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The purpose of this thesis is to examine the structure and design of balancing markets in 
selected European countries, Finland, the Baltic countries, Poland, and Spain. Balancing 
markets play a crucial role in maintaining real‑time system stability by ensuring the 
continuous balance between electricity generation and consumption. Although European 
balancing markets are progressively integrated through common platforms and regulatory 
frameworks, national differences in market design and participation rules remain. 

The study compares the key characteristics of balancing capacity and energy markets, 
including available reserve products, their activation rules, pricing mechanisms, market 
access, and participation in European balancing platforms such as PICASSO and MARI. 
Based on this comparison, the main differences between the selected markets are identified. 

The thesis further evaluates which of these market differences could be represented as 
adjustable parameters within an existing simulation model originally developed for Finnish 
markets. The results show that several differences, including time‑related parameters, bid 
constraints, remuneration structures, sanctions and participation in European balancing 
platforms, could be parameterized. However, more complex structural differences, such as 
Polish supplementary market mechanisms and alternative pricing principles, may require 
additional model development. 
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Tämän diplomityön tavoitteena on tutkia reservimarkkinoiden rakennetta ja markkinoille 
osallistumissääntöjä valituissa Euroopan maissa, jotka ovat Suomi, Baltian maat, Puola ja 
Espanja. Reservimarkkinoilla on keskeinen rooli sähköjärjestelmän reaaliaikaisen 
tasapainon ylläpidossa varmistamalla jatkuva tasapaino sähkön tuotannon ja kulutuksen 
välillä. Vaikka Euroopan reservimarkkinoita integroidaan yhä enemmän yhteisten alustojen 
ja sääntelykehysten avulla, kansallisia eroja markkinarakenteissa ja osallistumissäännöissä 
esiintyy edelleen. 

Tutkimuksessa vertaillaan kapasiteetti- ja energiamarkkinoiden keskeisiä ominaisuuksia, 
kuten käytössä olevia reservituotteita, niiden aktivointisääntöjä, hinnoittelumekanismeja, 
markkinoille pääsyä sekä osallistumista eurooppalaisiin sähkömarkkinoiden harmonisointi 
projekteihin, kuten PICASSO- ja MARI‑alustoille. 

Lisäksi työssä arvioidaan, mitkä näistä eroista voitaisiin määritellä säädettävinä 
parametreina yrityksen olemassa olevaan simulaatiomalliin, joka on alun perin kehitetty 
Suomen markkinoille. Tulokset osoittavat, että useat erot, kuten aikaparametrit, tarjouksiin 
liittyvät rajoitteet, korvausrakenteet, sanktiot sekä osallistuminen eurooppalaisiin markkina-
alustoihin voidaan esittää parametreina. Sen sijaan monimutkaisemmat rakenteelliset erot, 
kuten Puolan ”täydentävä” markkinamekanismi ja vaihtoehtoiset hinnoitteluperiaatteet, 
voivat edellyttää mallin jatkokehitystä. 
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The increasing share of variable renewable energy sources and the integration of European 

electricity markets have increased the need for flexibility in electricity systems. Balancing 

markets enable Transmission System Operators (TSOs) to procure and activate flexibility in 

order to maintain the real-time balance between electricity generation and consumption, 

which is essential for maintaining system stability and security of supply. As electricity 

systems become more variable and interconnected, the design and functioning of balancing 

markets play a critical role in enabling flexibility, reducing system costs, and supporting the 

transition toward low‑carbon energy systems. This thesis examines balancing market 

designs and national differences in selected European countries and discusses which of these 

differences could be represented through parameterization in a simulation model. 

Previous research has focused on the harmonization of European electricity markets and the 

development of common balancing platforms such as PICASSO and MARI. These studies 

generally highlight that harmonization can improve efficiency, facilitate cross-border 

balancing, and reduce balancing costs. At the same time, existing literature indicates that 

national implementation of balancing markets still differs in terms of technical requirements, 

pricing mechanisms, and market access rules. 

The objective of this thesis is to analyze the balancing market designs of Finland, the Baltic 

countries, Poland, and Spain, and to evaluate which differences between these markets could 

be represented through parameterization in an existing simulation model. The model 

considered in this thesis is used to estimate revenues from battery participation in balancing 

markets. As the company considers expansion into new markets, the current limitation is 

that the simulation model is based on Finnish market design and rules, which limits 

scalability. Therefore, this thesis aims to identify market characteristics that can be 

generalized through adjustable parameters, reducing the need for market‑specific model 

changes. 
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The research questions of this thesis are 

¥! What are the differences in the Baltic, Polish and Spanish balancing markets 

compared to Finland? 

¥! Which of these differences could be parameterized in a simulation model? 

The scope of the study is limited to balancing capacity and balancing energy markets in the 

selected countries. Other ancillary services, such as voltage control, are excluded. The 

purpose of this thesis is not to develop a new simulation model, but to analyze how the 

existing model could be generalized. 

This thesis consists of six chapters. Chapter 2 introduces electricity markets, Chapter 3 

presents marketplaces and balancing products, Chapter 4 describes European harmonization 

initiatives, Chapter 5 presents and compares national balancing markets, and Chapter 6 

evaluates the parametrization of identified differences, followed by conclusions. 
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This chapter provides an overview of electricity market structures. It introduces the main 

concepts required to understand the functioning of electricity markets. The chapter aims to 

establish the conceptual background necessary for analyzing balancing markets in later 

chapters. 

!"#$!%&'()*$+,-)'&+,.&*,/0$

Over the past thirty years, the EU has introduced a series of measures to build a unified and 

competitive electricity market. These efforts aim to ensure fair access for all participants, 

strong consumer protection, and sufficient levels of interconnection and generation capacity. 

The process began with mandating electricity market liberalization, which aimed to 

dismantle national monopolies and separate generation, transmission, distribution, and retail 

activities. 

The First Energy Package in 1996 introduced accounting unbundling, followed by legal 

unbundling in 2003 through the Second Energy Package. Member states also created 

National Regulatory Authorities (NRAs) to supervise TSOs. As seen in Figure 1, the 

implementation of the first two energy packages divided the electricity sector into regulated 

entities like TSOs and DSOs operating natural monopoly networks, and into deregulated 

wholesale and retail market participants. (Estermann, Schrade and Anderson, 2025) 
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The Third Energy Package in 2009 advanced market integration by making market coupling 

mandatory and establishing coordinated methods for calculating cross-zonal transmission 

capacity between TSOs. The package also required NRAs to operate independently from 

both governments and industry. It created the Agency for the Cooperation of Energy 

Regulators (ACER), which is responsible for developing non-binding framework guidelines 

that form the basis for drafting network codes and regulatory guidelines. In addition, ACER 

oversees the implementation of these network codes and evaluates how effectively they 

support market integration, promote competition, and ensure non-discriminatory practices. 

(Estermann, Schrade and Anderson, 2025). 
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The Third Energy Package also created the European Network of Transmission System 

Operators for Electricity (ENTSO-E), which serves as the main coordination platform for 

European TSOs. Once ACER has prepared and approved the framework guidelines, 

ENTSO‑E is responsible for developing the corresponding network codes and detailed 

regulatory guidelines. ENTSO-E publishes all fundamental market data on their 

Transparency Platform. (Estermann, Schrade and Anderson, 2025). 

For the integration of the physical electricity market, the most important regulatory is the 

Capacity Allocation and Congestion Management (CACM) Guideline, introduced in 2015. 

The CACM Guideline defines how cross‑border transmission capacity is calculated and 

allocated, and it sets the rules for situations where market transactions cannot be carried out 

due to grid constraints. With its introduction, market coupling became the mandatory method 

for allocating cross‑zonal capacity in both the day-ahead (DA) and intraday (ID) markets. 

DA and ID bids across borders are matched with price coupling algorithm or for the ID 

market with a continuous trading matching algorithm. The CACM also introduced 

Nominated Electricity Market Operators (NEMOs), which, together with TSOs, are 

responsible for developing and operating these algorithms and implementing market 

coupling. CACM requires the establishment of a Single Day-Ahead Coupling (SDAC) and 

a Single Intraday Coupling (SIDC), meaning all cross-zonal capacity must be allocated 

through these joint mechanisms. (Estermann, Schrade and Anderson, 2025). 

The Clean Energy for All Europeans Package (CEP), adopted in 2019, reinforced 

market‑based electricity system operation and ensured technology‑neutral, non-

discriminatory access for all resources across borders. A key element of the package is the 

revised Electricity Regulation, which provides important rules for deepening EU electricity 

market integration. One of its central provisions is the “70% minRAM rule”, which requires 

TSOs to make at least 70% of the remaining available transmission capacity available for 

cross-zonal trading. This measure was introduced to address uncoordinated reductions of 

interconnector capacity and insufficient transparency, both of which can restrict cross-border 

electricity trade. By limiting the use of cross-border capacity to resolve internal grid 

congestion, the rule aims to prevent TSOs from prioritizing domestic exchanges over cross-

border flows. (Estermann, Schrade and Anderson, 2025). 

The Fit for 55 package, introduced in 2021, aligned energy policies with EU climate goals. 

The energy crisis in 2022 then challenged the functioning of the integrated market which led 
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to a market design review by ACER and contributed to the Electricity Market Design Reform 

adopted in June 2024. (Estermann, Schrade and Anderson, 2025). 

!"!$!1,22,03$./0)4$

Within the EU, electricity markets are organized according to a zonal model. In this model, 

each bidding zone has a single market price for every Market Time Unit (MTU), and the 

internal grid of the zone is treated as if it had no internal bottlenecks. Congestion is assumed 

to appear only at the borders between different zones. 

A bidding zone is typically defined as a geographical area of the power system where 

electricity can be traded without internal transmission constraints, which makes the model a 

simplified representation of the actual transmission network. As seen in Figure 2, most 

bidding zone borders align with TSO control areas or national borders, except in Sweden, 

Norway, and Italy. 
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Inside a bidding zone there is no need to allocate transmission capacity. Trade between 

zones, however, is organized through market coupling, which relies on the available cross-

zonal transmission capacity. The level of this capacity determines how much electricity can 

flow between zones. When cross-zonal capacity is sufficient, prices across the connected 

zones tend to converge. When capacity is limited, price differences generally increase. 

Market coupling links zone prices through auctions or continuous trading and reveals 

congestion between zones. As a result, the way bidding zones are defined plays an important 

role in how effectively congestion is managed. (Estermann, Schrade and Anderson, 2025). 

!"5$!6784$

As operators of the high-voltage transmission grid, TSOs function as regulated natural 

monopolies and must grant all market participants transparent and non‑discriminatory access 

to the network. In addition to operating, maintaining and, in many countries, developing the 

transmission infrastructure, TSOs have key responsibilities for the secure functioning of the 

power system. This includes upholding system security by ensuring that the grid can 

withstand the loss of a single component, often referred to as the N-1 principle, and restoring 

normal operating conditions quickly through appropriate corrective measures whenever 

disturbances occur. Their responsibility is also ensuring security of supply, which covers 

long‑term adequacy between production and demand, grid availability, and continuous 

real‑time balancing. (Estermann, Schrade and Anderson, 2025) 

To enable coordinated system operation and support market integration across Europe, TSOs 

collaborate through ENTSO‑E, which currently comprises 40 TSOs from 36 countries, as 

shown in Figure 3. (ENTSO-E, 2026a) 
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Nominated Electricity Market Operators (NEMOs) are entities appointed by national 

authorities to operate the day‑ahead and intraday electricity markets within the EU’s market 

coupling framework. Their role is to run the market processes that enable SDAC and SIDC, 

working in close cooperation with TSOs. 

