay-connected reserve units (Fingrid Oyj 2019a).

The FCR-N reserve product is more complex than the FFR and FCR-D reserve products. It
is a symmetrical reserve product, i.e. the allocated capacity to the FCR-N markets must be
capable of both 100 % up and downregulation. 100 % activated upregulation is required of
the reserve units if frequency falls to 49,9 Hz or below and 100 % downregulation if the
frequency rises to 50,1 Hz or above. The reserve unit is required to activate proportionally
to the magnitude of the frequency deviation in the normal frequency range, i.e. linearly or
stepwise. (Fingrid Oyj 2019a.)

In order to fulfill both up and downregulation requirements from the standpoint view of a
power plant, half of its capacity must already be producing in order to be capable of down-
regulating 100 %. The other half of the capacity not producing would therefore be capable
of 100 % upregulation. Similarly, a consumption unit would need to be consuming 50 %
power of its allocated capacity. This capacity would be able to upregulate by decreasing this
consumption with 100 %. The other half that is not consuming would therefore be able to
increase consumption, i.e. downregulate. Hence, in order for a single reserve unit to partici-
pate in the FCR-N market, participation in the spot market would be required.

A stepwise frequency change of 0,1 Hz from the ideal 50,0 Hz in the grid signals the FCR-
N reserve units to activate fully in the minimum timeframe of three minutes. Linear activa-
tion is preferred in the normal frequency range. Relay-connected reserve units are allowed
to form a stepwise activation profile within the normal frequency range. Both FCR-D and
FCR-N reserves are required to be capable of full activation for the full hour. Reserve units
with limited activation capability, such as batteries, might be exempted from this require-
ment. (Fingrid Oyj 2019a.)

Both the FCR-D and FCR-N markets provide a capacity price compensation for the reserve
units participating in them. In addition to the capacity price, FCR-N reserve units also re-
ceive an energy price compensation for the provided balancing energy, which is calculated
based on the balancing net energy. Downregulation is noted as negative balancing energy
and upregulation as positive balancing energy. (Fingrid Oyj 2020f.) This means, that if a
power plant would first upregulate 100 % for 10 minutes and then downregulate 100 % for
10 minutes it would not receive any compensation from the balancing energy perspective as
it would net out to zero. The balancing energy price is based on the mFRR balancing energy
prices as explained earlier in the end of Section 3.3 (Fingrid Oyj 2020f).

Table 3.6 shows the number of deviations in different frequencies for the year 2018. By
observing the table, it can be concluded that the provided balancing energy from FCR-N
reserves is much more than from FCR-D reserves. For instance, when the frequency falls
below 49,9 Hz, only a portion of the FCR-D reserve capacity is activated while the FCR-N
reserves are fully activated. Therefore, compensation for power plants participating in the
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FCR-D reserve markets are equal to or very close to the received capacity price for the allo-
cated capacity. As there is little production overall, in similar manner there are little produc-
tion costs, reducing the overall compensation and therefore reduced profits.

Table 3.6. Frequency deviations in 2018 (Fingrid Oyj 2018b).

Both FCR-D and FCR-N reserves will continue to serve as important reserve products in the
future. Increasing power demand, decreasing conventional flexible capacity and increasing
intermittent power production induces need for fast adjustable balancing capacity. Residen-
tial and industrial demand response, EVs and industrial batteries will play an important role
in these markets. Other suitable resource for these markets would be hydropower plants,
electrolyzers, flexible gas turbines and diesel generators.

3.3.3 Frequency Restoration Reserves – aFRR and mFRR
Thus far, the introduced FFR and FCR reserve products have had specifications in common
that they are needed to activate quickly and upon specified frequency thresholds measured
directly from the grid. Only a relatively small capacity is required in order to participate in
the markets but, on the other hand, strict technical requirements must be fulfilled. They are
the first mitigation measures when there is a mismatch between supply and demand. The
FRR (Frequency Restoration Reserves) reserve products on the other hand provide more
bulk capacity and relieve the FFR and FCR reserve products by taking over them. Whereaf-
ter, they are able to be prepared and available for new fast response requiring situations.

Both the aFRR and mFRR reserve products aim to restore the frequency back to the ideal
value of 50,0 Hz and relieve the FFR and FCR reserves. The aFRR is a centrally controlled
reserve product that is automatically activated upon an activation signal sent by Fingrid.
mFRR bids on the other hand are activated manually by Fingrid. (Fingrid Oyj 2020f.)
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The aFRR reserve product went live in the Nordics in 2013. Fingrid procures aFRR resources
from the hourly markets and, if needed, from Sweden. aFRR has two markets separately for
upregulation and for downregulation bids. aFRR capacity is procured for morning and even-
ing hours, which are reported at the latest two weeks in advance on Fingrid’s website (Fin-
grid Oyj 2020h).

The hours on which aFRR resources are maintained are common in the Nordic countries as
the same activation signal is based on frequency deviations in the synchronized Nordic area.
Frequency deviations are used to calculate the power change needed in the power system to
restore the frequency back to its nominal value. (Fingrid Oyj 2019d.) The TSOs have agreed
that the capacity required to restore the frequency back to is nominal value is calculated in
the Norwegian TSO’s Statnett’s control center, from where the signal is sent to every TSO.
Each national TSO therefore forwards the activation signal to each participating reserve unit.
(Fingrid Oyj 2019e.)

aFRR bids must be equal to 5 MW. The bids are ordered into ascending order according to
their capacity prices. Bids with the same price get accepted in the order they were submitted.
Once the capacity obligation is met, the cheapest bids that fulfill the obligation get accepted.
The accepted reserve units of the BSPs receive the same capacity price that was submitted
in their bids, i.e. the reserve units receive the capacity price as pay-as-bid. In addition to the
capacity price, they also get compensation for the provided balancing energy. (Fingrid Oyj
2020h.)

There are only few technical requirements for a reserve unit to be able to participate in the
aFRR markets. The capacity of the unit must be 5 MW and it must be capable of activating
fully within 5 minutes. The activation must start within 30 seconds from receiving the acti-
vation signal. The activation profile is not limited, i.e. it can e.g. be linear, stepwise linear or
on/off. The activation power is allowed to be 90–110 % of Fingrid’s power request. (Fingrid
Oyj 2019d.)

Reserve units participating in the mFRR balancing energy markets are available for the TSOs
to be utilized as power sources for balance management. In order to participate in the bal-
ancing energy markets, the reserve unit must be able to activate the capacity of the bid in 15
minutes and provide full balancing power for the remaining time of the activation hour.
There is no prequalification test for the reserve units participating in the mFRR markets
(Fingrid Oyj 2019f). Reserve units participating in the competitive tendering of the balanc-
ing capacity markets must be capable of at least three hours of continuous activation. A
resting period is allowed after the order. The duration must be same as the activation time
but at least 3 hours and at most 6 hours. (Fingrid Oyj 2020e.)

The balancing energy market involves markets separately for up and downregulation. They
are maintained together with the Nordic TSOs. All the bids from the Nordic countries are
combined and assembled into separate Nordic balancing energy bid lists for up and down-
regulation. Upregulation bids are ordered into ascending order by price and downregulation
bids into descending order by price. If there is need for balancing power, the TSOs activate
the bids manually as price-efficiently as it is possible for the power system. Bids can also be
left unused in certain situations if the power system does not allow it, e.g. in case of bottle-
necks situations. (Fingrid Oyj 2020g.)
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Both normal bids to the balancing energy markets and bids coming from BSPs participating
in the weekly capacity markets are treated equally. The BSPs participating through the ca-
pacity markets, introduced in the spring of 2016, are obliged to offer as often as possible
upregulating bids to the balancing energy market in order to get full capacity price compen-
sation (Fingrid Oyj 2020e).

In Finland, the upregulation price is determined by the last required, i.e. most expensive
activated bid which is more or at least equal to the Finnish spot price. The downregulation
price is determined in similar fashion by the last required, i.e. the cheapest bid activated. The
price is less or at least equal to the Finnish spot price. The maximum upregulation price is
currently capped to 5000 EUR/MWh (Fingrid Oyj 2020e).

The minimum balancing energy bid is 5 MW if the bid can be ordered electronically by
Fingrid, otherwise the minimum bid is 10 MW. The bids are given with an accuracy of 1
MW. For capacity bids, the minimum is 5 MW and maximum 50 MW. (Fingrid Oyj 2020e.)
During a trial period that lasts until 31.12.2020, a single balancing energy bid under 5 MW
(at minimum 1 MW) per BSP per hour is allowed. The pilot is part of preparing the Nordic
countries into a smooth transition towards European balancing energy markets, where the
minimum size of bids will be 1 MW, providing more liquidity to the market. (Fingrid Oyj
2019b.)

The transition of moving from a Nordic electricity balancing market to a common European
market is estimated to be possible on the timeframe Q3/2023–Q2/2024 according to the Nor-
dic TSOs (Fingrid Oyj 2020l). The transition will involve both the aFRR and mFRR markets,
excluding the balancing capacity markets (Fingrid Oyj 2020m).

PICASSO (Platform for the International Coordination of Automated Frequency Restoration
and Stable System Operation) is the implementation project for establishing the European
exchange platform for aFRR (ENTSO-E 2020a). MARI (Manually Activated Reserves Ini-
tiative) is the European implementation project for establishing a common marketplace for
the involved European countries for mFRR (ENTSO-E 2020b). After the transition, Fingrid
will continue to handle the Finnish bids and activate the bids which are needed in Finland,
the main difference will be that the Nordic combined bid list will evolve into a European
combined bid list (Fingrid Oyj 2020m).

The MARI member countries are shown in Figure 3.12. The completion of the project will
enable trading of cross-border balancing energy between the member TSOs. It is an im-
portant step in the harmonization of the European electricity markets. The requirements for
mFRR reserves are projected to be changed so that the reserves must be capable of full acti-
vation in 12,5 minutes, the minimum capacity bid will be 1 MW and the possibility to trade
15 minute products instead of 1 hour products will be realized (Fingrid Oyj 2020m).



35

Figure 3.12. The MARI member countries (ENTSO-E 2020b).

The PICASSO member countries are shown in Figure 3.13. The project will integrate the
aFRR markets between the member TSOs, allowing exchange of aFRR balancing energy
between the member TSOs (ENTSO-E 2020a). The activation time for the aFRR product
will stay the same (5 minutes) but the minimum bid will be 1 MW instead of 5 MW (Fingrid
Oyj 2020m).

Figure 3.13. The PICASSO member countries (ENTSO-E 2020a).
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Before the planned transition to the European markets for aFRR and mFRR, the aFRR mar-
ket will be changed from national markets to a common Nordic market not earlier than
Q2/2021 (Fingrid Oyj 2020n). A common Nordic market of aFRR involving 300 MW of
aFRR capacity was estimated to bring 50 MEUR of annual economic benefit to end consum-
ers. The minimum bid would change from 5 MW to 1 MW and the pricing of selected bids
would change from pay-as-bid to marginal pricing. Also, the planned gate closure time for
submitting bids will be before the declaration of spot prices, between 07:00–10:00 D-1.
(NBM 2020a.)

Figure 3.14 summarizes the planned upcoming changes to the Nordic reserve markets. These
changes will indeed revoke some of the given information about the reserve products and
their markets in this thesis. It is clear that Fingrid’s reserve markets are living in a period of
rapid change. As this research project, thesis, is conducted on data and information gathered
mainly from the time period of Q1/2018–Q2/2020, applying some of the modelling and mar-
ket analysis results for future scenarios might be misleading.

Figure 3.14. Roadmap of Nordic Balancing Model (NBM 2020b).
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4 Reserve Market Analysis and Considerations

The FFR and FCR reserves are utilized for rapid frequency management and their activations
depend on measuring frequency deviations directly from the grid. These three reserve prod-
ucts are procured from the hourly national markets and receive a capacity price set by mar-
ginal pricing. Only FCR-N receives in addition a compensation for the net balancing energy
it provides during the allocated hour.

The FRR reserves (aFRR and mFRR) are activated either automatically or manually on Fin-
grid’s command. They are used for providing bulk capacity and relieving the FFR and FCR
reserves. The aFRR reserve is procured from the hourly markets and receives both a capacity
and energy price for the balancing energy it provides if activated. mFRR bids do not receive
a capacity price (excluding situations where BSPs are participating from the capacity mar-
kets) but only an energy price for the balancing energy they provide if the bids are activated.

For the value gain modelling, introduced in the next chapter, and this chapter’s reserve mar-
ket analysis, the range of hourly data for Fingrid’s reserve market analysis was chosen to be
Q1/2018–Q2/2020. The focus will be on the hourly markets for the modelling and market
analysis, as the plan is to allocate possible reserve units from Suomen Voima’s reserve port-
folio to the different hourly markets in a price optimizing fashion. All the possible hourly
reserve market allocation options are listed in Figure 4.1.

Figure 4.1. Fingrid’s hourly market allocation options.

4.1 Reserve Market Analysis
Reserves are procured according to Fingrid’s capacity obligations, introduced in Table 3.1.
Figure 4.2 visualizes the annual procurement hours for each reserve that is compensated with
a capacity price. Figure 4.3 shows the same data in quarters. For the case of the reserve
product FFR, it is important to mention that data has only been available from 9.5.2020 and
forward, therefore the visualized key values for it can be a bit misleading when considering
time periods such as Q1-Q2/2020 or Q2/2020. During May and June in 2020 it has been
procured around 50 % of the time, thus the columns for FFR data in the following graphs
include only these months.
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Figure 4.2. Annual procurement hours (%). *The graph includes FFR data only from
9.5.2020 forward (same note applies for the following figures).

The yearly market capacity for FCR-D is well over the hourly obligation (Table 3.1), thus
there are hours when FCR-D reserves do not need to be procured from the hourly markets.
Q2 is an interesting quarter for FCR-D and in general for all the reserves, as it is always
procured the most. A potential reason for this phenomenon could be that during springtime
hydro inflow is at its peak, which leads to reduced available hydro balancing capacity. There-
fore, hourly markets are needed for more procurement of alternative resources that are not
participating in the yearly markets. Also, nuclear power plants such as Olkiluoto 1 and 2
tend to have their yearly maintenance during Q2 (TVO 2020), which reduces the amount of
stable baseload power in the system.

FCR-N yearly market capacity is less than the obligation, thus it is almost always procured
from the hourly markets. There might be cases when the capacity has not been available in
Finland and therefore it has been procured from somewhere else. During 2018, the procure-
ment of aFRR has been rather stable when inspecting the year’s quarters but starting from
Q1/2019 there seems to be an increasing trend for its procurement hours.

Figure 4.3. Procurement hours (%) per quarter.
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The reserves are procured in various quantities from the markets for each hour of the year.
Figure 4.4 shows the annual procurement quantities and Figure 4.5 shows the procurement
quantities per quarter. The procurement of FFR is little compared to the other reserve prod-
ucts. Even though the FFR data contains only May and June months for Q2, the procurement
quantity is much less than half compared to the other reserve products during Q1-Q2/2020.
Clearly the largest procurement quantities involve the FCR-D and FCR-N market. Compared
to 2018, the aFRR procurement has increased following the increased procurement hours.

Figure 4.4. Annual procurement quantities.

Figure 4.5 shows that procurement peaks for FCR-D occur in Q2 each year. Overall, Q4
seems to be the quarter when reserves are procured the least. Downregulating aFRR capacity
is procured more than upregulating capacity. One reason for procuring more downregulating
capacity can be the uncertainty in predicting wind power production.

Figure 4.5. Procurement quantities per quarter.
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The average hourly procurement quantities are represented in Figures 4.6 (annual) and 4.7
(per quarter). The columns include only procurement data for hours when there has been
procurement for the specific reserve. FFR is procured the least of all the reserve products.
More FCR-D than FCR-N is procured on average from the hourly markets. Downregulating
aFRR capacity is procured more on average than upregulating capacity. Overall, the average
annual procurement capacities do not vary by much between the different reserve products
(excluding FFR).

Figure 4.6. Annual average procurement quantities.

When inspecting the aFRR markets, it seems the average procurement quantity has been
pretty much the same for each procurement session. Even though the frequency of procuring
aFRR capacity has increased, it has not changed the average procurement quantity. On av-
erage, the procurement quantity for aFRR is seldomly as high as the obligation (Table 3.1).

Figure 4.7. Average procurement quantities per quarter.

Figure 4.8 shows the average capacity prices on an annual level and Figure 4.9 on a quarterly
level. The graphs only include data of the capacity prices when the reserve products have
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been procured. The reason for this is that including hours when there has been no procure-
ment would lower significantly the average capacity prices and provide misleading infor-
mation.

Figure 4.8. Annual average capacity prices.

The new FFR product has had very high capacity prices compared to the other reserve prod-
ucts, on average more than double. The reasons for this can be that the product is very new
and therefore it has not been truly discovered yet by BSPs. Also, the strict technical require-
ments limit the amount of possible resources that could participate in this market. Mainly
batteries, electrolyzers and consumption sites are capable of the required rapid response
time. Therefore, the BSPs seem to have demanded a high compensation for allocating their
resources to the FFR market, perhaps in an opportunistic manner. It remains to be seen if the
prices will fall and with what pace.

The yearly market capacity prices are also shown for FCR-D and FCR-N in the graphs. In
Figure 4.8 it can be noticed that each year the hourly market price has beaten the yearly
market price. Figure 4.9 shows that FCR-D capacity prices undergo a clear surge in Q2. The
same effect is also noticeable for FCR-N prices. On average, aFRR upregulating prices are
typically higher than downregulating prices and have the highest prices on an annual level.

Figure 4.9. Average capacity prices per quarter.
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Figures 4.10 and 4.11 represent the mFRR balancing energy prices compared to the Finnish
spot prices on both annual and quarterly levels. Figure 4.12, on the other hand, shows the
calculated price differences between the Finnish spot price and mFRR balancing energy
prices.

Figure 4.10. Annual mFRR and Spot (FI) average prices.

As Figure 4.12 shows, the price differences were rather steady throughout year 2018. For
the whole inspection period, the average price difference for downregulating power has been
approximately 4,5 EUR cheaper and upregulating power 6,9 EUR more expensive than the
spot price. More volatility has been experienced during 2020. For instance, for Q1 the spot
and upregulating price difference was 10,5 EUR and for Q2 13,1 EUR.

Figure 4.11. mFRR and Spot (FI) average prices per quarter.

Several factors can influence the price difference. In Q1–Q2/2020, the average capacity of
the upregulating bids has been around 850 MW/h compared to Q1–Q2/2019 940 MW/h. The
average ordered bids (when including only activation hours) in Q1–Q2/2020 have been 92
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MWh/h compared to Q1—Q2/2019 57 MWh/h. Thus, for the first half of 2020 there has
been more demand and less capacity available compared to the first half of 2019. The first
half of 2020 has been on average 5 EUR more expensive than first half of 2019. One reason
could be that hydro storages in the Nordics have been extremely full which has led to cheap
spot prices but less available capacity for balancing power. Also, a windy first half of 2020
could have led to more need for balancing power due to forecasting errors. Therefore, larger
quantities of more expensive balancing capacity has been needed for restoring balance.

Figure 4.12. Price differences between the balancing energy markets and the Elspot in Fin-
land.

Finally, Figures 4.13 and 4.14 show the capacity price volumes per hourly market, both on
annual and quarterly levels. The volumes have been calculated by multiplying the procure-
ment capacity with the capacity price per hour. The graphs therefore demonstrate the mon-
etary value of each market when only considering the capacity price compensation.

Figure 4.13. Annual capacity price volumes.
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The FCR-N hourly market holds the largest price volume. For the whole inspection period,
the total price volume for FCR-N is 22 MEUR, which is twice as much compared to the
FCR-D market (11 MEUR). The aFRR upregulating market’s total price volume has been 8
MEUR and the downregulating market has been 6 MEUR. Although the procurement ca-
pacities have increased, the value of the aFRR markets have not increased. Up and down-
regulating aFRR capacity is procured more often, but in less quantities, which has led to
smaller average capacity prices. Overall, as the previous graphs have indicated, Q2 quarters
involve the highest exchange of capacity compensations.

Figure 4.14. Capacity price volumes per quarter.

4.2 Reserve Market Summary and Considerations
The FFR market has only been available from the beginning of May 2020. It has by far the
largest average capacity price (85 EUR/MW) of all the reserve products. During Q2/2020,
the total bid capacity to the FFR market has been 25 GW and 13 GW has been procured.
Even though, the supply has been approximately twice the procurement size, the prices have
still been high. Therefore, this market seems to be very attractive for the market optimization
task.

The procurement for FFR (Figure 4.3) has been around 50 % since its launch in May, thus
its market is available for allocation quite often. Also, as the highest frequency activation
threshold requirement is 49,7 Hz, activations are prone to happen very seldomly and thus
the offered reserve unit will in practice receive a high compensation for just being available
for rare activation tasks. However, the declining quality of the grid frequency is posed to
increase the risk for even large frequency deviations in the future.

The hourly FCR-D capacity prices are for the most time rather small, around 2-3 EUR/MW
(Figure 4.9). However, in Q2 there seems to always be peaks for procurement quantities and
capacity prices. Capacity price peaks of 350—500 EUR/MW have been observed during Q2,
thus there exists opportunities for high capacity prices. The FCR-D market has a large yearly
market capacity (458,3 MW for 2020, Table 3.4), thus there are sometimes situations when



45

the hourly markets are not needed. For instance, in 2019 procurement from the hourly mar-
kets was 60 % compared to 2018 and Q1–Q2/2020 the procurement has been approximately
90 % (Figure 4.2). Thus, FCR-D is not always an option for market optimization.

FCR-D and FFR reserve units must be capable of providing fast upregulation power. FCR-
D resources must activate at least 50 % of their allocated capacity in 5 seconds and rest of
the capacity in 30 seconds if the frequency would drop to 49,5 Hz in a stepwise manner.
They must also be capable of providing linear or stepwise linear power adjustment, propor-
tional to the change in frequency between 49,5–49,9 Hz. FFR resources must activate ac-
cording to Table 3.3, i.e. at least activate fully in 1,3 seconds if the grid frequency would
drop to 49,7 Hz. These strict technical requirement poses challenges for finding possible
resources that could fit these markets.

Grid frequency rarely reaches 49,5 Hz (Table 3.6), thus full activation of FCR-D resources
are seldomly required. The grid frequency can sometimes go below 49,9 Hz, but the dura-
tions tend to be rather short, on average less than 10 seconds. Therefore, activation instances
and durations for FCR-D reserve units are quite rare and short, which implies that minimal
stress is put upon resources participating in these markets and therefore costs are avoided.

As can be seen in Figure 4.2, FCR-N reserves are procured close to 100 % every hour of the
inspection period. The procurement capacities are however nearly equal to FCR-D quantities
(Figure 4.4). The average capacity prices are typically around 15–30 EUR/MW. Also, for
FCR-N, capacity prices of 350-500 EUR/MW have been observed, also typically in Q2. In
addition to the capacity price, FCR-N units also receive a balancing energy price for their
net activation energy. Depending on the balancing situation on the mFRR balancing energy
market, there can be quite high upregulation prices and low downregulation prices compared
to the spot price. Therefore, also valuable energy compensations can be obtained through the
provided net balancing energy.