Each NEMO contributes to the joint Market Coupling Operator (MCO) function, which 

involves developing and operating the algorithms used to match buy and sell orders, 

establishing and maintaining the procedures required for SDAC and SIDC, processing data 

on available cross-zonal capacity and allocation constraints, and validating and sharing 

market results with other NEMOs in a transparent and non-discriminatory way. 

A NEMO may also provide market services in countries other than the one in which it was 

designated, a practice known as “passporting”. This is possible if the host country has not 
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established a legal monopoly for day-ahead or intraday trading services, and the NEMO 

itself is not a legal monopoly in its country of designation. Figure 4 shows the NEMOs and 

the countries in which they operate across Europe. (All NEMOs Committee, 2025) 
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NEMOs operate in a partly competitive environment, as several can be active in the same 

Member State and offer trading services in parallel. To ensure equal treatment across 

markets, TSOs and NEMOs establish Multi‑NEMO Arrangements (MNAs), which 

harmonize procedures while allowing competition between power exchanges. At the same 

time, NEMOs must collaborate closely to jointly run the Market Coupling Operator (MCO) 

function, which introduces a regulated cooperative obligation alongside their competitive 

role. (Estermann, Schrade and Anderson, 2025) 
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Electricity markets consist of several marketplaces that operate at different time horizons 

before electricity delivery. These include derivatives markets, day-ahead and intraday 

markets, and reserve capacity and energy markets. The main marketplaces are shown in 

Figure 5, with the markets closest to real-time delivery shown on the right. 
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This chapter introduces the main electricity marketplaces and explains their role in electricity 

trading and system balancing. 

5"#$!< )',= &*,=)4$>&'()* 4$

Electricity derivatives markets involve trading financial products such as futures and options 

that are tied to electricity prices. Their main purpose is to help market participants manage 

price risks associated with volatile electricity prices. Producers may hedge against low 

prices, while retailers may protect themselves from high prices if they have fixed‑price 

customer contracts. 
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Trading takes place either on exchanges, which in Europe include Euronext Nord Pool 

Power Futures, European Energy Exchange (EEX), ICE Futures Europe and ICE Endex, or 

through bilateral agreements in over-the-counter (OTC) markets. Nasdaq historically played 

a key role in Nordic electricity derivatives trading, but its power futures business was 

acquired by Euronext, with the migration completed in March 2026 (Nord Pool, 2026). 

Since these contracts do not involve the physical delivery of electricity, derivative markets 

also attract participants who trade for speculative purposes. As these markets focus on 

financial hedging rather than the physical operation of the power system, they are not 

relevant for this thesis and are therefore not discussed further. 

5"!$!<&?@AB)&2$%&'()*$

The European day-ahead (DA) market is the most liquid segment of the electricity market 

and provides a key price signal for both buyers and sellers. Day‑ahead trading in Europe is 

operated by power exchanges such as Nord Pool and EPEX Spot through a single pan-

European auction held every day at 12:00 CET for delivery during each hour of the following 

day. Market participants submit their bids before gate closure time (GCT), after which the 

European market‑clearing algorithm PCR EUPHEMIA determines the clearing prices and 

implicitly allocates cross‑zonal transmission capacity. The auction produces a system price, 

representing the theoretical price without transmission constraints, as well as area prices for 

individual bidding zones. When enough cross-zonal capacity is available, these prices 

converge. If transmission constraints lead to bottlenecks, prices diverge across bidding 

zones. (Vakkilainen et al., 2024) 

Cross-border day-ahead trading across Europe is enabled through the Single Day-Ahead 

Coupling (SDAC), introduced under the CACM Guideline. SDAC simultaneously allocates 

cross-border capacity and sets market prices with the objective of maximizing social welfare. 

All bids submitted to the auction form a common merit order, and clearing prices are 

determined by marginal pricing. As of September 30th, 2025, the market transitioned from 

hourly pricing to 15-minute trading intervals. With the introduction of the 15-minute MTU, 

electricity prices are now determined every quarter hour, allowing the market to capture 

expected changes in generation and demand with greater precision. (Directorate-General for 

Energy, 2025) 
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The intraday (ID) market enables market participants to adjust their positions very close to 

real time, helping them respond to unexpected changes in electricity production or 

consumption. Trading takes place on the same day as delivery, offering greater flexibility 

than the day‑ahead market. Participants can trade either continuously or through intraday 

auctions. 

In the continuous market, transactions take place around the clock and are executed 

immediately whenever matching buy and sell orders are available. Contracts with different 

time resolutions, such as 15‑, 30‑, or 60‑minute products, can be traded depending on the 

bidding zone and the level of cross‑border integration (All NEMOs Committee, 2024). 

Currently, GCT is 60 min to 0 min before delivery, depending on bidding zone. However, 

in December 2025 ACER approved TSOs proposal on shortening the GCT from 60 to 30 

minutes before delivery (ACER, 2025). 

Cross‑border intraday trading across Europe is enabled through the Single Intraday Coupling 

(SIDC), introduced under the CACM Guideline. SIDC links national intraday markets 

through continuous cross‑border matching, allowing orders to be paired as long as suitable 

bids and sufficient transmission capacity is available. Unlike the day‑ahead market, which 

clears through a single pan‑European auction, continuous intraday trading does not rely on 

optimization, which means prices follow a pay‑as‑bid rule rather than a uniform clearing 

price for each bidding zone. (Estermann, Schrade and Anderson, 2025) 

To complement continuous trading and to introduce transparent pricing for cross‑border 

capacity, Intraday Auctions (IDAs) were implemented across Europe in June 2024. IDAs 

harmonize the allocation of intraday cross‑zonal capacity and allow this capacity to be priced 

according to its scarcity at specific points in time, ensuring that market participants receive 

an appropriate price signal. IDAs aggregate orders submitted for a specific auction and 

allocate transmission capacity implicitly, matching bids across bidding zones 

simultaneously. This contrasts with continuous trading, where capacity is allocated on a 

first‑come, first‑served basis and no congestion income is generated. (ENTSO-E, 2026c) 
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There are three intraday auctions. IDA1 closes at 15:00 CET on day D-1 and covers delivery 

hours 0–24 of day D. IDA2 closes at 22:00 CET on day D‑1 and also covers hours 0–24. 

IDA3 closes at 10:00 CET on day D and covers delivery hours 12–24. During an IDA, 

cross‑zonal capacity allocation in continuous SIDC is temporarily suspended to avoid double 

allocation, although internal continuous trading may continue in bidding zones with more 

than one NEMO. (ENTSO-E, 2026c) 

5"9$!1&+&0D,03$%&'()*4$

In an electricity system, generation and consumption must remain in balance at every 

moment to keep the system stable. When the system is in equilibrium, the grid frequency is 

50.0 Hz. If production exceeds consumption, frequency begins to rise, and if consumption is 

higher than production, frequency drops which is illustrated in Figure 6. TSOs have the 

responsibility to ensure that frequency stays within acceptable limits under all operating 

conditions, and that the system can withstand and recover from any single incident. 
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Although market participants schedule their expected production and demand in advance, 

forecasting errors and unforeseen events unavoidably lead to deviations. To manage these 

imbalances, TSOs procure balancing reserves from the reserve markets, also referred as 

balancing markets. These reserves include power plants, demand‑response resources, and 

energy storage units capable of adjusting their generation or consumption rapidly according 

to system needs. In this setup, the TSO creates the demand for balancing services, while 

market participants supply the reserve capacity and energy. 

Balancing reserves ensure that TSOs can maintain system balance in real time. After the 

day‑ahead and intraday markets have closed, TSOs can activate the contracted reserves to 

increase or decrease net power injection depending on the situation in the power system. 

Through this process, TSOs maintain the continuous balance between electricity generation 

and consumption that is essential for secure system operation. The Nordic power system 

currently relies on five frequency control products, FFR, FCR‑D, FCR‑N, aFRR, and mFRR 

which are shown in Figure 7. 
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In the Continental Europe Synchronous Area (CESA) the reserve markets include only FCR, 

aFRR, mFRR and in some countries RR. 
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3.4.1 !Capacity markets and energy activation markets 

Balancing reserves are procured through two types of markets, capacity markets (CM) and 

energy activation markets (EAM). The capacity market secures the availability of reserve 

resources by contracting a predefined amount of capacity, typically day‑ahead or earlier, 

ensuring that sufficient flexibility is ready to respond when needed. Balance service 

providers (BSPs) are compensated for maintaining this readiness, meaning they receive 

payment for keeping their units capable of adjusting output or consumption. Capacity 

products include FFR, FCR‑D, FCR‑N/FCR, aFRR, and mFRR. 

In the energy market the BSPs are compensated for the actual activation of reserves. When 

the TSO signals a unit to adjust its power, the activated energy is remunerated according to 

market results. Participants that have secured capacity commitments must submit 

corresponding energy bids to ensure that contracted reserves can be activated if required. 

Activation follows a merit‑order principle, bids are accepted starting from the lowest price 

until the required balancing volume is reached. Separate balancing energy markets are 

arranged for aFRR and mFRR. 

In most countries, reserve markets follow marginal pricing mechanism. For upward 

regulation, bids are accepted starting from the lowest price until the required volume is 

reached, and the highest accepted bid determines the uniform price for that product and 

MTU. For downward regulation, bids are selected from the highest price downwards, with 

the lowest accepted bid setting the clearing price. The MTU defines the trading interval of 

the reserve product and varies depending on the country and the service being procured. 
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3.4.2 !Fast Frequency Reserve (FFR) 

Fast Frequency Reserve (FFR) is a very rapidly responding reserve product introduced in 

the Nordic power system in 2020 to address situations where system inertia is so low that 

traditional FCR‑D cannot react quickly enough to stabilize frequency following a large 

disturbance (ENTSO-E Nordic Analysis Group, 2024). FFR provides an immediate, 

short‑duration power response that helps contain the initial frequency drop until slower 

reserves take over. 

FFR is currently an upward regulation product only and is activated automatically when 

system frequency falls below a predefined threshold, typically between 49.5 and 49.7 Hz. 

Full activation occurs within approximately 0.7-1.3 seconds, and the minimum delivery 

duration is either 5 or 30 seconds, depending on the characteristics of the reserve resource. 