However, the fact that the energy compensation is based specifically on the net balancing
energy also brings up possible issues about the energy compensation’s value. There might
be situations when equal amounts of upregulating and downregulating balancing energy
have been needed during an hour. Thus, there might be situations when the total net balanc-
ing energy will be zero leading to overall no energy compensation. Yet, activation stress has
been inflicted on the resources leading to costs.

The symmetrical requirement of the FCR-N reserve resources poses some difficulties con-
cerning the profitability of attending the FCR-N markets with a single reserve unit type. As
explained in Subsection 3.3.2, both single power plants and consumption sites require par-
ticipation in the spot market in order to be able to provide both upregulation and downregu-
lation capacity in the FCR-N markets. This spot market dependency is challenging for the
optimization of the platform, as double forecasting would be needed. First spot prices would
need to be forecasted and the decision of leaving capacity for FCR-N or other reserve market
allocation would also need to be decided.

Aggregation would be the optimal choice for power plants and consumption sites for avoid-
ing the spot dependency on the FCR-N market. Power plants could provide the required
upregulation by increasing power production and consumption sites could provide the re-
quired downregulation by increasing power consumption. Therefore, there would be no need
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for participating in the spot market prior to participating in the FCR-N market. However,
this would only be a valid solution once the single price imbalance settlement model is
launched, estimated Q4/2021, as for the time being both the power plant and consumption
site is required to be symmetric in an aggregation due to the current separate imbalance
settlements for production and consumption (NBM 2020c, Fingrid Oyj 2020f). Aggregation
would also help small on/off reserve units in participating, as they could be programmed to
start in a cascading manner for balancing needs. Hence, they would output a stepwise acti-
vation curve that would fulfill the linear activation profile requirement of the FCR-N reserve
product.

aFRR has separate markets for up and downregulation, which makes the participation in
them more straightforward than compared to the FCR-N market. The guaranteed capacity
price compensation and possible energy price compensation are tempting properties of the
aFRR market. Activations happen quite often; there have been 90 % downregulating and 80
% upregulating activation needs of the procurement hours during the inspection period. The
average activation energy for downregulation has been approximately 20 MWh/h and for
upregulation around 10 MWh/h. In Figure 4.15, it can be clearly seen that the cumulative
activation energy has been higher for downregulation than for upregulation. Thus, the energy
compensation can be quite fruitful if there are large price differences between the spot and
balancing prices.

Figure 4.15. Cumulative activation energy and maximum capacity price for each quarter on
the aFRR markets.

In Figure 4.15, it is noticeable that the maximum capacity prices have not been nearly as
high as for the FFR, FCR-D and FCR-N markets. The prices have been much more stable,
on average around 10–40 EUR/MW. The main reason for this is that the procurement capac-
ity tends to be much lower than for the other reserve products, typically less than 50 MW/h.
It is also important to keep in mind that the open Fingrid capacity price data (Fingrid Oyj
2020b) includes the average price for each hour and as the bidding mechanism works with
the pay-as-bid principle, the spread of the prices and thus the maximum capacity prices are
difficult to figure out. Therefore, there have most probably been higher obtainable capacity
prices than the informed average prices.
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The 5 MW minimum and maximum bid size of the aFRR market can be an obstacle for many
reserve resources as the required capacity size is quite large compared to the other markets.
For smaller resources, participation would require aggregation. The bid size is however
posed to change to 1 MW around Q2/2021 or later when the common Nordic aFRR capacity
market goes live (Subsection 3.3.3). Also, the common procurement pool will grow from
Fingrid’s national pool size to a common Nordic pool size and the pay-as-bid compensation
logic will be changed to marginal pricing. These changes might induce higher capacity prices
due to the marginal pricing and larger procurement pool or lower capacity prices due to the
higher liquidity of the market.

Predicting the possible balancing energy price compensations and thus the market’s profita-
bility for market optimization will however become more difficult as the gate closure time
of the aFRR market will be changed to before the spot bid gate closure time and price dec-
larations. Double forecasting would be necessary for ensuring profitability on the aFRR mar-
ket. For instance, a power plant with high production costs should not be allocated to the
aFRR market if the spot prices are low, as the balancing price difference to the spot price
could be low and insufficient as well. Therefore, providing balancing power on the aFRR
market could lead to losses, as the total compensations might not exceed the production costs
of the plant.

The mFRR market provides only capacity compensations for the weekly tender mFRR bal-
ancing capacity market participants. Otherwise, reserve units participating in the mFRR bal-
ancing energy markets are not guaranteed any compensations as mFRR activations are not
needed every hour. Downregulating mFRR market activations have been needed around 40
% of the time and upregulation activations have been needed around 30 %. During the hours
when there are activations, the average activation energy is around 60 MWh/h for downreg-
ulation and around 70 MWh/h for upregulation. However, as Figure 4.16 shows, cumula-
tively downregulating balancing energy has been needed more than upregulating balancing
energy. When comparing Figure 4.16 to Figure 4.15, we can see that the activation energy
volumes are larger on the mFRR markets than on the aFRR markets.

Figure 4.16. Cumulative balancing energy volumes per quarter on the mFRR markets.
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Although activations occur less than 50 % of the time on the mFRR markets, there is much
volatility in the balancing energy prices. Figure 4.17 represents the maximum upregulating
prices for the inspection period. Q2 is clearly the quarter with the highest prices. In Q2/2020,
prices of 3500 EUR/MWh were reached, although not nearly reaching to the maximum price
of 5000 EUR/MWh.

Figure 4.17. Maximum mFRR upregulation prices per quarter.

Highly volatile mFRR balancing energy prices introduce opportunities for market optimiza-
tion on the mFRR markets. A hydropower plant could for instance decide not to sell its full
capacity to the spot market but instead leave some capacity for providing upregulating power
to the corresponding mFRR market and receive possibly higher profits than from the spot
market. This is an example of the kind of opportunistic behavior that was discussed earlier
in the end of Section 3.1.  Double forecasting would yet again be required for making this
kind of market behavior profitable.

No strict technical requirements and no prequalification test are required on the mFRR mar-
kets, thus mFRR market entrance is effortless. The only obstacle can be the 5 MW minimum
bid. The minimum is however slowly changing into 1 MW as the Nordic markets are being
implemented into the European markets (Subsection 3.3.3). As mentioned before, it is al-
ready possible to submit one 1 MW bid per BSP to the mFRR markets due to Fingrid’s pilot.
The late gate closure time for the mFRR markets (Figure 3.9) can also be seen as an upside
for the market optimization, as the markets will always be available as a last resort if a re-
serve unit’s capacity has not been accepted or allocated elsewhere.

It is interesting to notice during the inspection period there has been more need for down-
regulating power than for upregulating power when considering the aFRR and mFRR mar-
kets. On the FCR-N market, surprisingly the average net activation energy for each quarter
is zero. When calculating the total cumulative provided energy from the FCR-N market by
taking the absolute value of the net balancing energies, on average the provided balancing
energy has been around 50-60 GWh per quarter (Figure 4.18).
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Figure 4.18. Balancing energy volumes per quarter provided by FCR-N resources.

All in all, the reserve markets have provided more downregulating balancing energy than
upregulating balancing energy during the inspection period. This could be due to the high
penetration of wind energy during the recent years (Figure 4.19).

Figure 4.19. Cumulative total installed wind energy capacity in Finland (IRENA 2020).

The harmonization of European mFRR markets can be foreseen to increase the Nordic
mFRR balancing energy prices. This, on the other hand, also increases the profitability of
participating in the FCR-N and aFRR markets due to their energy compensation which is
dependent on the balancing energy prices. It will, however, remain to be seen if the energy
compensation for aFRR will depend on the mFRR markets once the European markets are
launched. The price increases can be affiliated with a foreseeable demand increase for Nor-
dic balancing power when the thermal market driven European continent and Nordic coun-
tries become more interconnected. Currently, there is almost 4000 MW of interconnection
grid capacity under construction, with a lot more planned, from the Nordic countries to the
rest of Europe (Nordic Power System 2016).
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A remarkable driver for balancing energy demand increase will be the rapidly growing share
of intermittent renewable energy sources in the European countries and the decommission-
ing of conventional fossil fuel based thermal production and nuclear power production. In
Figure 4.20, a clear growing trend can be seen for solar and wind installments. Hydropower
installments seem to be stalling, as the capacity has been growing slowly during the last
decade. As hydropower is typically a good source for flexible power supply, it is troubling
that its capacity has not increased with the same phase as solar and wind’s. Similarly, in-
stalled pure pump hydro storage capacity has only grown from 26 GW to 28 GW during the
last decade (IRENA 2020).

Figure 4.20. Total installed renewable energy capacity in Europe. (IRENA 2020)

With high shares of solar and wind production in the power system, volatility in both day-
ahead and intraday market prices are foreseeable. Fingrid has proposed new price limits of
15000 EUR/MWh and -15000 EUR/MWh for the balancing energy prices. The high prices
function as an incentive to participate in the intraday balancing markets close to the delivery
hour for ensuring the security of the power system and for handling imbalance risks. Mean-
while, the required minimum capacity bids are shrinking, in order to increase the liquidity
on the reserve markets and enable market access for diversified resources. A 15-minute im-
balance settlement period is also under investigation and planned to be implemented. This
will aid in minimizing the forecast error with real-time production, thus enhancing the effi-
ciency of the intraday and day-ahead markets. (Fingrid 2017.)
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5 The Reserve Portfolio of Suomen Voima and Value Gain
Modelling

This thesis aims to find out if it is profitable for Suomen Voima to participate in Fingrid’s
reserve markets with a reserve portfolio that consists of different power resources owned by
Suomen Voima’s shareholders. In order to estimate the possible profitability, a financial
model was built that aims to mimic the basic functionalities of the platform, i.e. price opti-
mizing reserve resource allocation to different reserve markets. Thus, the financial model
works as a simplified prototype of the conceptualized platform.

The prototype can be utilized to model both power plants and consumption sites as solo or
aggregated. In aggregations, the profitability is viewed from the perspective of the focused
reserve resource, i.e. the model shows the share of profits that belongs to the focused reserve
resource based on the share of contribution in the aggregation. In a wider perspective, the
aforementioned benefit sharing model of the aggregation and the platform revenue streams
will in reality be more complex than presented in the model.

Aggregation is an important property of the whole optimization task as it allows reserve
resources of small capacities and limited activation profiles to participate in more markets.
The broadened market participation can either be an outcome of a larger capacity that over-
comes the minimum bid of different reserve markets or the enabled flexibility in the activa-
tion profile due to the aggregation. Higher market participation leads to more choices for the
optimization which leads to more possible revenue streams and therefore higher profits.

By implementing the prototype to model the different possible reserve resources of the re-
serve portfolio, it is possible to form a rough estimate of what the profits could have been
based on historical data for the inspection period Q1/2018–Q2/2020. The profits are, of
course, rather hypothetical, but downside possibilities, i.e. overestimation of the profits have
been aimed to be minimized by utilizing certain conditional clauses, so that the possible
estimation errors would be rather more emphasized towards providing more upside than
downside opportunities for the profits.

As presenting the complete true reserve portfolio of Suomen Voima is confidential due to
the wishes of Suomen Voima’s owners, the portfolio has been chosen to be presented with
slight simplifications. Modelling scenarios will be only presented for a power plant as they
make up most of the reserve portfolio’s capacity. The modelling outcomes will be presented
in a censored fashion aiming to still provide an approximate picture of the profitability level.
With the modelling outcomes for the example power plant, it is possible to evaluate the
rationality of participating with the reserve portfolio in the reserve markets.

5.1 The Platform Prototype

5.1.1 The Design Phase, Framework and Assumptions of the Prototype
The purpose of the prototype is to mimic the functionalities of the conceptualized platform.
It is constructed with Excel and includes historical hourly market data from the time period
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of Q1/2018–Q2/2020. The data is mainly gathered from Fingrid’s open data platform (Fin-
grid Oyj 2020b) and consists of e.g. procurement, price and activation data for all Fingrid’s
reserve markets.

A big part of building the prototype consisted of cleaning and organizing the data. For in-
stance, some hourly data was missing for different markets and therefore there was a need
for interpolation for filling in missing values. In practice, this was conducted by taking the
average of the two nearest data points. This is clearly an oversimplification for filling in the
missing data but, fortunately, missing data only accounted for much less than 1 % of all the
data. Therefore, the data can be concluded to still be very reliable.

With the prototype, it is possible to model both power plants and consumption sites either
as solo or aggregated. The most important parameters in the model that diversifies the dif-
ferent power plant resources from each other is the capacity size and production cost. De-
mand sites are only differentiated by the capacity size. As a note, demand sites are tricky to
model in the sense that it is hard to put a monetary value on the utilization intent of electricity
consumption. It can be used for different purposes, such as residential heating, lighting or
industrial production. When regulating, it is hard to define what the gained or lost monetary
value of consumption is compared to power plants, which either produce more or less power
for a clearly defined mFRR upregulation or downregulation price.

If a power plant or demand site is offered to the different markets as solo, the revenues go
100 % directly to the offered resource. If they are offered to the markets as aggregated, then
the revenues are split according to the portion of capacity they provide for the offered full
aggregated capacity. As mentioned before, this assumption is an oversimplification, as in
reality the participation in, e.g., upregulating energy production might vary due to the dif-
ferent activation profiles of the aggregated resources.

Through the prototype, the resources can be offered to different reserve markets with market
specific parameters, which mainly includes the bid size, bid price and possibly an assump-
tion for provided activation energy. Activation energy assumptions are needed if there is
activation energy data missing, as is the case for the FFR and FCR-D markets. For these two
markets, the activation energy assumption is only a precaution for decreasing downside po-
tential for the modelling results, as for power plants only production costs are incurred with-
out any compensating energy compensation. Demand sites would decrease their consump-
tion in case of upregulating power demand on the FFR and FCR-D markets, but the value of
the lost consumption is omitted as it is hard to put price tag on the lost consumption as
mentioned earlier.

Only precise activation energy data is provided for the aFRR and mFRR markets, thus there
is a need for assuming the activation energy for the other markets. Only net activation energy
data is provided for the FCR-N market, which makes modelling of the FCR-N market tricky.
Power plant production costs are incurred when upregulating and production costs get re-
duced when downregulating. As only the net activation energy is provided, it is impossible
to tell how much true regulation has occurred during the given hour.

Fingrid’s open database provides total ordered activation energy from the mFRR balancing
energy markets in Finland. It is however difficult to estimate how many bids have been ac-
tivated and for how long with this information. The prototype assumes that the closer the bid
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price is to the spot price relative to the balancing energy price, the earlier the reserve unit is
activated and therefore more regulating power and activation energy is provided. This is
however not accurate as the different bid prices and therefore the number of bids on the
mFRR markets are impossible to figure out.

Therefore, in order to reduce the risk of downside, a limit on the provided activation energy
is included in the prototype. It is crucial to avoid overestimations on the mFRR balancing
markets as the revenues are only dependent on the provided activation energy and the bal-
ancing price. Hence, modelling results for the mFRR markets should be taken with caution.

Markets such as FCR-D and FCR-N can also accept bids partially, but the prototype omits
this choice, therefore there is some small potential for upside as the omitted bids in the pro-
totype could in reality be accepted partially. The prototype assumes that only bids with of-
fered capacity prices which are smaller than the reserve market marginal capacity price are
accepted. In reality, even bid prices that equal the marginal market prices could be accepted
as bids with equal prices are in reality accepted in time order of submission.

The prototype models only by utilizing a single bid capacity size and price for the whole
inspection period. In reality, the submitted bids to the markets should be bid in an opportun-
istic fashion and would vary according to the market sentiment. For instance, a hydropower
plant might not always be able to provide flexible power to the reserve markets due to high
water inflow and therefore reduced flexibility would not always be available for participating
in the reserve markets. A diesel generator might change its preferred minimum capacity price
according to fuel and carbon allowance prices. Therefore, the prototype’s single bid capacity
size and price strategy is not realistic and in reality, bidding should be performed in an opti-
mized fashion.

If the reserve portfolio resources can participate in more than one market, then the platform
will strive to optimize the allocation of the resources to the different markets so that the
profits will be maximized (Figure 5.1). This requires market forecasting, which will be an
essential component of the platform. The different required components and attributes of the
platform will be more thoroughly presented and discussed in Chapter 6.

Figure 5.1. The main idea of market optimized allocation of Suomen Voima’s reserve re-
source portfolio.

The market optimization in the prototype is conducted by prioritizing market allocation to
the market from where highest profits could be gained. Hitting the correct market every hour
is, of course, theoretical and nearly impossible to achieve. The aim is however to prove and
quantify that attempting to optimize the resources to multiple and highest value markets will
yield significantly more profits than not optimizing at all.
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The reserve market timeline shown earlier in Figure 3.9 is extremely important when at-
tempting to optimize market allocation. Due to the timeline constraints, different bid paths
are formed for the resources. The paths are to a large extent determined by if resources are
offered to the spot markets or not. These different bid paths will be introduced for both power
plants and consumption sites in the following Subsection 5.1.2.

5.1.2 Reserve Market Bid Paths
Reserve market bid paths are formed due to the bid timeline constraints presented earlier in
Figure 3.9. A reserve resource that can participate in multiple markets can be offered to the
markets via different bid paths. Bidding on one market might close out other markets as their
bid timelines overlap. It is also forbidden to be accepted on more than one market with the
same capacity during the same hour. Therefore, a reserve resource must be bid to only one
market at a time.

For both power plants and consumption sites, being coupled to the spot market with the
whole capacity has consequences on the available market options. Optimizing resource al-
location with involving the spot market is difficult, as double forecasting would be required.
Therefore, by default the reserve market optimization should be mainly exercised without
allocating the whole capacity to the spot market.

Figure 5.2 shows the possible bid paths for a power plant reserve unit in different scenarios.
As the figure shows, participating in the spot market has a significant effect on the possible
reserve market options. If the whole capacity would be accepted on the spot market, then the
only remaining reserve markets would be downregulating aFRR and mFRR including Nord
Pool’s Elbas market. If the aFRR bid would not be accepted, then there would be a chance
to still participate in the mFRR or Elbas markets.

Figure 5.2. Reserve market bid paths for a power plant in different scenarios.

The far-left scenario, i.e. not participating in the spot market opens many upregulating re-
serve market options for the power plant. For instance, the reserve unit could be offered first
to the aFRR market and if not accepted, the FCR-D market would still be an option. If not
accepted neither there, the unit could still be offered to the upregulating mFRR and Elbas
markets. If the capacity would not be bid on the aFRR market, it could be bid directly on
either the FCR-D or FFR market, or on both through a combination bid (Subsection 3.3.1).
If not accepted, the upregulating mFRR and Elbas markets would remain as options as in the
bid path for aFRR.
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The far-right scenario, i.e. participating with 50 % of the capacity in the spot market unlocks
the FCR-N bid option. The spot market allocated capacity would be able to downregulate
and the remaining capacity can be used for upregulation. Otherwise the available bid paths
resemble the far-left scenario except that capacity could be bid on either or both upregulating
and downregulating markets with smaller bid sizes.

Figure 5.3 shows the bid paths for a consumption site in different scenarios. The possible
bid paths remain the same as for a power plant except that the availability to participate in
upregulation or downregulation markets are swapped depending on spot market participa-
tion. A consumption site consuming electricity with full capacity bought from the spot mar-
ket can participate only in upregulating markets. The situation would be vice versa if not
participating in the spot market, downregulating power can be provided only by increasing
power consumption, i.e. with the capacity not offered to spot market.

Figure 5.3. Reserve market bid paths for a consumption site in different scenarios.

The different bid path constraints lead to challenges in performing market optimization.
Choosing to bid on one market might close out other markets. Double forecasting is required
on certain markets which lowers the correct optimization forecasting. Knowing the spot
prices after their declaration sets a threshold on the balancing energy prices and gives guid-
ance on participating in markets such as FCR-N, aFRR and mFRR. For instance, with high
upregulating balancing energy prices the aFRR market will be much more inviting than the
FCR-D market due to the received additional energy price compensation.

In order to avoid double forecasting, reserve units should not be bound fully to the spot
markets. However, the market optimization tactic depends much on the type of resource in
question, as certain power plants such as RoR hydropower plants should be by default often
offered to the spot markets. Some of the plant’s capacity could be left out of the spot market
and utilized instead on the reserve markets. Thus. the plant could possibly provide both up-
regulating and downregulating power for Fingrid’s balancing services.

Participating solely with a power plant or consumption site on the FCR-N market can be
difficult as double forecasting would be and the capacity price would only be based on 50 %
of the allocated 100 % capacity as the compensation is only awarded to the capacity that is
able to regulate. A clearly better choice would be to aggregate a power plant with a con-
sumption site once the single price imbalance settlement model gets launched. Then, no par-
ticipation in the spot market would be required as a power plant could provide upregulation
and a consumption site could provide downregulation.
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5.2 Power Plant Modelling Scenarios, Results and Conclusions
This section will cover different modelling scenarios and present their profitability out-
comes. For the different scenarios, a power plant will be used as an example resource for the
prototype. Using a power plant for the modelling scenarios can be rationalized by that the
reserve portfolio consists mainly of power plants. For the base case scenario, the used bid
prices will be the inspection period’s average capacity and balancing energy market prices
shown in Table 5.1. The bid size for the scenarios will be 1,0 MW and the bid size require-
ments of each market will be omitted.

Table 5.1. The bid prices in the base case scenario represents the inspection period’s aver-
age prices for each market.

For the base case scenario, an ideal 1,0 MW power plant with a relatively high production
cost that fulfills all the requirements of each reserve market will be modelled by applying
the base case scenario bid prices. The resources will be offered either to each market sepa-
rately (single market allocation) or by utilizing the optimizing platform. The results will be
shown, compared and discussed. Finally, a sensitivity analysis will be performed which will
include three different scenarios.

The main focus of the modelling scenarios will be on the profits and the allocation percent-
ages, i.e. how many hours of the quarter, year or inspection period the resource has been
allocated to a certain reserve market. Therefore, in a sense the allocation percentage repre-
sents the utilization rate of the resource. Due to confidentiality reasoning as explained earlier,
the profitability graphs will only be shown as relative. Indeed, this lowers the quality of the
presented analyses but yet gives some insight on the value and meaning of participating in
the reserve markets.

5.2.1 Base Case Scenario
Figure 5.4 represents the ideal power plant’s annual relative profits per hourly market, when
the 1,0 MW resource is allocated separately to each market (single market allocation) during
the inspection period. Figure 5.5 shows its allocation percentage per year, i.e. how often the
resource has been allocated and accepted to each market. The profits represent the revenues
from the reserve and possible spot markets subtracted by production costs and possible pay-
ments to Fingrid that might occur when participating in downregulation markets. The profits
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in the following figures therefore represent the operating profits of the example resource
(Investopedia 2020). However, for simplicity, the term ‘profits’ will be used.

Figure 5.4. Relative profits on each reserve market per year for single market allocation.

Figure 5.4 shows that the most profits could be earned by allocating the 1,0 MW power plant
to the FCR-D market where the profits are in the tens of thousands of euros per year. Figure
5.5 reveals that these levels could be reached by allocating the capacity to the market be-
tween 5–10 % of the time per year. Figure 5.6, which presents the same information as Figure
5.4, but on a quarterly level, indicates that clearly the FCR-D profits are gained to a great
extent in Q2 each year. This result was rather predictable based on the results found earlier
in Section 4.1. Figure 5.7 shows that in Q2 the allocation percentage on the FCR-D market
would be between 30–40 % which in practice means that the resource would be ready for
providing upregulating power approximately one third of the time in Q2.