The product is static, meaning the response follows a predefined power profile once the 

activation threshold is reached, rather than continuously tracking frequency deviations. The 

Nordic TSOs are also assessing the potential introduction of a dynamic version of FFR in 

the future. (ENTSO-E Nordic Analysis Group, 2024) 

The FFR market operates purely as a capacity market. Participants with fast‑responding 

resources such as battery energy storage systems (BESS) or demand-side flexibility (DSF) 

are compensated for being available to deliver the required response if a large frequency 

deviation occurs. TSOs determine the necessary volume of FFR roughly a week in advance, 

and participants submit their available upward capacity for each hour in the market. The gate 

closure time is 17:00 CET for delivery on the following day. The market applies marginal 

pricing, meaning that bids are accepted starting from the lowest price until the procurement 

need is met, and the highest accepted bid sets the clearing price for that hour. Participants 

are paid for the hours in which their capacity is procured, and there is no additional payment 

for energy activation. (Fingrid, 2026b) 
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3.4.3 !Frequency Containment Reserve for Disturbances (FCR-D) 

Frequency Containment Reserves (FCR) are the primary reserves used to continuously 

stabilize system frequency around 50 Hz. They are automatically activated based on 

real‑time frequency deviations. In the Nordics, FCR is divided into two products with 

different purposes, FCR‑N maintains frequency within the normal operating range of 49.9-

50.1 Hz during small fluctuations in supply and demand, while FCR‑D is designed to contain 

frequency between 49.5-50.5 Hz during larger disturbances that push the system outside the 

normal range. (Fingrid, 2026b) 

Frequency Containment Reserve for Disturbances (FCR‑D) is used exclusively in the Nordic 

synchronous area, and separate products exist for upward and downward regulation. FCR‑D 

Up responds to under‑frequency events, such as sudden loss of production or imports, while 

FCR‑D Down reacts to over‑frequency events, caused by unexpected loss of load or exports. 

Activation is linear within predefined frequency ranges, approximately 49.5-49.9 Hz for 

upward response and 50.1-50.5 Hz for downward response. The reserve must deliver most 

of its response rapidly, 86% of the required power within 7.5 seconds, and the remaining 

portion within the following few seconds. (ENTSO-E Nordic Analysis Group, 2024) 

FCR‑D is typically provided by fast‑responding technologies, including BESS, hydropower 

plants, and DSF resources. Entities that cannot provide a fully continuous and dynamic 

response may qualify for a special variant of FCR‑D known as Static FCR‑D. This option is 

intended for units that struggle to meet the dynamic performance requirements, such as rapid 

activation, deactivation, or stable proportional response. The key difference compared to 

regular dynamic FCR‑D is that static providers benefit from a 15‑minute grace period during 

which they are not required to deactivate or be ready for a second activation. (ENTSO-E, 

2025) 
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3.4.4 !Frequency Containment Reserve for Normal operation (FCR-N/FCR) 

Frequency Containment Reserves (FCR), known as Frequency Containment Reserve for 

Normal operation (FCR‑N) in the Nordic synchronous area and simply FCR in the 

Continental Europe Synchronous Area (CESA), are the primary reserves used to stabilize 

the power system frequency continuously around 50 Hz. 

These reserves are activated automatically based on real‑time frequency deviations and 

respond within seconds. In Continental Europe, the full FCR response must be delivered 

within 30 seconds, while in the Nordics about 63% of the contracted response must activate 

within 60 seconds, and around 95% within three minutes (ENTSO-E Nordic Analysis Group, 

2024). FCR/FCR‑N is a symmetrical product, meaning providers must be able to adjust their 

output or consumption both upward and downward depending on the direction of the 

frequency deviation. It is typically provided by BESS, hydropower plants, thermal power 

plants, and DSF resources. 

Because the system frequency constantly fluctuates around 50 Hz, the upward and 

downward responses of FCR/FCR‑N usually cancel each other out over short periods. 

Therefore, the actual volume of energy activated over a 15‑minute settlement period is 

minimal. For this reason, in many countries FCR is procured only as capacity, and there is 

no separate payment for activated energy. (Austrian Power Grid, 2025) 

TSOs procure FCR and FCR‑N through national tenders, which may be conducted on an 

annual or hourly basis. Procurement can also be coordinated across borders, with several 

countries, including Austria, Belgium, the Czech Republic, Denmark, the Netherlands, 

France, Germany, Slovenia, and Switzerland, participating in a common FCR market. 

(ENTSO-E, 2026a) 
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3.4.5 !Automatic Frequency Restoration Reserve (aFRR) 

Automatic Frequency Restoration Reserve (aFRR), also referred to as secondary reserve, is 

activated to restore system frequency toward its nominal value of 50 Hz after the primary 

response FCR/FCR‑N has stabilized the initial deviation. aFRR is typically provided by 

flexible and controllable resources such as BESS, hydropower plants, DSF and thermal 

power plants. 

Unlike FCR, which reacts locally to frequency changes, aFRR activation is controlled 

centrally. The connecting TSO sends an automatic control signal in the common European 

aFRR energy market, updated every 4 seconds, that orders BSP to increase or decrease their 

output or consumption. aFRR consists of two separate products for upward and downward 

regulation and must be able to deliver its full response within 5 minutes. (ENTSO-E Nordic 

Analysis Group, 2024)  

aFRR plays a complementary role to mFRR within the frequency restoration process. It is 

designed to address faster and more continuous imbalance variations that are not suitable for 

mFRR activation. When aFRR is activated, it gradually takes over the task of correcting the 

frequency deviation. FCR provides the initial stabilization, after which aFRR restores the 

frequency to its nominal level once sufficient aFRR capacity is available. (ENTSO-E Nordic 

Operations Development Group, 2025) 

There are separate capacity and energy markets for aFRR. In the Nordic synchronous area, 

aFRR capacity is procured through a joint Nordic aFRR capacity market, whereas in the 

Continental Europe synchronous area, aFRR capacity is typically procured nationally or 

regionally, not through a single EU-wide auction. In the Nordic aFRR CM the MTU is 1 

hour, while in CESA it differs between countries from 15 minutes to 4 hours. (Regelleistung, 

2026) 

For energy activation, there is a common European aFRR energy market operated through 

PICASSO (Platform for the International Coordination of the Automatic Frequency 

Restoration Process and Stable System Operation). PICASSO enables cost‑optimized 

activation of aFRR balancing energy across countries through a shared merit‑order list while 

taking available cross‑border transmission capacity into account. The platform operates with 
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a 15-minute MTU (Alonso et al., 2025). PICASSO is introduced in more detail in Section 

4.2. 

3.4.6 !Manual Frequency Restoration Reserve (mFRR) 

Manual Frequency Restoration Reserve (mFRR) is used to correct larger system imbalances 

and restore frequency towards 50 Hz after the faster‑responding reserves FCR and aFRR 

have addressed the initial deviation. mFRR is typically provided by dispatchable resources 

such as hydropower and thermal power plants, as well as large-scale DSF, while BESS and 

controllable renewable generation are increasingly able to participate. 

The full activation time of mFRR is typically 12.5 minutes, making it slower than aFRR but 

capable of handling larger and more sustained imbalances. mFRR is procured and activated 

for both upward and downward regulation. (Fingrid, 2026b) 

In the Nordic synchronous area, mFRR is the main balancing resource and is used both 

proactively and reactively. Proactive activation is based on imbalance forecasts, allowing 

TSOs to schedule mFRR for the next 15‑minute period to avoid expected imbalances. During 

disturbances or unexpected deviations, mFRR can also be activated directly, replacing 

remaining FCR and aFRR activations. Because aFRR volumes remain relatively small in the 

Nordics, the system continues to rely heavily on mFRR for both balancing and congestion 

management. (ENTSO-E Nordic Operations Development Group, 2025) 

In the Nordic area the mFRR consists of a trilateral capacity market between Fingrid, 

Svenska Kraftnät and Energinet, and a joint Nordic energy activation market. The aim is that 

the Nordic mFRR energy market will eventually be integrated into the European mFRR 

energy market platform MARI. (Fingrid, 2026b) 

In Continental Europe, mFRR serves a similar purpose but is generally activated less 

frequently and usually for shorter periods. As in the Nordic area, mFRR provides both 

upward and downward regulation, and has separate capacity and energy markets. To further 

harmonize and optimize the use of mFRR across Europe, energy activation is coordinated 

through MARI, the European mFRR energy market platform. MARI is introduced in more 

detail in Section 4.3. (Regelleistung, 2026) 
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3.4.7 !Replacement Reserve (RR) 

Replacement Reserve (RR) is balancing resource designed to operate over longer time 

horizons than fast reserves. Their activation typically takes from around 30 minutes up to 

several hours, making them suitable mainly for planned or predictable imbalances rather 

than immediate system disturbances. RR has therefore been used to maintain the balance 

between generation and consumption over extended periods. (Alonso et al., 2025) 

Following the end of the TERRE project (presented in Section 4.6), RR is being phased out 

at the European level. The exchange of RR products between TSOs and the use of local RR 

products will cease, and RR processes will be replaced by national balancing solutions to 

ensure secure system operation. (Alonso et al., 2025) 

 !
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This chapter presents the European harmonization projects established under the Electricity 

Balancing Guideline (EBGL). Commission Regulation (EU) 2017/2195, established the 

guideline, which provides the regulatory framework for cross‑border cooperation and 

harmonized market operation in electricity balancing across the European Union. Its 

objective is to enable the efficient exchange of balancing energy between countries through 

a harmonized market design and non‑discriminatory access to markets. (European Union, 

2026) 

By promoting a pan‑European balancing market, the guideline allows TSOs to pool 

resources and procure balancing services more efficiently and reliably. It also facilitates the 

participation of new market actors, such as demand response and renewable energy 

resources. Overall, the harmonization initiatives introduced in this chapter aim to strengthen 

security of supply, reduce system costs, and limit emissions. 

9"#$!CEFF$

The International Grid Control Cooperation (IGCC) is the European implementation project 

for the imbalance netting process (IN-Platform), as defined in Article 22 of the EBGL. 

Originally launched in 2010 as a regional cooperation between German TSOs, IGCC has 

expanded into a pan‑European arrangement covering 24 countries and 27 TSOs across 

continental Europe (Figure 8). It now includes all TSOs required to participate in the 

imbalance netting platform under the EBGL. (ENTSO-E, 2026b) 
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Imbalance netting is a coordinated process between TSOs that aims to reduce the 

unnecessary activation of balancing reserves in opposite directions across different load-

frequency control (LFC) areas. By sharing real-time information on system imbalances and 

activated frequency restoration reserves, IGCC ensures that surplus and deficit situations in 

different areas can offset each other. This approach avoids counter-activation of aFRR and 

improves the overall efficiency of balancing actions. The participating TSOs exchange aFRR 

demand information with the optimization system, which calculates correction signals and 

sends them back to each TSO’s secondary control systems. By netting opposing imbalances 

before reserve activation, IGCC reduces balancing energy needs, lowers system costs, and 

enhances system security across the interconnected European power system. (ENTSO-E, 

2026b) 
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PICASSO (Platform for the International Coordination of Automated Frequency Restoration 

and Stable System Operation) is the European platform for the exchange of aFRR balancing 

energy. Established under Article 21 of the EBGL, the project has driven the development 

of a harmonized European aFRR market since 2017 based on a common standard product. 

The platform became operational in June 2022 and is being progressively adopted by 

participating TSOs (Alonso et al., 2025). According to ENTSO-E (2026e), the platform 

included 29 TSO members with 20 TSOs fully connected in December 2025 (Figure 9). 
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PICASSO enables cost‑optimized activation of aFRR across Europe by compiling a common 

merit‑order list and considering available cross‑zonal transmission capacity. Its Activation 

Optimization Function (AOF) operates in 4-second optimization cycles, during which 

balancing demands are netted, bids are selected, and marginal prices are determined 

(ENTSO-E, 2026e). PICASSO interacts with the IGCC imbalance netting process, which is 
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performed before aFRR activation, and allows imbalances in different countries to offset one 

another before activation, maximizing economic surplus. (Alonso et al., 2025) 

The bids are submitted for 15-minute MTUs, 25 minutes before the start of the delivery 

period (T-25 min). The minimum bid size is 1 MW, and bids are submitted in increments of 

1 MW. aFRR providers must be capable of reaching full activation within 5 minutes. 

(ENTSO-E, 2026e) 

The first aFRR exchange between the Continental Europe synchronous area and the Nordic 

synchronous area took place in October 2024 after Danish TSO Energinet joined the 

platform. In response to ACER Decisions 8/2024 and 9/2024, PICASSO introduced elastic 

demand and a revised clearing price methodology to mitigate high activation prices. Under 

elastic demand, a TSO may specify a price threshold up to which additional balancing energy 

is procured, while inelastic demand must be met irrespective of price. Participating TSOs 

must publish local rules describing how these thresholds are determined. (Alonso et al., 

2025) 

9"5$!%AHC$

MARI (Manually Activated Reserves Initiative) is the European platform for the exchange 

of mFRR balancing energy, developed as the implementation project mandated by the 

Article 20 of EBGL. The initiative began in 2017, when a group of European TSOs started 

developing a harmonized technical solution for a common mFRR platform. In January 2020, 

ACER approved the implementation framework, and in October 2022 the platform went live 

with the connection of the four German TSOs and Czech TSO CEPS. Since then, additional 

TSOs have gradually joined, and by April 2026 the platform consisted of 29 member TSOs 

and 3 observers, with 16 TSOs fully connected (Figure 10). (ENTSO-E, 2026d) 
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MARI serves as the European interface for activating mFRR energy, enabling TSOs to 

exchange balancing bids through a common merit‑order list while respecting available 

cross‑zonal transmission capacity. The platform standardizes the activation process across 

Europe, supports more efficient and coordinated balancing actions. Further expansion is 

expected as remaining TSOs connect in the coming years. Nordic TSOs are planning on 

connecting in 2027. 

On the MARI platform, bid selection and the calculation of Cross Border Marginal Prices 

(CBMPs) are carried out automatically by the Activation Optimization Function (AOF). The 

AOF algorithm determines which bids are activated based on the inputs from TSOs, 

including cross‑zonal capacity limits, flow constraints, activation demands, and all standard 

product bids from BSPs within their control areas. Energy bids are submitted for 15‑minute 

MTUs, with a GCT of T‑25 minutes. mFRR providers must be capable of full activation 

within 12.5 minutes, with a minimum duration of 5 minutes at full activation capacity. The 

minimum bid size is 1 MW, and bids are submitted in increments of 1 MW. (ENTSO-E, 

2026d) 
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Two optimization processes are used on the MARI platform. Scheduled activation (SA) is 

performed once per MTU, meaning once every 15 minutes. Direct activation (DA) may be 

initiated between scheduled runs whenever a TSO submits an activation request after the 

gate closure for the corresponding MTU. Once triggered, the resulting activation remains in 

effect until the end of the following MTU. (AST, 2025) 

BSPs may submit bids that are eligible either only for scheduled activation or for both 

scheduled and direct activation. Bids eligible for both types can be activated in either 

process, whereas bids intended only for scheduled activation, cannot be used in direct 

activation. All bids submitted for a given MTU are considered in the corresponding 

scheduled optimization. Bids that are also eligible for direct activation remain available for 

any DA optimization conducted before the next scheduled activation (AST, 2025) 

9"9$!AIGAFA $

ALPACA (Allocation of Cross‑Zonal Capacity and Procurement of aFRR Cooperation 

Agreement) is a regional cooperation initiative between the TSOs of Austria, Czechia, and 

Germany that began in 2022 (ENTSO-E, 2025b). Building on the earlier Austrian-German 

aFRR capacity cooperation, the initiative aims to improve access to aFRR balancing capacity 

and reduce procurement costs through a joint cross-border procurement process. Several 

other European TSOs participate in the project as observers (Figure 11). 
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ALPACA is closely linked to the European PICASSO platform, which harmonizes the 

exchange of aFRR balancing energy. Therefore, the operation of PICASSO is a prerequisite 

for ALPACA’s functioning. The initiative became operational in September 2025, enabling 

cross-border exchange of aFRR capacity along the AT‑CZ and DE‑CZ borders (ENTSO-E, 

2025a). 

The cooperation combines a joint procurement process with a coordinated approach to 

forecasting cross-zonal transmission capacity. BSPs submit their aFRR capacity bids to their 

national TSOs, after which all bids and TSO requirements are processed through a Common 

Procurement Optimization Function (CPOF) operated by 50Hertz. The function identifies 

the most efficient allocation while respecting procurement obligations and cross-border 

transmission constraints. (ENTSO-E, 2025b) 

In parallel, APG and 50Hertz use a probabilistic forecasting method to estimate the cross-

zonal capacity available for capacity exchange. This ensures that cross-border procurement 

of aFRR does not reduce the transmission capacity available for the day-ahead or intraday 

markets. Together, these arrangements enable coordinated aFRR procurement while 

preserving market-based electricity trading. (ENTSO-E, 2025b) 
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ALPACA uses a standardized daily procurement design with separate upward and 

downward products, divided into 4-hour blocks and settled under pay-as-bid pricing. The 

minimum bid size is 1 MW, with additional volume offered in 1 MW increments, and bids 

must be submitted by 09:00 CET on D-1. (ENTSO-E, 2025b) 

9"J$!F81HA $

COBRA (Common Optimization of Balancing Reserves and CZC Allocation) is a joint TSO 

initiative aimed at developing a harmonized algorithm for allocating cross‑zonal capacity to 

balancing capacity procurement. The COBRA members are shown in Figure 12. The project 

was launched by the TSOs of Austria, Denmark, Estonia, Finland, Germany, Latvia, 

Lithuania, the Netherlands, Norway, and Sweden to implement the market-based Cross-

Zonal Capacity Allocation Function (CZCAOF) in line with the Harmonized Cross-Zonal 

Capacity Allocation Method required under Article 41 of the EBGL (ENTSO-E, 2025c). The 

TSO of Czechia joined the project in 2025 and the final implementation deadline for the 

CZCAOF is 30 June 2026 (Alonso et al., 2025). 
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The purpose of COBRA is to provide a single optimization algorithm that can be used by 

current and future regional platforms exchanging balancing capacity for aFRR and mFRR 

in both upward and downward directions. (ENTSO-E, 2025c) 

The algorithm evaluates whether allocating cross-zonal capacity to balancing capacity 

exchange and reserve sharing provides greater value than making that capacity available to 

the day-ahead market. Based on this comparison, it determines the optimal allocation of 

transmission capacity for cross-border balancing cooperation. The development of the 

regional exchange platforms and the forecasting methods used to estimate the day-ahead 

market value of cross-zonal capacity are outside the scope of COBRA. (ENTSO-E, 2025c) 

9"K$!6;HH; $

The Trans European Replacement Reserves Exchange (TERRE) was the European 

implementation project for the cross‑border exchange of RR, developed under the Electricity 

Balancing Guideline. The project implemented the LIBRA platform, which became 

operational in January 2020 and enabled participating TSOs to exchange RR energy in line 

with the regulatory framework (ENTSO-E, 2026f). 

TERRE operated until December 2025, after which platform operations were discontinued 

following the adoption of the Electricity Market Design Reform in May 2024. The reform 

introduced a new cross‑zonal intraday gate closure time of 30 minutes before real time, 

effective from January 2026, which was incompatible with the RR process. After operations 

ceased, the LIBRA platform was decommissioned, and the TERRE project concluded in 

March 2026. (ENTSO-E, 2026f) 
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This chapter provides an overview of the balancing markets in Finland and selected 

European countries, including the Baltic countries, Poland, and Spain. The purpose is to 

present the key characteristics of each market and highlight the main features of their 

balancing capacity and energy markets. 

The chapter begins with a description of the Finnish balancing market, followed by 

corresponding overviews of the Baltic, Polish, and Spanish markets. The final section of the 

chapter presents a comparative analysis of the balancing market designs across the selected 

countries. The comparison focuses on key differences in market structure, technical 

requirements, pricing mechanisms, and market access conditions, providing a foundation for 

the parametrization approach discussed in the following chapter. 

J"#$!L,0+&02$

The Finnish TSO Fingrid is responsible for operating balancing markets which are regulated 

by the Energy Authority (Energiavirasto). The Finnish balancing markets include the reserve 

products FFR, FCR‑N, FCR‑D, aFRR and mFRR. 

FFR is procured from a national market and provides only upward regulation. The required 

volume depends on system inertia and is therefore activated only during certain hours, based 

on a week‑ahead forecast published by Fingrid. (Fingrid, 2026b) 

FCRs are procured through annual and hourly markets nationally and from other Nordic 

countries. Procurement is carried out separately for FCR‑N and FCR‑D upward and 

downward, covering all hours of the year. FCR‑N is the only symmetric product, requiring 

both upward and downward capability. Annual markets are cleared through competitive 

tenders with fixed prices set by highest accepted bid for the whole year, while the hourly 

market price is determined separately for each hour. For 2026, annual procurement is limited 

to FCR‑D, with no FCR‑N contracted. (Fingrid, 2026b) 
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aFRR capacity is procured through the joint Nordic aFRR capacity market, with Finland 

contributing its assigned share as part of the Nordic frequency area. Activation is automatic, 

and aFRR energy is exchanged via the PICASSO platform. (Fingrid, 2026b) 

mFRR capacity is procured through a trilateral CM involving Finland, Sweden, and 

Denmark, while balancing energy is traded in the Nordic mFRR energy market. The Nordic 

TSOs implemented a new automated mFRR EAM in 2025, which closely resembles the 

European MARI platform, as it is based on the same Activation Optimization Function 

(AOF). Bids are submitted to Fingrid and forwarded to the Nordic platform. Activation 

follows a merit order based on price and occurs 7.5 minutes before each 15‑minute MTU, 

subject to cross-border capacity constraints. Additional direct activations may take place if 

balancing needs change unexpectedly, primarily using Finnish bids. These activations 

always cover two consecutive 15‑minute periods. (Fingrid, 2026b) 

Overall, Finland offers an accessible market where demand-side flexibility actively 

participates across all balancing services as well as in both day-ahead and intraday wholesale 

markets. The characteristics of the balancing capacity products are gathered from Fingrid 

and presented in Table 1, while the energy market characteristics are shown in Table 2. 
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In FFR, the activation time is approximately 1 second and the minimum activation duration 

is 5 seconds when the deactivation rate does not exceed 20% of the FFR capacity per second, 

and 30 seconds otherwise. Reserve units must be capable of reactivation within 15 minutes. 

In FCR-D, the reserve must deliver 86% of the required power within 7.5 seconds, and the 

remaining portion within the following few seconds (ENTSO-E Nordic Analysis Group, 

2024). The activation capability is 20 minutes for Limited Energy Resources (LER) such as 

BESS. 