Figure 5.5. Allocation percentage per year for single market allocation. The FFR column
can be misleading as it involves only data from May 2020.
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The next best performing market is the aFRR upregulation market with 30 % less profitabil-
ity than the FCR-D market during the whole inspection period. Figure 5.5 shows that the
required participation percentage on this market to reach the profits is 15 %, therefore higher
than the FCR-D market. As can be seen in Figure 5.6, the profits are gained in an irregular
pattern during the inspected years with Q2 and Q3 being the best performing quarters. This
argument is backed up by Figure 5.7, where the allocation percentage is emphasized on these
quarters.

Figure 5.6. Relative profits on each reserve market per quarter for single market allocation.

The FCR-N market is the third most profitable market, close after the aFRR upregulation
market. The required profitable allocation percentage is higher than for the FCR-D and aFRR
upregulation markets, on average approximately 20 % (Figure 5.5). Figure 5.6 shows that
the profits are gained mainly in Q2 and Q3. These are also the quarters when the allocation
percentage is at its highest (Figure 5.7). The peak allocation percentage occurs in Q3/2018
at over 50 %. Otherwise, the allocation percentage is between 20–30 % in Q2 and Q3. Q1
and Q4 quarters have the lowest allocation percentages.

Performing well on the FCR-N market with a single resource is however difficult. Partici-
pating in the spot market is required and therefore double forecasting and getting accepted
on both markets would be needed. The decision of leaving possible capacity for upregulation
needs to be decided before participating in the spot market, therefore a risk is taken for leav-
ing capacity unused if accepted on the spot market but not on the FCR-N or other reserve
markets. Thus, there are risks related to FCR-N market participation for a single power plant.



59

Figure 5.7. Allocation percentage per quarter for single market allocation.

The mFRR upregulation market has also potential for being a profitable market for a power
plant. In the modelling scenario, the profits are almost 50 % less than on the FCR-D market
and 30 % less than on the FCR-N and aFRR upregulation market. Similarly, as for the aFRR
upregulation market, the profits seem to be following an irregular pattern (Figure 5.6). On
average, the allocation percentage for reaching these profits on the mFRR upregulation mar-
ket has been around 5 % (Figure 5.5).  By inspecting the quarterly allocation percentages in
Figure 5.7, the maximum has been around 10 %.

The FFR market is a very promising upregulation market providing high capacity prices.
Therefore, even though the market has only been live for only two months of the inspection
period, high profits have been realized in Q2/2020 (Figure 5.6). During Q1–Q2/2020, the
profits have been close to the profits of the FCR-D market, but with a lower allocation per-
centage (Figure 5.7).

The aFRR and mFRR downregulation markets have only been slightly profitable. The aFRR
downregulation market’s profits are 80 % less than FCR-D market’s profits. The profits of
the mFRR downregulation market are close to zero. This makes sense, as the performance
of power plant’s on downregulation markets are very dependent on the spot price and the
production cost of the resource. The capacity price compensation received on the aFRR mar-
kets is a guaranteed compensation that aids in increasing the profitability of the resource if
the spot price would be less than its production cost. Thus, the allocation percentage should
be higher for participating in the aFRR downregulation market compared to the mFRR
downregulation market as is proven in Figure 5.7.

As a summary, participating in the different reserve markets separately yields varying results
depending on which market the resource is allocated. The average allocation percentages are
overall fairly low, at most around 20 % for the FCR-N market. The most profitable markets,
FCR-D and aFRR upregulation, are quite riskless to participate in. The FCR-D market has
rarely any activations and therefore the profits typically equal the capacity compensation.
Activations occur more often on the aFRR upregulation market, but a balancing energy price
is compensated for the provided energy. The balancing energy price can vary providing op-
portunities for high profit gains. The link between the balancing energy price and the spot
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price as a floor price offers guiding for providing an incentive on when to allocate to the
market and when to avoid the market.

The FCR-N market was the third most profitable, close behind the aFRR upregulation mar-
ket. Risk for allocating unprofitably is high as double forecasting is needed and a decision
to allocate half of the capacity to the spot market leaves a possibility for losing potential
profits on other markets. Bidding on the mFRR upregulation market does not guarantee any
compensation as activations do not always happen. However, it has the latest bid closing
time (D-45 min, Figure 3.9), thus forecasting the balancing energy prices can be quite accu-
rate and give guidance on when to participate in the market. The FFR market seems very
promising and it will remain to be seen how long the high capacity prices will hold. The
profitability has been the lowest for the aFRR and mFRR downregulation markets, where
the profitability is very much dependent on the gap between the spot price and production
cost of the power plant resource. Thus, participating in these markets is to a great extent
settled by the resource’s production cost.

Figure 5.8. The reserve resource’s annual profits per market by utilizing the optimizing
platform. The dashed columns represent the previous single market allocation profits (Fig-

ure 5.4).

The profitability of the reserve resource surges when it is allocated to the different markets
via the optimizing platform. Figure 5.8 demonstrates the profits gained from each market by
market optimizing the reserve resource. The sum of these represents the accumulated total
profits of the platform that could be obtained theoretically. The profitability difference of
the platform compared to allocating the reserve resource separately to each market (single
market allocation) during the inspection period is shown in Figure 5.9.
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Figure 5.9. The difference in profitability per year between single market allocation and
the optimizing platform.

The profits of the platform are nearly threefold compared to the best performing market for
each year. It is also surprising to see that for each year the profits of the platform are almost
exactly the same. Even though only two quarters are examined in 2020, the profits are al-
ready on the same level as for 2018 and 2019. One of the reasons for this coincidence is the
addition of the new FFR market in Q2/2020. As can be seen in Figure 5.8, the FFR market
is clearly the most valuable market with data being available only from May 2020.

Figure 5.10 visualizes on a quarterly level the relative profits gained from each market with
the optimizing platform. The most profitable markets are, in order, the FCR-D, aFRR upreg-
ulation, mFRR upregulation and FCR-N markets. For the whole inspection period, the prof-
its gained on the FCR-D market with the platform compared to the single market allocation
are 20 % less. The profits gained from the aFRR upregulation market via the platform is 30
% less than the platform’s FCR-D market. The profits gained from the mFRR upregulation
and FCR-N markets are nearly the same and they are approximately 40 % less than the plat-
form’s FCR-D market.

As Figure 5.10 shows, the FCR-D profits originate for the most part from Q2 each year.
Overall, the Q2 is also the most profitable quarter for the optimizing platform. Q1 and Q4
are the least profitable quarters. A reason for this could be the colder weather which influ-
ences the activation of CHP plants, which increase the power system inertia and provide a
robust source of baseload power and possible flexibility. In addition, many hydropower
plants are capable of providing upregulation power, for instance, for the FCR-D market,
which might lower the hourly prices.
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Figure 5.10. The reserve resource’s quarterly profits per market by utilizing the optimizing
platform. The dashed columns represent the previous single market allocation profits (Fig-

ure 5.6).

The difference between the single market allocation and the optimizing platforms profitabil-
ity per quarter are visualized in Figure 5.11. It is visible that in each quarter the platform
beats the single market allocation strategy. This is of course a clear result as the platform
strives to find the highest valuated markets to allocate the resource to. Only in Q1/2019 the
optimizing platform’s benefit is only marginal but otherwise the benefits gained are substan-
tial. For example, on average almost 60 % more profits can be realized with the platform in
Q2.

Figure 5.11. The difference in profitability per quarter between single market allocation
and the optimizing platform.

Figure 5.12 shows the market allocation percentage of the platform on an annual level. Even
though the FCR-D market is the most profitable market, the market allocation percentage is
not the highest. The situation is rather similar as in the case for single market allocation
(Figure 5.5) with the FCR-N market having the highest allocation percentage. However, it
is noteworthy to mention that the cumulative allocation percentage of the resource rises to
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around 40 % for the whole inspection. The difference of the allocation percentage of the
platform compared to the single market allocation is shown in Figure 5.13.

Figure 5.12. The market allocation percentage per year of the optimizing platform.

In the single market allocation scenario, the market with the highest allocation percentage,
FCR-N, was on average 20 %. It is possible to raise the profitable utilization rate of the
resource with Table 5.1 parameters up to average 40 % by offering the resource to the dif-
ferent markets with the platform. Therefore, the benefits gained through the optimizing plat-
form for a reserve resource are significant.

Figure 5.13. Comparison of annual allocation percentages between single market allocation
and the optimizing platform.

Figure 5.14 shows the platform’s allocation percentage on a quarterly level. At highest, the
allocation percentage reaches 60 %. During these quarters, more than half of the time the
resource could have been occupied and been ready to provide balancing power on different
reserve markets. Each quarter involves the FCR-N, aFRR and mFRR upregulation markets.
During Q3/2018–Q2/2020 downregulation markets have also been viable choices for the
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platform. The FCR-D market seems to only have value in Q2 and the FFR market has been
a popular choice since it went live due to its very high capacity prices.

Figure 5.14. The market allocation percentage per quarter of the optimizing platform.

Finally, Figure 5.15 shows the allocation percentage difference on a quarterly level between
the single market allocation strategy and the optimizing platform. Per quarter the optimizing
platform has typically a 10 % higher allocation percentage than the highest single market
allocation percentage. Even for the optimizing platform, the Q1 and Q4 quarters have the
lowest allocation percentages.

Figure 5.15. Comparison of quarterly allocation percentages between single market alloca-
tion and the optimizing platform.

Satisfying profits are available to be collected for the 1,0 MW power plant by only following
the single market allocation strategy. Utilizing the optimizing platform increases the market
allocation percentage and therefore increases the available profits dramatically. The FCR-D
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market has been the most profitable market for the single market allocation strategy. How-
ever, the profits mainly come from Q2 and therefore the power plant’s utilization rate would
drop to zero for the rest of the year. With the optimizing platform, smart allocation could be
realized to other markets as well, leading to increased profits.

In the presented scenarios the power plant is capable of participating in every market which
in reality would be rare and also for the 1,0 MW bid size, for the time being, impossible. For
instance, the aFRR market would be out of reach due to not fulfilling the required 5 MW
capacity bid size. The mFRR market is also questionable as the regular required bid size
capacity is 5 MW, but the pilot has enabled minimum 1 MW bid sizes, however only one
per BSP. As the bidding would be performed in an optimized fashion for a whole portfolio,
the 1 MW bid might go to another power plant and thus the mFRR market would not be
available for this modelled power plant. Fortunately, both the aFRR and mFRR markets will
be available for 1 MW power plants in the future, as was revealed earlier in Subsection 3.3.3.

Rather riskless markets for a power plant are the FFR, FCR-D, aFRR and mFRR upregula-
tion markets as they do not require any spot market participation. Knowing the spot prices
and the power plant’s production cost in advance, gives guidance on if participating in the
FRR markets could be profitable. Thus, the optimizing platform should aim to perform op-
timization in market allocation between the mentioned markets. The bidding should be con-
ducted in an opportunistic manner, i.e. the bid prices should vary depending on the market
sentiment which would increase the revenue streams.

The modelling scenario results only involve market allocation when no losses are incurred.
Therefore, both the single market allocation and platform optimization results are on a rather
optimistic level. However, for many markets the used average bid prices (Table 5.1) are
rather high and therefore the opportunistic bidding behavior could increase the revenue
streams which would bring the true profits closer to the obtained optimistic results. Also, the
model’s aim to provide more upside opportunities (Subsection 5.1.1) might help in raising
the profits. Therefore, the single market allocation results might even be possible to obtain.
On the other hand, the optimizing platform results are nearly impossible to achieve, as it is
very difficult to predict which market will be the most profitable. However, it is expected
that the optimizing platform should always beat the single market allocation due to the larger
and more versatile revenue streams and would therefore be a very useful tool for participat-
ing in the reserve markets and function as a catalyst for increased profits.