In FCR-N, about 63% of the contracted response must activate within 60 seconds, and 

around 95% within three minutes (ENTSO-E Nordic Analysis Group, 2024). FCR‑N is a 

symmetrical product, meaning providers must be able to adjust their generation or 

consumption both upward and downward depending on the direction of the frequency 

deviation. The activation capability requirement is 1 hour in both directions. 
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Finland participates in PICASSO and follows the common European aFRR EAM rules. 

Finland is not yet an operational member of MARI, but the Nordic mFRR EAM, in which 

Finland participates, closely resembles the European MARI platform and has largely the 

same characteristics. The GCT differs and is currently T-45min. When Finland connects to 

MARI, the GCT will change to T-25 min. 
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5.1.1 !Imbalance settlement 

From 1 June 2026 onwards, imbalance pricing in Finland is based on a volume-weighted 

pricing methodology (Fingrid, 2026c). The imbalance settlement period is 15 minutes, and 

the dominant balancing direction is determined solely based on mFRR activations. 

According to Fingrid (2026c), the imbalance price is determined as follows 

¥! If both activated mFRR and activated aFRR are in the dominant direction, the 

imbalance price is calculated as a volume-weighted price. 

¥! If no mFRR activation occurs in the dominant direction, the imbalance price is based 

on the mFRR marginal price or the volume-weighted aFRR price. For an upward 

dominant direction, the higher of the two prices is applied, whereas for a downward 

dominant direction, the lower price is used. 

¥! If no dominant mFRR direction exists during the market time unit, the imbalance 

price is based on the day-ahead market price regardless of whether aFRR activations 

occurred during the period. 

5.1.2 !Capacity and energy remuneration 

Compensation for maintaining reserve capacity for all reserve products is paid as follows 

!"#"$%&' (#"')*+& , -"%+&"%+*.($"#"$%&'/ $"#"$%&'(#0%$*1 2"+$&%3+2 456 

Capacity price is the marginal price (€/MW,h) determined in the capacity markets. The most 

expensive accepted bid sets the marginal price for the MTU, and all accepted bids receive 

this price (pay-as-clear). In the mFRR capacity market, there is a possibility that bids are 

compensated at their bid price (pay-as-bid) when the bids are more expensive than the 

marginal price but selected due to internal Finnish grid constraints (Rinne, 2025). 

The maintained capacity for each MTU is calculated using real‑time data for FFR, FCR‑D 

and FCR‑N, using either real‑time data or the sum of aFRR energy bids for aFRR, and using 

the sum of mFRR energy bids for mFRR, but in all cases it cannot exceed the total realized 

capacity trades or the annual market plan. Real‑time data is the information on maintained 
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capacity that the reserve provider sends at least once per minute, in accordance with the 

technical requirements. (Rinne, 2025) 

Energy payment is paid for the actual activated balancing energy as 

7+*08' (#"')*+& , (9$&%:"&*.(;"<"+$%+8(*+*08' / *+*08' (#0%$* 4=6 

The aFRR and mFRR energy payment is based on the amount of energy activated and the 

marginal price determined in the energy activation markets, with the highest accepted 

up‑regulation bid and the lowest accepted down‑regulation bid setting the marginal price for 

the relevant MTU. In exceptional cases, such as activations driven by internal transmission 

constraints, the compensation is pay‑as‑bid. 

For aFRR the MTU is 4 s, which means that the price and the activation signal sent by 

Fingrid are updated every 4 seconds. These four‑second activation values are aggregated to 

calculate a directional total cost over a 15‑minute settlement period. (Rinne, 2025) 

In Finland, there is an energy payment for FCR-N as well but no separate energy market. 

FCR‑N activation energy is settled at either the imbalance price or the DA price, depending 

on which is more advantageous for the BSP (Muikku, 2025). The amount of activated energy 

is calculated based on the maintained FCR‑N capacity and the observed frequency deviation 

as follows 

>? 1 @ABCDEFGHI(AIA@BJ,
K ! !"# $ % / LM&' $ ()*&+,-./0 / NO=P(Q

NO5(RS
4T6 

where ! !"# $ % is the maintained FCR‑N capacity and LM&' $ ()*&+,-./0  is the frequency 

deviation in the imbalance settlement period. 

UHVI 1 @ABCDEFGHI(AIA@BJ,
K ! !"# $ % / LM1/20 $ ()*&+,-./0 / NO=P(Q

NO5(RS
4W6 

where ! !"# $ % is the maintained FCR‑N capacity and LM1/20 $ ()*&+,-./0  is the frequency 

deviation in the imbalance settlement period. 

Depending on the direction of the activation, the energy payment is either paid to the BSP 

or paid by the BSP to Fingrid, and the activated energy is also reflected in the balance of the 

BRP of the reserve unit. 
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5.1.3 !Sanctions 

If the verified amount of reserve capacity is lower than the volume awarded through the 

capacity market or the annual plan, the BSP receives no capacity payment for the missing 

portion and must pay Fingrid a sanction for the undelivered capacity. For FFR, FCR-D and 

FCR-N the sanction is calculated as follows 

X"+$&%3+, Y+.*<%:*0*. ($"#"$%&'/ T / $"#"$%&'()"0Z*& (#0%$*(30("++Y"<()"0Z*& (#0%$*4P6 

For aFRR and mFRR, the sanction is calculated using whichever of the two available 

methods results in higher amount. 

First method is 

X"+$&%3+, Y+.*<%:*0*. ($"#"$%&'/ T / $"#"$%&'()"0Z*& (#0%$* 4[ 6 

The second method is 

X"+$&%3+, Y+.*<%:*0*. ($"#"$%&'/ \%++%2Q(]9 (Q3Y0<'(":*0"8* (#0%$* 4̂ 6 

5.1.4 !Independent aggregation 

Aggregation enables multiple end users’ consumption or generation resources to be 

combined for participation in electricity markets. When carried out by an independent 

aggregator, this activity is performed by a market participant that operates separately from 

the end user’s electricity supplier.  

Reserve resources may be aggregated in three different ways. The first and most traditional 

approach is aggregation within the standard chain of delivery, where reserve resources are 

aggregated from the participant’s own balance portfolio and the aggregator acts as the 

electricity retailer or BRP of the reserve resource. In Finland, this type of aggregation is 

permitted in all marketplaces. The second model involves aggregation by a contractual BSP, 

while the third model is independent aggregation. Both contractual BSP and independent 

aggregators aggregate reserve resources outside the traditional chain of delivery. 

Independent aggregation is currently available for several reserve products, including FFR, 

FCR‑D, FCR‑N, and aFRR. Within these products, independent aggregators may combine 
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flexibility from resources associated with different BRPs. Participation is required to be 

non‑discriminatory, and end users may enter aggregation agreements without consent from 

either the TSO or their supplier. Aggregation agreements define how demand‑side flexibility 

(DSF) at individual consumption sites is utilized. 

When demand response is activated, independent aggregators are obliged to compensate the 

relevant supplier or BRP for costs arising from the activation.  

In the aFRR, the compensation fee is calculated separately for each imbalance settlement 

period, which is 15-min in Finland, using the following formula (Fingrid, 2025) 

!3)#*+2"&%3+ (M** , ]*<%:*0*. (_"<"+$%+8(7+*08' / `*M*0*+$* (a0%$* 4b6 

where the reference price is the DA market price for the Finnish bidding zone applicable 

during the relevant imbalance settlement period. 

For balancing energy delivered by an independent aggregator, the compensation fee depends 

on the balancing direction. In the case of upward regulation, Fingrid charges the 

compensation fee from the independent aggregator and pays the corresponding amount to 

the BRP of the reserve resource. In the case of downward regulation, Fingrid pays the 

compensation fee to the independent aggregator and charges the fee from the BRP of the 

reserve resource. (Fingrid, 2025) 

Further regulatory guidance at EU level is under development through a forthcoming 

demand response network code. In Finland, the TSO Fingrid plans to extend independent 

aggregation to the mFRR product, with implementation expected around the fourth quarter 

of 2026. 
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5.1.5 !Participation in European harmonization projects 

Table 3 shows in which European harmonization projects Finland participates in. Fingrid 

joined the PICASSO platform on 26 March 2025, enabling participation in the European 

aFRR energy market using the standardized product (ENTSO-E, 2026). 
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Fingrid, together with the other Nordic TSOs, is planning to join the MARI platform in the 

first quarter of 2027. This integration will bring operational changes, including moving the 

bid submission gate closure closer to real time (T‑25 minutes) and introducing separate 

pricing for scheduled and direct activation. Fingrid also participates in COBRA joint TSO 

initiative aimed at developing a harmonized algorithm for allocating cross‑zonal capacity to 

balancing capacity procurement. (ENTSO-E, 2026) 
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The Baltic balancing market consists of three bidding zones, Estonia (EE), Latvia (LV), and 

Lithuania (LT), operated respectively by the TSOs Elering, AST, and Litgrid. The electricity 

markets are supervised by the national regulatory authorities of each country, the 

Competition Authority of the Republic of Estonia, the Public Utilities Commission of Latvia, 

and the National Energy Regulatory Council of Lithuania.  

On 8 February 2025, the Baltics disconnected from the Russian grid and joined the 

Continental Europe Synchronous Area (CESA) on 9 February 2025 (European Commission, 

2025). The Baltics form part of a common synchronous area while maintaining separate 

scheduling areas, monitoring areas, and bidding zones for Estonia, Latvia, and Lithuania. 

Following synchronization, the Baltic TSOs adopted balancing reserve procurement 

arrangements aligned with wider European practices, introducing the balancing products 

FCR, aFRR, and mFRR. The synchronization project was fully completed in November 

2025 (ENTSO-E, 2025d). 

The Baltic TSOs procure balancing capacity through the Baltic Balancing Capacity Market 

(BBCM), a common day-ahead auction platform established to optimize reserve 

procurement costs and facilitate reserve sharing across the region. Procurement is based on 

the Baltic LFC block dimensioning methodology, which enables extensive sharing of 

balancing reserves between the TSOs. To support this integration, up to 50% of the available 

cross-zonal capacity between Baltic bidding zones, and up to 70% during scarcity situations, 

may be allocated to balancing capacity exchange and reserve sharing. (Elering, AST and 

Litgrid, 2026)  

The first BBCM auctions were held on 4 February 2025 for delivery on 5 February 2025, 

initially covering standard FCR and mFRR balancing capacity products. Procurement of 

standard aFRR balancing capacity began on 16 April 2025 after all Baltic TSOs had joined 

the PICASSO platform. FCR procurement is organized separately from aFRR and mFRR, 

with FCR auctions closing at 06:30 CET, while aFRR and mFRR capacity procurement is 

performed simultaneously at 08:00 CET. (Elering, AST and Litgrid, 2026) All the gathered 

balancing capacity product characteristics are presented in Table 4.  
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Balancing energy trading is integrated into the European balancing platforms PICASSO for 

aFRR and MARI for mFRR. The Baltics follow the common European aFRR EAM and 

mFRR EAM rules summarized in Table 5. 
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For mFRR, the delivery period, which defines how long a reserve provider must maintain 

the requested power output after activation, is between 5 and 20 minutes for scheduled 

activation (SA) and between 5 and 35 minutes for direct activation (DA). For DA, the exact 

duration depends on when the activation request is received. (AST, 2025) 

5.2.1 !Capacity and energy remuneration 

In the Baltic balancing market, FCR, aFRR, and mFRR are procured and settled using 

marginal pricing. For each MTU, bidding area, and balancing product, a single market 

clearing price applies to all accepted offers. 