5.2.2 Sensitivity Analysis – Scenario 1: Low Bid Prices
A sensitivity analysis examines the modelling results with changing model input parameters.
Therefore, model uncertainty factors can be taken into account and it is possible to examine
how changing the parameters and involving uncertainties changes the modelling results.

The previous presented modelling results involved a power plant which would optimistically
fit every possible reserve market. In reality, many power plants would only fit some markets
alone and some markets as aggregated. Markets such as FFR and FCR-D, might not be pos-
sible due to the strict technical requirements. The market fit issue will become apparent in
the next section, when the potential of Suomen Voima’s reserve portfolio will be reviewed.
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Next, three sensitivity analysis scenarios for the optimizing platform will be modelled and
reviewed on an annual level. The same bid size of 1,0 MW and production cost will be used
for all the scenarios. The first and second scenario will examine the effect of bid prices on
the performance of the optimizing platform. The third scenario will involve allocation only
to some markets.

For the first scenario, the bid price will be lowered by 50 % and in the second scenario raised
by 50 % compared to the base case scenario. The third and last scenario will involve only
the FCR-D, aFRR and mFRR upregulation markets with Table 5.1 bid prices, as some power
plants could potentially fit these markets. A 1,0 MW bid size does not qualify for the aFRR
market but in order to participate, we can imagine that the power plant would be aggregated
together with 4,0 MW of other capacity.

Table 5.2. Scenario 1 and 2 bid prices.

Table 5.2 shows the used bid prices for Scenario 1 and Scenario 2. Figure 5.16 shows the
optimizing platform’s profits per market for the first scenario with the 50 % lower bid prices.
It is very interesting to notice that by lowering the bid prices with 50 % compared to the base
case scenario, the overall total profits for the whole inspection period stays nearly the same.
The profits gained in the base case scenario via the FCR-D market decrease by 10 % and the
profits for the FCR-N market increase by 13 %. For the FCR-D market, the fall in profits are
mainly due to the profit swap from the FCR-D market to the FFR market in Q2/2020 for
which the profits are increased by 60 %.

Figure 5.16. The reserve resource’s annual profits per market by utilizing the optimizing
platform in Scenario 1. The dashed columns represent the base case scenario’s profits (Fig-

ure 5.8).
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The aFRR upregulation profits are decreased by 30 % and the downregulation profits de-
creased by 10 %. This is due to the pay-as-bid pricing mechanism, lower bid prices get more
accepted, but the hourly returns are smaller. The mFRR markets profits stay nearly the same
as in the base case scenario.

Figure 5.17. The market allocation percentage per year of the optimizing platform in Sce-
nario 1. The dashed columns represent the base case scenario’s allocation percentage (Fig-

ure 5.12).
Lowering of bid prices leads to a clear increase in allocation percentage per year (Figure
5.17). The allocation during the inspection period leads to an overall 10 % increase compared
to the base case scenario, from 40 % to 50 % allocation. The FCR-D allocation increases on
average by 8 % for Q2/2018 and Q2/2019 but decreases in Q2/2020 to leave space for FFR
allocation which increases by approximately 15 % compared to the base case scenario. The
FCR-N allocation rises by 5 % overall, for some quarters almost by 15 %.

The aFRR downregulation market allocation shrinks marginally and the aFRR upregulation
market rises by 5 %. The rise in allocation is weighted on the period of Q3/2019–Q2/2020
where the allocation percentage for the most part is almost 25 %. For the mFRR markets,
the allocation percentage shrinks marginally.

Figure 5.18. Profitability difference per year between single market allocation and the opti-
mizing platform in Scenario 1. The dashed columns represent the base case scenario’s

comparison (Figure 5.9).
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Finally, Figure 5.18 shows the difference between single market allocation and the optimiz-
ing platform’s profitability differences in Scenario 1. The single market allocation profit
distribution profile for the different markets looks rather similar compared to the base case
scenario. The FCR-D, FCR-N and aFRR upregulation markets are the most profitable. The
FFR market has also been incredibly profitable even for its short period of existence. The
FCR-D profits remain the same and the FCR-N profits have increased by 10 % compared to
the base case scenario. The aFRR downregulation market has increased by 20 % but the
upregulation market has decreased by 15 %. The mFRR downregulation market has shrunk
by 40 % and the upregulation market has remained the same. The FFR market has increased
by 60 %. The optimizing platform’s profits are the same as the base case scenario, however
the annual distribution has switched to being more weighted on the year 2020 due to the FFR
market.

As a summary, lowering all the bid prices by 50 % does not have an effect on the optimizing
platform’s profitability. Some markets deliver higher profits and some deliver lower profits.
The benefits ot the platform compared to single market allocation are above twofold. The
allocation percentage is 10 % higher than the base case scenario’s even though the profits
are not increased. This is not advantageous as there is more risk for allocating in a manner
where losses can occur. Also, the utilization rate of the resource increases which lowers the
lifetime of the resource depending on what markets it is allocated to. Thus, bid prices opti-
mization for markets should be conducted in a more market specific manner.

5.2.3 Sensitivity Analysis – Scenario 2: High Bid Prices
In Scenario 2, we examine the effect of high bid prices on the performance of the optimizing
platform, its allocation percentage and the profitability difference between single market
allocation and the optimizing platform. The bid prices are raised by 50 % compared to the
base case scenario (Table 5.2).

Figure 5.19 shows the resource’s profits gained per market on annual level by utilizing the
optimizing platform. Overall, many of the different market profits are lower compared to the
base case scenario. For the whole inspection period, the FCR-D market is 10 % higher, the
FCR-N market 5 % lower, the aFRR downregulating market 20 % lower, the aFRR upregu-
lating market 85 % lower, the mFRR downregulating market 90 % higher and the mFRR
upregulating market stayed the same. The FFR market was out of reach with the high capac-
ity price as the maximum market prices have not gone above 100 EUR/MW. This is also the
main reason for FCR-D market’s profit increase. Therefore, overall, the optimizing plat-
form’s performance is nearly 30 % weaker than the performance in the base case scenario.
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Figure 5.19. The reserve resource’s annual profits per market by utilizing the optimizing
platform in Scenario 2. The dashed columns represent the base case scenario’s profits (Fig-

ure 5.8).

The main reason for the large decrease in performance for the aFRR upregulation market is
that the bid price is too high and therefore they do not get accepted on the market. Figure
5.20 shows that the aFRR upregulation allocation is minimal, a 90 % decrease compared to
the base case scenario. The situation is similar for the aFRR downregulation market which
witnesses a 35 % decrease in allocation. Overall, the allocation percentage is only 25 % for
the optimizing platform, a 15 % decrease compared to the base case scenario.

Figure 5.20. The market allocation percentage per year of the optimizing platform in Sce-
nario 2. The dashed columns represent the base case scenario’s allocation percentage (Fig-

ure 5.12).

For the single market allocation shown in Figure 5.21, the market profits for FCR-D, FCR-
N and mFRR upregulating market remain almost the same with approximately 5–10 % de-
crease per market. The FFR market falls to zero profits due to the same reason as explained
earlier. The aFRR downregulating market profits fall by 35 % and the upregulating profits
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by 85 %. The mFRR downregulating market surges by 90 % but the profit gains are marginal
compared to the performance of the other markets. The benefits of the optimizing platform
fall to being approximately twofold compared to single market allocation.

Figure 5.21. The difference in profitability per year between single market allocation and
the optimizing platform in Scenario 2. The dashed columns represent the base case sce-

nario’s comparison (Figure 5.9).

Raising the bid prices decreases the profits of the optimizing platform by 30 %. This is
mainly due to the underperformance of the aFRR markets and the disappearance of the very
profitable FFR market. The allocation percentage and therefore the utilization rate for the
resource falls by 15 % down to 25 % for the whole inspection period. A similar conclusion
as to Scenario 1 can be declared, bid optimization for the different markets should be con-
ducted in a market specific manner and raising or lowering the bid prices should be exercised
opportunistically.

5.2.4 Sensitivity Analysis – Scenario 3: Specific Market Participation
For the third and last sensitivity analysis scenario, the bid prices are brought back to the base
case scenario values (Table 5.1). The power plant reserve resource is now allocated only to
three markets, the FCR-D, aFRR and mFRR upregulation markets. This combination of mar-
kets is rather riskless and realistic market choices for a power plant that would be capable of
providing fast upregulation, produce a linear activation profile and could provide power for
a long-term period. The market bid size will be kept as 1,0 MW. Possible power plant types
that could fit these markets and fulfill the necessary technical requirements could possibly
be hydropower plants, gas turbines and diesel generators.
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Figure 5.22. The reserve resource’s annual profits per market by utilizing the optimizing
platform in Scenario 3. The dashed columns represent the base case scenario’s profits (Fig-

ure 5.8).

In Figure 5.22 can be seen that the main part of the profits of the optimizing platform come
from the FCR-D market. Compared to the base case scenario, the profits from the FCR-D
market have increased by 20 %. The second most profitable market is the aFRR upregulation
market, where the profits have increased by 8 %. The mFRR upregulation market’s profits
remain nearly the same, approximately 5 % more than the base case scenario’s. Overall, the
total market optimization profits are 25 % less than the base case scenario’s even though 4
markets are not in the allocation pool.

Figure 5.23. The market allocation percentage per year of the optimizing platform in Sce-
nario 3. The dashed columns represent the base case scenario’s allocation percentage (Fig-

ure 5.12).

The average total allocation percentage of Scenario 3 is 25 % (Figure 5.23), approximately
the same as in Scenario 2 and 15 % less than in the base case scenario. The highest allocation
percentage involves the aFRR upregulation market with around 10 %. The FCR-D market



72

is close behind with a little under 10 % and the mFRR upregulation market has a 5 % allo-
cation percentage. Compared to the base case scenario, all of the markets have undergone a
rise in the allocation percentage: FCR-D the most with 25 %, mFRR with 20 % and the aFRR
market with a 10 % increase.

Figure 5.24. The difference in profitability per year between single market allocation and
the optimizing platform in Scenario 3. The dashed columns represent the base case sce-

nario’s comparison (Figure 5.9).

Figure 5.24 shows that the total profits could be doubled compared to the most profitable
market, FCR-D, if the optimizing platform would be used for allocating the resource to the
three different markets. This is a rather realistic scenario if the reserve resource would pass
the prequalification tests to the FCR-D and aFRR market. However, for the time being, the
1,0 MW power plant would need to be aggregated in order to fulfill the 5 MW bid size
requirement on the aFRR market. By inspecting the bid paths in Figure 5.2, the resource
could be offered to the markets with no bid timeline overlap. Also, no spot participation
would be required. Knowing the spot prices aids in making a choice between the FCR-D and
FRR markets as with high spot prices, it would probably be more profitable to participate in
either one of the latter markets due to the possible high balancing energy compensation.

5.3 The Potential of Suomen Voima’s Reserve Portfolio
A preliminary survey was sent to the owners of Suomen Voima in spring 2020. The objective
of the survey was to find out what kind of possible resources each owner has that could
potentially serve in Fingrid’s reserve markets. The survey was a fillable form which included
questions about the quantity of possible reserve units, the reserve types, their current statuses
and their capacities including some other minor technical details.

Nearly half of the owners informed that they have resources that could possibly be allocated
to the reserve markets. The total capacity of these resources was approximately 30 MW. In
total 18 resources with varying capacities were informed. 15 of these were power plants and
3 were consumption sites. According to the information provided by the owners about each
resource, a preliminary market fit of each resource could be formed. The resources and their
hypothetical market fit in Q4/2020 is shown in Table 5.3.
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Table 5.3. The preliminary reserve portfolio of Suomen Voima and the resources’ hypo-
thetical market fit in Q4/2020.

The market fit obeys the current technical and bid size requirements of the different markets.
With the current information about the different resources, it is difficult to estimate what
technical requirements the resources can truly fulfill. Some gas turbines and diesel genera-
tors are only capable of fulfilling an on/off activation profile and therefore their market par-
ticipation is limited as they do not fulfill the requirements of the FCR markets. Strict activa-
tion times can only be verified by the Fingrid’s prequalification tests. Hydropower plants
might not always be available for adjusting power production as they might be RoR plants
whose capability of flexibility depends on hydrological conditions. Some resources have a
capacity of 1,0 MW or less and therefore their participation in many of the markets is limited.

Table 5.4 shows the potential market fit in Q2/2021 when the Nordic aFRR markets are
launched. The market fit to these markets increase as the minimum bid size decreases to 1,0
MW (Subsection 3.3.3).

Table 5.4. The preliminary reserve portfolio of Suomen Voima and the resources’ hypo-
thetical market fit in Q2/2021.

Owner Resource Type Resource FFR (↑) FCR-D (↑)
FCR-N

(↓ & ↑)
aFRR (↓) aFRR (↑)

mFRR: Balancing Energy
Markets (↓)

mFRR: Balancing Energy
Markets (↑)

Owner A Power Plant Gas Turbine - - x - - x x
Owner A Power Plant Gas Turbine - - x - - x x
Owner B Power Plant Diesel Generator ? - - - - x x
Owner C Power Plant Hydropower Plant - ? x - - x x
Owner C Power Plant Hydropower Plant - ? x - - x x
Owner C Power Plant Hydropower Plant - ? x - - x x
Owner C Power Plant Hydropower Plant - ? x - - x x
Owner D Power Plant Diesel Generator - - - - - - -
Owner D Power Plant Diesel Generator - - - - - - -
Owner D Power Plant Diesel Generator - - - - - - -
Owner D Consumption Site Consumption Site - - - - - - -
Owner D Consumption Site Consumption Site - - - - - - -
Owner D Consumption Site Consumption Site - - - - - - -
Owner E Power Plant Hydropower Plant - ? x x x x x
Owner F Power Plant Diesel Generator - - ? - - - -
Owner G Power Plant Diesel Generator - - ? - - x x
Owner G Power Plant Diesel Generator - - ? - - x x
Owner G Power Plant Diesel Generator - - ? - - x x

Basic Resource Information Potential Market Fit (Q4/2020)

Owner Resource Type Resource FFR (↑) FCR-D (↑)
FCR-N

(↓ & ↑)
aFRR (↓) aFRR (↑)

mFRR: Balancing
Energy Markets (↓)

mFRR: Balancing
Energy Markets (↑)

Owner A Power Plant Gas Turbine - - x x x x x
Owner A Power Plant Gas Turbine - - x x x x x
Owner B Power Plant Diesel Generator ? - - x x x x
Owner C Power Plant Hydropower Plant - ? x x x x x
Owner C Power Plant Hydropower Plant - ? x x x x x
Owner C Power Plant Hydropower Plant - ? x x x x x
Owner C Power Plant Hydropower Plant - ? x x x x x
Owner D Power Plant Diesel Generator - - - - - - -
Owner D Power Plant Diesel Generator - - - - - - -
Owner D Power Plant Diesel Generator - - - - - - -
Owner D Consumption Site Consumption Site - - - - - - -
Owner D Consumption Site Consumption Site - - - - - - -
Owner D Consumption Site Consumption Site - - - - - - -
Owner E Power Plant Hydropower Plant - ? x x x x x
Owner F Power Plant Diesel Generator - - ? - - - -
Owner G Power Plant Diesel Generator - - ? x x x x
Owner G Power Plant Diesel Generator - - ? x x x x
Owner G Power Plant Diesel Generator - - ? x x x x

Basic Resource Information Potential Market Fit (Q2/2021)
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Further research and more thorough discussions must be conducted with the owners in order
to define a more accurate estimate of the market fit of each informed resource. Table 5.3
shows that the market fit of the resources is rather poor if allocated solely to each market.
However, if the resources would be aggregated, the market fit outcome would potentially
change dramatically. Table 5.5 shows the potential market fit of the resources in Q2/2021
when considering aggregation as an option.

Table 5.5. The preliminary reserve portfolio of Suomen Voima and the resources’ hypo-
thetical market fit in Q2/2021.

Aggregation enables a larger capacity size and therefore market entrance to markets where
sole resources’ capacity size would be too small. Another important feature of aggregation
is that the activation profile of an aggregation can be formed into a stepwise profile. This is
beneficial for on/off resources that are not capable of participating alone in markets such as
FCR-D and FCR-N.

The benefits of aggregation are clear when comparing Table 5.3 to Table 5.5. However,
aggregating resources requires initial investments for enabling the aggregation. An upper
level control system must be available for synchronizing the different resources together so
that they function as a whole. In order to participate in the reserve markets with an aggrega-
tion, a prequalification test must be conducted for the whole unit, or separately for the re-
sources so that all of them fulfill the technical requirements. The upper level control system
must also be proven to function so that the technical requirements are fulfilled. For instance,
multiple on/off resources must be programmed to activate so that they form a stepwise acti-
vation profile for e.g. the FCR markets. (Fingrid Oyj 2020f.)

In order to form a functioning reserve portfolio, resources that can participate solely on dif-
ferent markets must pass the market specific prequalification tests. Aggregated units must
also pass the prequalification tests. Therefore, many prequalification tests must be conducted
in order to form a large and diverse bid list for the portfolio. The larger the bid list is the
more possibilities are available for the optimizing platform for maximizing profits. In order
not to invest on upper level control systems for nothing, thorough market fit research must
be conducted for the different possible combinations of the resources.

Owner Resource Type Resource FFR (↑) FCR-D (↑)
FCR-N

(↓ & ↑)
aFRR (↓) aFRR (↑)

mFRR: Balancing Energy
Markets (↓)

mFRR: Balancing Energy
Markets (↑)

Owner A Power Plant Gas Turbine - - x x x x x
Owner A Power Plant Gas Turbine - - x x x x x
Owner B Power Plant Diesel Generator ? x x x x x x
Owner C Power Plant Hydropower Plant - ? x x x x x
Owner C Power Plant Hydropower Plant - ? x x x x x
Owner C Power Plant Hydropower Plant - ? x x x x x
Owner C Power Plant Hydropower Plant - ? x x x x x
Owner D Power Plant Diesel Generator ? x x x x x x
Owner D Power Plant Diesel Generator ? x x x x x x
Owner D Power Plant Diesel Generator ? x x x x x x
Owner D Consumption Site Consumption Site x x x x x x x
Owner D Consumption Site Consumption Site x x x x x x x
Owner D Consumption Site Consumption Site x x x x x x x
Owner E Power Plant Hydropower Plant - ? x x x x x
Owner F Power Plant Diesel Generator ? X x x x x x
Owner G Power Plant Diesel Generator - X x x x x x
Owner G Power Plant Diesel Generator - X x x x x x
Owner G Power Plant Diesel Generator - X x x x x x

Basic Resource Information Potential Market Fit (Q2/2021, as aggregated)
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The current portfolio consists mostly of power plants. Therefore, different upregulation mar-
kets seem to currently be the most appropriate choice for bid optimization. For the FCR-N
market, the consumption sites will have an important role for allowing safer market entrance
for the power plants as aggregated units once the single price imbalance settlement model is
launched. For on/off power plants, aggregation will also be important when considering the
FCR-D market. Unfortunately, with the current information, the FFR market seems to be out
of reach for many of the power plants. However, the consumption sites might be able to
provide upregulation in the required strict activation timeline.

As many of the reserve portfolio’s power plants function currently as local power back-up
units or are practically unutilized, participating in the reserve markets and playing a part in
the reserve portfolio is a great opportunity for increasing the resources’ value. The consump-
tion sites can enable new revenue streams by participating in the markets with demand re-
sponse. By participating in the reserve portfolio and becoming an important piece for the
optimizing platform, the resources can become important players in maintaining grid secu-
rity and granting a safer transition into a more renewable and emission-free power system.

The collected resources can function as incentive to launch the optimizing platform. Its
launch and participation in the reserve markets in a profitable manner might also function as
an incentive for the owners to invest in flexible resources. These could for instance be bat-
teries (industrial and EV related solutions), hydropower plants with storages and modern
demand response solutions. Also, the collected resource pool might increase along the way
towards the possible launch of the platform as more thorough discussions are held with the
owners.

5.4 Modelling Risks to Consider
No model is perfect. The prototype is a simplified version of the conceptualized optimizing
platform that functions mainly with conditional statements and utilizing data from Fingrid’s
open database. The modelling results are based on historical data, hence it provides guidance
for a possibly pursuable project from a retrospective standpoint.

The future reserve market performance might not be at all the same as it has been during the
inspection period. For instance, the limited obligation size of the reserve products might
become saturated if large flexibility resources seize the markets, therefore possibly lowering
the prices. The upcoming 15-minute imbalance settlement period might also lower the mar-
ket prices as wind power predictions will be more accurate. On the other hand, the growing
need for balancing power and the decreasing competition from traditional thermal resources
might increase the obligation and procurement sizes leading to a surge in prices. Also, the
rather short inspection period reviewed in this prototype and market analyses poses risks, as
the prices might have been lower when going further back in history. Therefore, with this
inspection period it is difficult to establish a clear trend for the market prices.

The model does not include the fact that the different reserve markets historical marginal
prices, capacity prices or balancing energy prices, have been set according to a historical bid
list that does not include the model’s bid. In reality, if the model’s bid would be accepted,
the historical marginal price bid setter might have been pushed out of the obligation capacity
and therefore the second most expensive bid would have set the marginal price. This bid
might have been much lower than its predecessor. Therefore, there is a risk that the market
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prices might have been lower. However, the used bid sizes in this thesis’ modelling scenarios
have been small, thus this risk has probably been to a large degree adverted.

The examined profits and allocation percentages in Section 5.2 have included the single
market allocation strategy and the platform’s multimarket bid optimization. The results for
these have excluded all the hours where losses could have occurred. The results also include
profits which can be very close to zero, i.e. profits which could almost have been losses.
Therefore, the modelling has included very risky allocations which would in reality be
avoided. Risky markets for a power plant can be markets which are dependent on the spot
market, i.e. markets such as the FCR-N and downregulating markets. Therefore, both the
single market allocation and the optimizing platform’s profits are on a somewhat theoretical
level.

Fortunately, for all the scenarios the profitability on downregulating markets have been quite
low. Also, Scenario 3 showed that skipping the FCR-N market and also other markets can
still provide proper profits. Thus, risky allocation to markets in certain situations must be
avoided as losses are possible. An upside in the modelling has also been the rather high
production cost, which in reality might be much lower and therefore increase the profits. As
an example, lowering the production cost by 35 % raises the optimizing platform’s profits
by 30 % in the base case scenario.

The optimizing platform’s performance is nearly impossible to achieve. It is very difficult
to tell what markets will have most value for each hour. Predicting balancing energy needs
and therefore market prices many hours before the delivery hour is difficult as anything can
happen in the power system. Therefore, in reality, hitting the right market will be difficult
and the profits will be lower than the modelling results of the optimizing platform predict.
However, with a descent production cost, losses are quite easy to avoid. Thus, participating
with the optimizing platform on the markets should be profitable and provide good and rather
riskless revenue streams for the resources and their owners.