For balancing capacity procurement, accepted offers are remunerated at the marginal price, 

corresponding to the highest accepted upward offer or the lowest accepted downward offer 

in the relevant market and period. In FCR, the price is determined for the symmetric reserve 

product covering both upward and downward regulation, whereas aFRR and mFRR use 

separate pricing for upward and downward products. (Elering, 2025) 
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FCR does not include separate energy remuneration, whereas activated aFRR and mFRR 

bids are settled according to marginal pricing. aFRR pricing is determined for each 

optimization cycle of the PICASSO platform, with payments based on the clearing price of 

the respective Baltic bidding zone. If PICASSO is unavailable, the TSO determines the 

clearing price locally. Similarly, mFRR pricing is determined through the MARI platform, 

or locally when the platform is unavailable. (Elering, 2025) 

In Estonia, the settlement arrangements differ for independent aggregators. For conventional 

BSP, the TSO settles balancing energy payments directly based on the relevant balancing 

energy clearing price. However, for independent aggregators, settlement is based on the 

difference between the balancing energy clearing price and the day-ahead electricity price 

in the Estonian bidding zone, reflecting the separate balance responsibility structure 

applicable to independent aggregation. (Elering, 2025) 

5.2.2 !Sanctions 

In the Baltic balancing capacity market, BSPs may face financial and operational sanctions 

if balancing obligations are not fulfilled. Obligations may be transferred to another 

prequalified BSP, while transfers for aFRR and mFRR are limited to the TSOs control area 

during the exemption period. (Elering, 2025) 

Non-compliance includes failure to transfer obligations, submit mandatory aFRR and mFRR 

balancing energy bids, or activate reserves as instructed by the TSO. In such cases, no 

remuneration is paid for the unfulfilled capacity. Repeated or intentional breaches may also 

result in suspension of prequalification. According to Elering (2025), the sanction for 

unfulfilled obligations is calculated as 

X"+$&%3+( , (Y+MY<M%<<*.(3;<%8"&%3+/ = / )"08%+"<(#0%$* 4c6 

where the sanction amount cannot be lower than the corresponding DA market price for that 

trading period. 
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5.2.3 !Independent aggregation 

In Estonia, independent aggregation is available for all reserve products. As publicly 

available information on independent aggregation in Latvia and Lithuania is limited, this 

section focuses on Estonia. 

An independent aggregator is defined as an aggregator whose balancing reserve offering unit 

is not located within the balance area of its own BRP and who submits balancing reserve 

offers based on an agreement with a consumer. Independent aggregators may include only 

those resources in their balancing offers for which authorization has been granted by the 

resource owner through the designated data exchange platform. (Elering, 2025) 

When operating as an aggregator, the BSP must provide operational data to the TSO, 

including near real-time information on aggregated power output, forecasts of balancing 

service activation volumes, and the balancing capacity available for activation (Elering, 

2025) 

The settlement treatment of independent aggregators differs from that of conventional BSPs. 

While balancing energy activated by the TSO is normally reflected in the balance report of 

the BSP's BRP, the activated balancing energy of an independent aggregator is assigned to 

the BRP responsible for the participating unit, whereas the independent aggregator's own 

imbalance is assigned to its own BRP. (Elering, 2025) 
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5.2.4 !Participation in European harmonization projects 

Table 6 shows the European harmonization projects in which the Baltics participate. All 

Baltic TSOs have been participating in the IGCC imbalance netting platform since March 

2025. Litgrid joined the PICASSO platform in March 2025, while Elering and AST became 

operational shortly after in April 2025. (ENTSO-E, 2026) 
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In MARI, the mFRR balancing energy platform all the Baltic TSOs have been participating 

since October 2024. They are also part of COBRA, the joint TSO initiative aimed at 

developing a harmonized algorithm for allocating cross‑zonal capacity to balancing capacity 

procurement. (ENTSO-E, 2026) 
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Polskie Sieci Elektroenergetyczne S.A. (PSE) is the TSO of Poland and manages the 

balancing services. The regulatory authority is the Energy Regulatory Office (Urząd 

Regulacji Energetyki, URE). In Poland the BSPs are referred to as DUBs, BRPs as POBs 

and TSO as OSP. 

Poland maintains separate mechanisms for capacity market and balancing services. The 

capacity market is organized through annual auctions for long-term capacity contracts with 

a delivery period starting five years ahead. However, this thesis focuses only on balancing 

services in order to simplify comparison between different countries. 

The Polish balancing market reform was in June 2024 and since then DSF has been allowed 

participation for all services. The roles of BRP and BSP were separated, allowing entities to 

participate as BSPs without BRP obligations (Kelham, 2026b). To do that, BSP has to 

appoint to a BRP (Kelham, 2026a). The participation is open to entities with a minimum 

capacity of 0.2 MW, as long as the capacity is aggregated and participated jointly with 

minimum bid of 1 MW (Energy Regulatory Office URE, 2024). 

The reform also introduced daily auctions, replacing the previous bilateral procurement 

agreements, and shortened the settlement period for balancing energy and imbalances from 

one hour to 15 minutes. This has improved the accuracy of real‑time price signals, which 

now better reflect the value of operating reserves and the costs of maintaining resources that 

support system stability. (Energy Regulatory Office URE, 2024).  

Balancing services in Poland consists of both balancing capacity and balancing energy. The 

balancing capacity market referred to as RMB in Polish is the primary mechanism for 

procuring balancing capacity to meet required reserve volumes. PSE procures balancing 

services through FCR, aFRR, mFRRd and RR under the rules specified in the Polish 

balancing conditions (WDB). RR is not considered in this thesis since according to ENTSO-

E it is being phased out (Alonso et al., 2025). 

Balancing capacity is procured separately for upward and downward directions except for 

FCR where the bids have to be equal to both directions. However, the price for FCR upward 

and downward is determined separately and thus is not the same. Also, the qualification is 

separate for upward (FCRG) and downward (FCRD). (PSE, 2025) GCT for portfolio offers 
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for balancing capacity is at 9:00 on D-1. All the gathered balancing capacity product 

characteristics are presented in Table 7, while the energy market characteristics are shown 

in Table 8. These characteristics are mostly based on translation of the PSE’s WDB 

document (PSE, 2025). 

According to the WDB (PSE, 2025), there is also supplementary market (or “supplementary 

mode”) which is a mechanism within the Integrated Scheduling Process (ZPG) used to 

procure balancing capacity when the primary Balancing Capacity Market does not provide 

sufficient reserves. It acts as a secondary procurement stage through which the TSO secures 

capacity for FCR, aFRR, and mFRRd for specific balancing energy settlement periods. 

This mechanism is activated when the capacity obtained from the primary market is 

insufficient, when previously procured reserves become unavailable, or when activated 

capacity needs to be replaced. (PSE, 2025) 

A distinguishing feature of the Polish balancing market is its central dispatch model. Unlike 

self‑dispatch systems common in many European countries, operational decisions are made 

by PSE based on bids submitted to its integrated scheduling system (ZPG). BSPs submit 

offers and PSE determines activation and operation schedules based on system needs and 

merit‑order selection. As a result, revenues depend on offer structure and activation by the 

TSO rather than solely on market price signals. (Kelham, 2026a) 
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Poland participates in both PICASSO and MARI and generally follows the common 

European balancing energy market rules. However, the gate closure time differs from that 

applied in most other participating countries. For mandatory balancing energy bids, the 

initial gate closure time is D-1 14:30 CET. BSPs are permitted to update previously 

submitted balancing energy and balancing capacity offers in response to changing system 

conditions or operational requirements until 55 minutes before the delivery period (T-

55min). (PSE, 2025; enspired, 2026a) 
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In Poland, participation in PICASSO occurs after or in parallel with domestic balancing 

processes. The TSO determines the balancing energy volumes available to the European 

platform by transforming domestic balancing energy offers based on the current system state 

and reserve availability. The T-55min GCT is required to allow the TSO to perform 

comprehensive, iterative optimization of its centrally dispatched power system that accounts 

for complex technical parameters and system security requirements before delivery begins. 

(PSE, 2025) 
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5.3.1 !Imbalance settlement 

In Poland, the imbalance settlement price is referred to as CEN. The reform introduced a 

single‑price imbalance settlement, under which all BRPs settle at the same CEN within each 

15‑minute period. When the system is short, the price is set at the higher of the day‑ahead 

and balancing market prices, while in a long system it is set at the lower. This approach 

incentivizes passive balancing, deviations that support system needs, and transforms the 

CEN from a purely penalizing mechanism into a meaningful price signal that market 

participants can respond to. (Kelham, 2026a) 

According to PSE (2025), the imbalance price (CEN) is determined based on 

¥! The system contract position (SK) 

¥! The weighted average balancing energy price (aFRR and mFRR) 

¥! The day-ahead market price (SDAC price) 

According to the following rules 

¥! If SK > 0 → CEN = min(average balancing price, SDAC price) 

¥! If SK = 0 → CEN = average balancing price 

¥! If SK < 0 → CEN = max(average balancing price, SDAC price) 

The system contract position (SK) represents the net imbalance of the entire Polish system. 

It is calculated as the sum of the imbalances of all Balancing Units. The SDAC price for a 

given period equals the day-ahead market clearing price for Poland. (PSE, 2025) 
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5.3.2 !Capacity and energy remuneration 

The remuneration for balancing capacity is based on a marginal pricing mechanism, in which 

the settlement price is determined by the highest accepted bid. 

In the Primary Balancing Market (RMB), the price for capacity acquired for a given 

settlement period is equal to the highest accepted balancing capacity bid for that reserve type 

and period. This price is denoted as CMBP in Poland. (PSE, 2025) 

In the supplementary market, the price for capacity acquired in the supplementary mode is 

determined by the highest accepted bid price across all ZPG iterations for the relevant reserve 

type and settlement period. This price is denoted as CMBU in Poland. (PSE, 2025) 

According to PSE (2025), the settlement of balancing energy is based on marginal pricing, 

and the calculation method depends on the platform through which the energy is activated. 

In European aFRR Platform, energy activated is settled based on the marginal price 

determined for each optimization cycle of the PICASSO platform, with payments based on 

the Polish clearing price. (PSE, 2025) 

For balancing energy activated outside European balancing platforms, such as domestically 

activated mFRR, the settlement price (CEBPP) is 

!7_aa , !de7_ f !e` 45N6 

where CKOEB is the marginal offer price determined in the Integrated Scheduling Process 

and COR is the operational reserve price. 

The CKOEB represents the marginal price used to satisfy system balancing needs and is 

defined as the highest accepted bid price for upward regulation or the lowest accepted bid 

price for downward regulation. COR for a specific settlement period is based on the 

relationship between the available power reserves in the system and the probability of not 

meeting consumer demand. (PSE, 2025) 
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5.3.3 !Sanctions 

BSPs are financially responsible for balancing capacity they fail to activate. According to 

PSE (2025), the settlement depends on whether the missing capacity was restored by the 

TSO through other resources 

¥! Restored Capacity: If the TSO successfully replaces the missing capacity using other 

providers, the BSP is charged a fee based on the price of restored capacity for that 

settlement period. 