The uncertainty of providing accurate estimates of balancing energy on markets such as the
FCR-N and mFRR complicates the modelling of profitability on these markets. The balanc-
ing energy provided by FCR-N resources might be much higher overall than Fingrid’s open
data on the net balancing energy tells us. Therefore, it is possible that more production costs
might have occurred leading to a decrease in profits. The mFRR markets modelling uncer-
tainties related to the provided balancing energy quantities and therefore mFRR profits incur
risks for either under or overestimations. Therefore, the mFRR market profitability should
be examined with caution.

The model assumes that the resource is always available and able to fulfill its role if accepted
on the different reserve markets. In reality, sudden malfunctions might happen so that the
resource cannot be allocated to a market or that the resource fails to provide regulating power
requested by Fingrid. If the allocated resource is not capable of providing regulating power
on, for instance, the FFR, FCR-D or FCR-N market, the BSP must pay a sanction price
which depends on the amount of capacity not delivered and the market price of the hour in
question (Fingrid Oyj 2020f, Fingrid Oyj 2020i). This would result in lower profits or even
potential losses for the hour in question.
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6 The Framework and Requirements of the Platform and 
its Components

Business models are becoming continuously more data-driven. The increasing amount of
data measurement and collection drives the building of more data centers around the globe.
Of the massive amount of collected data, value can be created by analytics. The use of ana-
lytical methods can be used to derive relationships between the data that supports decision
making. This is essential for the market forecasting component of the platform. It analyzes
data, finds patterns and recommends valuable markets to the user, i.e. trader, based on his-
torical data and market sentiment.

In this chapter, a possible conceptualized framework for making this project a reality will be
presented. The presented idea is just one of many other possibilities how the project could
be implemented. The most essential components of realizing the aggregations, the market
optimization and the operation model of the platform itself are presented in Figure 6.1 below.

Figure 6.1. The essential components of the project.

The main idea is that the forecasting component analyzes the market sentiment and based on
historical data and patterns recommends valuable reserve markets (and in some cases Nord
Pool markets). Together with the market forecasts and the reserve portfolio, the platform
assembles an optimized bid list which can be offered to the different markets. Figure 6.2
shows the operation cycle of the optimized market allocation which is continuously updated.
The bid list can involve both single resources and aggregations. The list can be altered and
corrected according to the different bid paths, presented earlier in Figure 5.2 and 5.3, if the
bids do not get accepted or if only some bids get accepted on the markets.

Figure 6.2. Operation model for assembling the optimized bid list.
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In order to assemble the bid list, the platform must be aware of each resource’s availability.
Therefore, there must be information flow between the owners of the resources and the plat-
form. The platform works as a hub for information flow. It passes through the information
about both the market forecasts and the availability information regarding the resources to
the optimizing algorithms, which assembles the optimized bid list. The trader is able to see
the bid list and can perform the trades to the specific trading platforms. The last part is some-
thing that could be completely automatized but trusting blindly in the forecasts could be
risky and therefore a trader should examine the recommended bid list before submitting bids
to the markets. The full automation might be implemented later. It will be especially useful
when the 15-minute imbalance settlement period gets launched, as rapid trading decisions
will be beneficial.

The platform will also need to inform the owners and the control systems of the resources
or aggregations when they have been allocated to a market. Therefore, the resources or ag-
gregations and owners themselves can be aware of when the resource will be occupied and
on what market. Also, information must flow from the resources and aggregations to the
platform and owners for the benefit sharing. The platform must be aware of how much pos-
sible energy has been regulated by the resource or aggregation for calculating profit distri-
bution to the owners and possible third-party stakeholders. Therefore, a logbook must be
kept of the resources which also aids in creating reports related to e.g. the performance of
the platform and the resources.

When the resources have been allocated to a reserve market, they must be aware of what
market they have been allocated to and how to act on that market. The resources will need a
control system that can be programmed to behave in certain ways depending on the market.
The programming mainly focuses on the activation profile. For instance, on the FFR market
any sort of activation profile is accepted as long as the activation time thresholds are reached
(Table 3.3). The reserve resource must also be programmed to measure the grid frequency
instead of waiting for activation signals from Fingrid. For the FCR-D market, the resource
must be programmed to activate fully if the frequency drops to 49,5 Hz. But if the frequency
would drop to 49,8 Hz, only a portion of its capacity needs to be activated.

Figure 6.3. Operation model of resources and aggregations during the delivery hour.
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Depending on which reserve market the resource or aggregation is allocated to, the re-
source’s control system must be programmed to act on the market according to the technical
requirements of the market. Figure 6.3 shows the operation model during the delivery hour.
The control units must either be programmed to measure the grid frequency (FFR, FCR-D
and FCR-N markets) or to listen to Fingrid’s commands (aFRR and mFRR markets). The
activations of the resources occur when either a grid frequency threshold is reached or when
Fingrid sends an activation command. Depending on the market, the provided regulating
power must be measured and sent to the platform for the benefit sharing model. Both infor-
mation about the reserve market reservation and provided balancing energy must be calcu-
late carefully for fair and just compensation calculations. These can get especially tricky for
aggregations.

An aggregated reserve unit will require in addition an upper level control system that con-
trols the resources as a whole unit. For instance, establishing a linear activation profile of
on/off units must be conducted in an orderly fashion. Figure 6.4 shows that a stepwise linear
activation profile can be realized when the on/off resources of the aggregation are com-
manded to activate at different frequency thresholds. In this manner, on/off resources could
also participate in markets which require a linear activation profile.

Figure 6.4. Realizing a stepwise linear activation profile when aggregating on/off re-
sources.

The benefit sharing of an aggregation becomes difficult when the resources provide different
amount of balancing energies. In order for the resources to get accepted on a certain market,
they must be aggregated to reach for instance the minimum capacity level. Therefore, the
capacity compensation should be divided according to the proportion of capacity they pro-
vide for the whole aggregation. But which of the resources should be rewarded the role of
Resource 1 in Figure 6.4 which provides the highest balancing energy? Should the balancing
energy compensation be divided according to the proportions of provided energy or accord-
ing to the capacity proportions? Also, for markets with no balancing energy compensation,
which one of the resources should be activated first and therefore pay production costs and
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have its technical lifetime shortened by the higher utilization rate compared to the other re-
sources of the aggregation? These are some of the issues that arise with the benefit sharing
model concerning aggregations.

The whole project encompasses multiple decentralized components that need to be fitted
together with proper information flow. This also raises security risks as information must
flow between different systems securely and reliably. Securing the connections between the
different systems including the power grid must be top level as the consequences can be
substantial when dealing with the power grid.

In the platform’s operation model, Suomen Voima would function as the balancing service
provider and aggregator for the owners’ resources. Therefore, Suomen Voima would distrib-
ute the compensations received from Fingrid to the owners according to the benefit sharing
model. Thus far, it is difficult to say how well this business model fits a Mankala company
and therefore there might be an incentive to establish a new subsidiary ad hoc company.

It is planned that the platform should be expandable and not rigid. Therefore, it could serve
as a platform, not only for new power plant, consumption site or battery reserve resources
but also for other possible currently unknown future solutions. Thus, the platform would
function as a useful component for other future innovations.
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7 Thesis Conclusions and the Next Steps Towards Imple-
menting the Project

Participating in Fingrid’s reserve markets with the approximately 30 MW reserve portfolio
consisting of Suomen Voima’s owners’ power plants and demand sites is predicted to be
profitable based on the modelling results of an example 1,0 MW power plant. The power
plant was thought to be ideal in the sense that it is capable of participating in all of Fingrid’s
reserve market. However, for the 18 identified potential reserve resources this would not be
the case. Based on the preliminary findings, many of them would not fit most of the markets
but through aggregation the potential market fit could increase dramatically. As many of the
resources have currently a limited to no utilization rate, their value could be increased with
new revenue streams through participating in the reserve markets.

Both single market allocation and market allocation optimization with the platform proved
to be profitable. The profitability is based to a large extent on the capacity compensation
according to the market analysis in Chapter 4 and modelling results in Chapter 5. The market
analyses showed that Q2 is the most valuable quarter each year. The benefits gained from
utilizing the platform were substantial. In all the presented scenarios the profits were 2–3
times higher compared to the single market allocation. Therefore, pursuing the optimizing
platform and the components required for enabling aggregation could be economically jus-
tified.

As no model is perfect, there is always room for error. The error margin has been aimed to
be minimized with a conservative modelling approach, therefore leaving more room for up-
side than downside opportunities when it comes to profitability calculations. Markets such
as the FCR-N and mFRR markets should be considered with caution as the balancing energy
quantity was tricky to model with limited provided data and therefore assumptions had to be
made.

The platform’s perfect market allocation is theoretical, and the true outcome will not reach
the model’s outcomes. Also, both the single market allocation and platform modelling results
include profits which could have nearly been losses. However, with careful power plant re-
source allocation to markets such as the FFR, FCR-D, aFRR and mFRR upregulation mar-
kets it is possible to reach profitability with rather small risk. Also, as the modelling was
conducted with a rather high production cost, therefore major upside opportunities can be
recognized by utilizing resources with lower production costs.

The platform and in general attending the reserve markets enables new revenue streams for
the gathered resources. Both their utilization rate and value are predicted to increase. Mean-
while, they would get the chance to serve as important pieces in providing grid security for
the power system’s inevitable transition towards a more renewable and emission-free energy
system.

The transition provides upside potential in the reserve market prices and therefore increased
profitability opportunities. Both the increasing interconnectivity from the Nordics to the con-
tinent and the balance volatility which comes with increasing intermittent renewable energy
penetration function as price-drivers for the markets. The reserve markets are becoming
more and more viable for the power system. The old reserve products are changing into
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being more accessible for smaller resources, and meanwhile new products are emerging,
such as the FFR launched in May 2020. Therefore, the earlier the reserve market entrance
for Suomen Voima is realized the more beneficial the market participation could be. Also,
profitable reserve market entrance works as an incentive for new flexible resource invest-
ments for Suomen Voima.

In order to implement this project into reality, market specific prequalification tests need to
be conducted for single resources and aggregations capable of single market allocation. Both
might need initial investments for control systems which enable e.g. frequency measure-
ment, information flow, aggregation and activation profile programming. Thus, careful anal-
yses and discussions must be conducted with the owners and third-party members regarding
the resources, possible aggregations and their potential market fit before making investment
decisions. As the prequalification tests might take up to several months, it is better to start
early with the investigations. Reserve market allocation for resources capable of participat-
ing in the markets could be initiated before implementation of the other components of the
project, thus the revenue streams could be already commenced.

Meanwhile, the search for a platform developer or an already running platform solution must
be pursued. Also, it is critical that there is constant collaboration between the platform de-
veloper, the forecasting component and the associated trading operator for ensuring a func-
tional and efficient operation model. All in all, due to the complexity of the whole project
and the quantity of stakeholders, careful collaboration and active information flow between
the stakeholders must be kept on a high level.

Finally, a fair and just benefit sharing model must be established for the resources partici-
pating through the platform and the affiliated stakeholders. With many stakeholders the ben-
efit sharing becomes a complex matter. A thorough investigation and rationalization for de-
ciding the proportions of the profits between e.g. the resources’ owners, trader and platform
developer must be conducted before signing papers. Also, a question arises regarding how
well the Mankala principle fits the operation model of this project. Therefore, the establish-
ment of a subsidiary ad hoc company could be a viable option.

The electricity markets including the reserve markets are undergoing major changes in the
upcoming years and currently at this moment. New reserve products are emerging and the
old products are changing. The Nordic markets are being harmonized with the rest of the
European markets. The 15-minute imbalance settlement is to be implemented and is aimed
to reduce imbalances by allowing more efficient balance trading closer to the delivery hour.
Therefore, automation will be become an important property of the power system and will
also accelerate the implementation of more demand response and other smart solutions, such
as the platform, in the system.
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