¥! Non-Restored Capacity: If the capacity is not replaced, the BSP is charged a fee. For 

FCR, aFRR, and mFRR, the price for this penalty is the highest of: 

o! The primary market price (CMBP). 

o! The supplementary market price (CMBU). 

o! The operational reserve price (COR) 

Repeated failures to deliver or correctly activate balancing services may result in 

administrative sanctions, including the revocation of a BSP’s qualification to provide 

specific balancing services. Grounds for losing qualification include repeated instances of 

non-compliance during the activation of balancing services. If a provider loses qualification 

for balancing energy, the qualification for balancing capacity is automatically revoked as 

well. (PSE, 2025) 

5.3.4 !Independent aggregation 

Independent aggregation is available for all balancing products in Poland. According to 

Polish Energy Regulatory Office URE (2026), aggregators may commence operations in 

Poland after obtaining entry into the Register of Aggregators maintained by the President of 

URE. The Register of Aggregators is public and published on the website of the office 

serving the President of URE. 

Entities applying for entry into the register are required to fulfill several conditions, 

including identifying the electricity system operators within whose service areas the 
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aggregation activities will be conducted and specifying the planned commencement date of 

the aggregation activities. (Energy Regulatory Office URE, 2026) 

Applicants based outside Poland are in addition required to provide an official extract from 

the appropriate foreign equivalent business register, issued no earlier than three months 

before the date of submission. The document must be accompanied by a sworn translation 

into Polish and must also include an apostille certifying its authenticity. (Energy Regulatory 

Office URE, 2026) 

After registration, aggregation activities may only be carried out on the basis of a formal 

agreement between the aggregator and the end-user, electricity producer, or energy storage 

owner. Aggregators are required to commence their activities within six months of being 

entered into the register; otherwise, they may be removed from the register by the President 

of URE. The commencement of operations must be confirmed by submitting relevant 

documentation, such as an aggregation agreement and supporting evidence demonstrating 

the implementation of aggregation activities. (Energy Regulatory Office URE, 2026) 

5.3.5 !Participation in European harmonization projects 

Table 9 shows the European harmonization projects in which Poland participates.  
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PSE has been participating in the IGCC imbalance netting platform since February 2020 and 

joined the PICASSO platform in July 2020. PSE is expected to connect to the MARI 

platform in December 2026. (ENTSO-E, 2026)  
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In Spain, the electricity system is operated by the TSO Red Eléctrica de España (REE), while 

regulation is overseen by the Spanish National Markets and Competition Commission 

(CNMC). The balancing markets open for participation include aFRR and mFRR. Unlike in 

many European countries, FCR does not exist as a remunerated market in Spain. Instead, it 

is provided as a mandatory automatic frequency response service, requiring grid‑connected 

generation units to reserve approximately 1.5 % of their installed capacity for system 

balancing purposes (enspired, 2026b). This service is activated rapidly, typically within 0 to 

30 seconds following a frequency deviation. 

Balancing capacity for aFRR and mFRR is procured at the national level, while balancing 

energy is exchanged through the European platforms PICASSO and MARI, respectively. 

Generation units, demand‑side flexibility, and BESS can all participate as BSPs under equal 

conditions, with aggregation allowing these different resource types to be combined to 

deliver balancing services. 

In aFRR, BSPs are obligated to maintain the capability to deliver the contracted energy for 

the full duration of any valid activated period (CNMC, 2024a). In mFRR scheduled 

activations, the delivery duration is 15 minutes for BSPs participating only in mFRR. For 

BSPs that also participate in secondary regulation, the delivery duration is 5 minutes. In 

mFRR direct activations, the delivery period covers the time from the start of the activation 

until the end of the following quarter-hour settlement period. These offers can be maintained 

for up to 29 minutes. For BSPs also participating in secondary regulation, the maximum 

delivery period is limited to 20 minutes (CNMC, 2024b). The characteristics of the balancing 

capacity products are gathered from REE and presented in Table 10. 

Spain is in the process of developing a capacity market to address long‑term 

security‑of‑supply concerns. The proposed mechanism would allow REE to procure capacity 

through auctions held several years in advance, similar to capacity market designs in other 

European countries such as Great Britain. Auctions use pay-as-bid pricing instead of pay-as 

cleared, with firm capacity as the product determined by applying technology‑specific 

de‑rating factors to installed capacity. However, this framework is still under discussion and 

requires approval from the European Commission, with key design elements, such as 
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de‑rating factors, penalty mechanisms, and auction timelines, yet to be finalized. (Brito, 

2026) 
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Balancing energy trading in Spain is integrated into the European platforms PICASSO for 

aFRR and MARI for mFRR. Spain follows the common aFRR EAM and mFRR EAM rules 

summarized in Table 11. 
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5.4.1 !Capacity and energy remuneration 

For balancing capacity, the aFRR and mFRR are remunerated on a quarter-hourly basis, with 

separate marginal clearing prices established for upward and downward capacity. FCR is not 

remunerated. 

Regarding energy activation, remuneration is based on the actual volume of energy 

delivered. aFRR energy is compensated according to the marginal prices set within the 

PICASSO platform, while mFRR energy is remunerated using the marginal prices 

determined by the MARI platform. 

  



 

 

65 

5.4.2 !Sanctions 

BSPs awarded capacity must offer corresponding balancing energy volumes, and 

non‑delivery leads to financial penalties. Transfers of reserve obligations between BSPs are 

not permitted. The imbalance settlement period in Spain is 15 minutes. 

According to CNMC (2025), three types of sanctions are applied to aFRR related non-

compliances associated with the monitoring of the real-time response.  

The first type concerns remaining in the OFF state during an MTU despite having valid 

offers. In this case, the BSP is charged for undelivered energy as 

X"+$&%3+3!! , 1 73!! / a3!! 4556 

where E!""  is the non-delivered upward or downward energy and P!""  is the average quarter-

hour non-compliance price due to the BSP remaining in OFF status. 

The average quarter-hour non-compliance price is (CNMC, 2024a) 

a3!! , 5OP/ g:3<Y)* (h*%8Q&*. ("\`` (":*0"8* ()"08%+"<(#0%$*g 45=6 

 

where 1.5 is the correction factor for time spent in the OFF state. 

The second sanction type applies to inadequate response, when delivered power deviates 

from the requested activation. The sanction is (CNMC, 2025) 

X"+$&%3+#4 , 1 7#4 / a#4 45T6 

where E#$%is non-delivered upward or downward energy and P#$%is average quarter-hour non-

compliance price due to inadequate response. 

Total deviation volume E#$ is calculated as (CNMC, 2024a) 

7#4 , 7i#*$&*. ("\`` (#3h*0 1 ]*<%:*0*. ("\`` (#3h*0 45W6 

The average quarter-hour non-compliance price due to inadequate response P#$ is (CNMC, 

2024a) 

a#4 , 5OP/ g:3<Y)* (h*%8Q&*. (":*0"8* ()"08%+"<(#0%$*g 45P6 

where marginal price of aFRR energy is weighted by BSP’s deviation volume. 
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The third sanction type relates to insufficient real‑time reserve. BSPs must maintain reserve 

equal to their offered energy, otherwise, the sanction is (CNMC, 2025) 

X"+$&%3+#45# , 1 7#45# / a#45# 45[ 6 

where E#$&# is the reserve energy deficit and P#$&# is the average quarter-hour upward non-

compliance price due to insufficient real-time reserve of the BSP. 

The reserve energy deficit is (CNMC, 2024a) 

7#45# , `*2*0:* (3MM*0*.1 0*2*0:* (":"%<";<* 45^6 

The average quarter-hour non-compliance price (P#$&#) due to insufficient real-time reserve 

is (CNMC, 2024a) 

a#45# , 5OP/ g:3<Y)* (h*%8Q&*. (":*0"8* ()"i ()"08%+"<(#0%$*g 45b6 

where the marginal price is the higher of aFRR upward and downward price. 

All aFRR sanctions are calculated on a cycle‑by‑cycle basis every 4 seconds and aggregated 

over the 15‑minute settlement period. 

For a BSP operating assets in both aFRR and mFRR, non-delivery of activated mFRR energy 

is assessed on an aggregated portfolio basis at the BSP level. Failure to deliver upward 

mFRR activation results in sanction as (CNMC, 2025) 

X"+$&%3+&' , 70/0 $ 1)+.6)()1 7&' / a8!## 7&' / NO= 45c6 

where E' (' )*+,-.+/+*012 is the undelivered upward energy and P3"##012  is weighted average 

upward mFRR activation price. 

In the case of BSP failing to deliver downward mFRR activation, the sanction is calculated 

as (CNMC, 2025) 

X"+$&%3+1/20 , 70/0 $ 1)+.6)()1 71/20 / ga-] g 4=N6 

where E'(' )*+,-.+/+*0*(4'%is undelivered downward energy and PMD is Spanish day-ahead 

market price. 
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5.4.3 !Independent aggregation 

Independent aggregation was formally introduced in Spain with the approval of Royal 

Decree 88/2026 (Real Decreto 88/2026) in February 2026. This regulation establishes a legal 

framework for independent aggregators for the first time, enabling them to participate in all 

electricity markets, including balancing markets, without requiring consent from other 

market participants such as the consumer’s electricity retailer. (Real Decreto 88/2026) 

Under the current framework, aggregators must submit a declaration of responsibility to the 

Ministry for the Ecological Transition and the Demographic Challenge (MITECO), 

certifying they meet legal, technical, and economic requirements. They are also responsible 

for any imbalances they cause and must provide financial guarantees to the TSO. (Real 

Decreto 88/2026) 

While the Royal Decree establishes the general framework for independent aggregation, a 

more comprehensive regulatory model will be developed through a future Ministerial Order 

issued by the MITECO. Until then, a transitional centralized model applies. Under this 

temporary framework, the TSO and, where applicable, the market operator (OMIE) act as 

central counterparties for program corrections and compensation settlements. The TSO is 

responsible for determining balance responsibility and verifying the actual demand response 

delivered by independent aggregators. To support this process, a reference baseline program 

(programa de referencia base), established according to a methodology defined by the 

Secretary of State for Energy, is used to estimate the electricity consumption that would have 

occurred if the aggregator had not been activated. This enables verification of the flexibility 

delivered and ensures that the actions of independent aggregators are correctly assigned to 

the affected retailer’s portfolio. (Real Decreto 88/2026) 

The transitional model also includes a compensation mechanism based on the energy 

effectively mobilized by independent aggregator in wholesale electricity markets. Only the 

energy response delivered during activation periods is considered for compensation, while 

any response outside these periods is excluded. Compensation prices are set as a percentage 

of the Spanish day-ahead market price and are established through a formal decision by the 

Secretary of State for Energy, who may also revise the reference price used. In addition, the 

same authority determines the compensation scheme, which may involve either centralized 

settlement between aggregators and retailers through the TSO, a cost-sharing mechanism 
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among market participants based on predefined rules, or a combination of both depending 

on the circumstances. (Real Decreto 88/2026) 

The regulation establishes a clear implementation timeline. Once Red Eléctrica has 

developed the operational procedures required for the aggregation model and the CNMC has 

adapted information exchange systems to enable aggregator participation in electricity 

markets, the MITECO will issue a Ministerial Order defining the permanent aggregation 

model, including the detailed arrangements for program corrections and compensation 

settlements between aggregators and retailers. (Lardizabal, 2026) 

5.4.4 !Participation in European harmonization projects 

Table 12 shows the European harmonization projects in which Spain participates. 
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REE has been participating in the IGCC imbalance netting platform since October 2020, 

joined the PICASSO aFRR platform in June 2025, and has participated in the MARI mFRR 

platform since December 2024. 
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Although European electricity and balancing markets are becoming increasingly 

harmonized, differences between national balancing market designs still exist. When 

comparing the Finnish balancing markets to the Baltic, Polish and Spanish markets, one of 

the most notable differences is the availability of reserve products. FFR and FCR-D products 

are not available in the selected countries and in Spain, FCR is also not procured as a 

remunerated market product. Poland procures FCR, but the pricing differs from Finland. In 

Poland, separate prices are determined for upward and downward reserves, whereas Finland 

and the Baltics apply the same price for both directions. However, FCR bids in Poland 

remain symmetrically linked, meaning that equal reserve volumes must be offered in both 

directions, similarly to Finland and the Baltics. 

The minimum bid size and bid resolution for FCR also differ between the countries. In 

Finland, both are 0.1 MW, whereas in the Baltics and Poland both are 1 MW. Additionally, 

the activation time for FCR is faster in the Baltics and Poland, where activation occurs within 

30 seconds, compared to approximately three minutes in Finland. Another difference is that 

FCR energy payments exist only in Finland and are not present in any of the other analyzed 

countries. 

The MTU of balancing capacity markets also differs. In Finland, the MTU is 1 hour, whereas 

in the Baltics and Spain it is 15 minutes. In Poland, the MTU is 1 hour for the primary market 

and 15 minutes for the supplementary market. As a result, the activation capabilities required 

from participating assets also differ between countries. 

Gate closure times vary across all examined capacity markets. For aFRR energy markets, all 

analyzed countries participate in PICASSO and therefore largely follow the same market 

rules. However, Poland differs in its GCT, which is set at T-55 minutes.  

Differences related to the GCT also exist in mFRR energy markets. The Baltics and Spain 

participate in MARI and therefore follow common European market rules. Finland and 

Poland are not yet operational members of MARI. In the Nordic mFRR EAM, in which 

Finland participates, the GCT is T-45 minutes, whereas in Poland it is T-55 minutes. Other 

key characteristics of the mFRR energy markets are largely similar. 
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Independent aggregation is allowed in Estonia and Poland for all analyzed balancing 

products. In Finland, it is allowed for FFR, FCR-D, FCR-N, and aFRR, but not yet for 

mFRR. In Spain, a legal framework for independent aggregation has been introduced, but 

the full operational implementation is still under development.  

Sanctions for undelivered energy show similarities across markets. Finland, the Baltics, and 

Spain apply a similar calculation methodology, but use different coefficients/multipliers. In 

Poland, the sanction pricing appears to be defined differently. 
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The company utilizes an existing simulation model to estimate revenues from participation 

in Finnish balancing markets. The model simulates battery operation in day-ahead, intraday 

and reserve markets and simulates the resulting revenues under Finnish market rules. 

As the company considers expansion into new markets, the current limitation is that the 

simulation model is largely based on Finnish market design and regulatory framework. 

Therefore, applying the model to other countries may require modifications to the code, 

which is time-consuming and reduces scalability. 

The purpose of this thesis is not to develop a new simulation model, but to analyze how the 

existing model could be generalized. In particular, the objective is to identify which 

differences between national balancing markets could be represented through 

parameterization, thereby minimizing the need for code modifications when simulating new 

markets. Parametrization refers to replacing hardcoded assumptions, Finnish market rules, 

with adjustable input variables. Instead of modifying the model logic, different market 

designs can be represented by changing parameter values. 

K"#$!G&'&>)*',.&-+)$2,NN)')0D)4$

Based on the comparison of Finnish, Baltic, Polish, and Spanish balancing markets presented 

in Chapter 5, several market characteristics appear suitable for parameterization. These 

differences can potentially be represented as adjustable input values without requiring 

modifications to the core simulation logic. In practice, parameterization means that market-

specific values are defined as inputs to the simulation model rather than hardcoded into the 

model itself. When simulating a different market, only the parameter values need to be 

changed while the underlying model structure remains unchanged. 
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6.1.1 !Time-related parameters 

As discussed in Section 5.5, the analyzed markets differ in terms of activation times, 

activation capabilities, MTUs, and gate closure times. These time-related parameters could 

be implemented directly as input values without modifying the core simulation logic: 

¥! Activation time 

¥! Activation capability 

¥! MTU 

¥! Gate Closure Time 

These parameters affect the timing of market participation and battery operation. Since they 

can be expressed as numerical values that vary between markets, they appear well suited for 

parameterization. For example, a market-specific MTU could be defined as an input 

parameter with values of either 60 minutes or 15 minutes depending on the country being 

simulated. 

6.1.2 !Bid constraints 

Bid constraints define how assets can participate in balancing markets and vary slightly 

between the analyzed countries. The key parameters are: 

¥! Minimum bid size 

¥! Bid resolution 

These could be directly implemented as lower bounds in the optimization and as 

discretization constraints. Discretization constraints define the granularity at which decision 

variables, such as bid volumes, can take values. Instead of continuous values, bids must be 

submitted in predefined increments, such as 0.1 MW or 1 MW, reflecting market-specific 

rules. Since these differences are numerical, they are straightforward to parametrize. 
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6.1.3 !Remuneration structure 

Differences in remuneration structures may also be suitable for parametrization. As 

discussed in Section 5.5, capacity remuneration exists in all analyzed markets, whereas FCR 

energy remuneration only exists in Finland and is not present in Spain, Poland or Baltics. 

This can be represented using Boolean parameter that indicate whether energy payments are 

included. This allows different revenue structures to be modeled without modifying the core 

simulation logic. 

6.1.4 !Independent aggregation 

Aggregation rules introduce additional differences between markets, particularly regarding 

independent aggregation. In Spain, independent aggregation is not yet operationally 

available, as its implementation is still under development (Section 5.4.3), whereas it is 

permitted in most markets in Finland, Estonia, and Poland. This difference could potentially 

be represented through a Boolean parameter indicating whether independent aggregation is 

allowed. 

However, if compensation models associated with independent aggregation differ and need 

to be modeled, additional development may be required. Publicly available information 

regarding compensation fees was limited for the Baltic and Polish markets. 
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6.1.5 !Sanctions 

As discussed in Section 5.5, sanctions for undelivered energy show similarities across most 

analyzed markets. Finland, the Baltics, and Spain apply a similar calculation methodology 

but use different coefficients/multipliers. This suggests that sanctions could be 

parameterized using adjustable coefficients. 

In Poland, however, the sanction pricing methodology appears to differ from the other 

analyzed markets. The sanction depends on whether the missing balancing capacity was 

restored by the TSO and may be based on different market prices depending on the 

circumstances (Section 5.3.3). If the price calculation principle itself differs rather than only 

the coefficient values, simple parameter adjustments may not be sufficient. In such a case, 

implementing separate calculation logic for sanctions may be required. 

6.1.6 !Participation in European balancing platforms 

Another difference identified in Chapter 5 is the extent to which balancing products are 

integrated into the European balancing platforms PICASSO and MARI. Participation in 

these platforms affects how balancing energy is activated and exchanged across countries. 

From the perspective of the simulation model, participation in PICASSO and MARI could 

potentially be represented through Boolean parameters indicating whether a country 

participates in the platforms. Such parameters would allow the model to distinguish between 

nationally operated balancing markets and markets integrated into European balancing 

platforms. 
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Not all differences between balancing markets are meaningful to include as parameters in 

the model. Some market characteristics show no variation across the analyzed countries, 

while others might require structural changes to the simulation framework rather than simple 

adjustments to input values. 

The following characteristics were found to be identical across all analyzed markets: 

¥! BSP is not required to be a BRP 

¥! Clearing mechanism, all markets apply pay-as-clear  

Since no variation exists in these characteristics, parametrizing them would not provide 

additional flexibility or value. Keeping these assumptions hardcoded does not restrict the 

applicability of the model when analyzing Estonia, Poland, or Spain. However, this is not 

the case in all countries and the need to parametrize these should be assessed again if new 

countries are being considered. For example, in Sweden, being a BRP is a prerequisite to 

become a BSP (Svenska Kraftnät, 2024), and in Germany a pay-as-bid clearing mechanism 

is used in aFRR and mFRR capacity markets (Regelleistung, 2026). 

More complex differences arise in certain market structures, particularly in the Polish 

balancing market. In Poland, there seems to be supplementary balancing market auctions in 

addition to the primary balancing markets, which differs from the Finnish market structure. 

These markets also seem to operate with different MTU. Also, FCR pricing in Poland differs 

from Finland and the Baltics, as separate prices are determined for upward and downward 

reserves. 

Differences that introduce additional market layers or alternative market processes are 

generally less suitable for parameterization. For example, representing supplementary 

balancing market auctions would likely require the simulation model to represent additional 

market processes rather than simple changes to input parameters. Such differences would 

likely require further model development and therefore fall outside the scope of simple 

parameter adjustments. 
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This thesis examined the design of balancing markets in Finland, the Baltic countries, 

Poland, and Spain, with the objective of identifying key differences and evaluating their 

suitability for parametrization in a simulation model. The results show that, despite ongoing 

European harmonization, differences still remain in national balancing market designs. The 

key European balancing market harmonization initiatives discussed in this thesis and their 

primary functions are summarized in Table 13. 

The comparison showed that differences exist in reserve product availability, technical 

requirements, market time units, gate closure times, remuneration structures, and market 

access conditions such as independent aggregation. While European platforms such as 

PICASSO and MARI have harmonized energy activation processes, capacity markets 

continue to vary between countries. 
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The discussion of parametrization demonstrated that many of these differences could be 

effectively represented through adjustable parameters. Time‑related characteristics, bid 

constraints, remuneration structures, sanction coefficients and participation in European 

balancing platforms could be parameterized without requiring additional model 

development. 

However, not all market differences are equally suitable for parameterization. Differences 

introducing additional market layers or fundamentally different market processes are more 

difficult to represent through simple parameter changes. The Polish balancing market 



 

 

77 

provides an example of such structural differences, as supplementary balancing market 

arrangements may require additional development within the simulation model. 

Compared to existing literature on balancing markets, which often addresses regulatory 

frameworks and market efficiency, this thesis contributes a practical perspective by linking 

market design differences to simulation modelling. The findings support the possible 

generalization of an existing balancing market simulation model by identifying market 

characteristics that could be represented through adjustable parameters across countries. 

The study has certain limitations. The analysis is based on publicly available information, 

and some market details, particularly regarding aggregation and compensation mechanisms, 

were limited. Also, information available in English was limited especially for Poland and 

Spain. As a result, AI-assisted translations of original documents were used, which may 

introduce inaccuracies. In addition, only a selection of European countries was considered, 

and the results may not be directly applicable to all markets. 

Future research could extend the analysis to additional countries and include other market 

segments, such as intraday or distribution-level flexibility markets. Further work could also 

focus on developing a fully adaptable simulation model capable of representing multiple 

market structures without structural modifications. 
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