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Recent requlatory developments in electricity markets
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In recent years, regulatory developments in Europe have changed the framework conditions for power system balancing by affecting
reserve procurement, market time resolution, transmission capacity availability, and cross-border coordination through harmonized
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Harmonization of European balancing markets

/

platforms.
- - 15-min MTU in
EBGL adopted e QPO . Nordic flow-based go-live -
g P il IN-platform go-live MARI go-live J day-ahead market
GUIDE]  Fu Electricity Balancing == Z E ERR platf ’ Flow-based day-ahead ] )
==\ Guideline — IGCC imbalance netting @ turopean mriK platrorm market coupling SDAC implementation
- Establishes the legal Implemented across all
framework for European _ _ Cross-border platform for ) : European bidding zones
balancing integratiol,jq Enables imbalance netting manual FRR energy IFIOW rl::age_d ?Hoclitlodq : and borders
Provides the basis for MARI, : : . . ; ;
PICASSO, TERRE and Avtc_Jldst_opposme-d|rectlon FRR Shared merit-order quoﬂreectzar;iesi‘i/\ézmCigncsrtgsgjts resolution supports
i e netti activation ivati ing bi : flexibility and balancin
bal tt activation of balancing bids % g
\'mbalance netting ) U ) U ) U zonal trac_llng )\ )
2017 ® 2019 o 2021 ® 2022 o ® 2024 o ® 2025 o ® .

:

:

:

18 Mar 2025

"
"
)
3]
o
1 4
Q
E
<
=

FCR daily auctions go-live

"I"\ FCR cooperation
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Intraday auctions
introduced

SIDC intraday auctions
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15-minute intraday
in the Nordics
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Common merit-order
procurement of FCR capacity

More harmonized reserve
procurement across

cooperating TSOs

Cross-border platform for
automatic FRR activation

Supports continuous

balancing coordination

Implemented across Europe

Adds auction-based pricing
of cross-border capacity in
the intraday timeframe

15-minute MTU introduced in
Nordic intraday trading

More granular trading helps
match variable renewable
generation and demand
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Submit upward and
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energy bids
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balancing areas

Collect bids and
determine local
balancing needs
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e The TSO identifies the
need for manual
upward or downward
activation in its

Manually Activated Reserves Initiative (MARI)

e Common European
activation platform

e Shared merit-order
activation of mFRR bids

» Use of available
transmission capacity

 Harmonized activation
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e Cross-border optimization
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Research gap and objectives

Recent implementation of MARI and PICASSO changes balancing from a mainly national
process toward a coordinated European market design.

 Manual Frequency Restoration Reserve (mFRR) platform connecting European
TSOs for purchasing their mFRR activations.
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e Activated

balancing energy

Activation orders are
returned to TSOs;
balancing energy is
exchanged across
areas
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Key feature: manual balancing energy bids are activated through a common European merit-order platform.

Platform for the International Coordination of Automated Frequency
Restoration and Stable System Operation (PICASSO)
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Automatic Frequency Restoration Reserve (aFRR) platform connecting European
TSOs for enabling cross-border activation of aFRR balancing energy through
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. Capacity expansion: Optimal investments in generation, storage, and
transmission capacity.
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Outputs

. Day-ahead market: Hourly generation schedules using the day-ahead forecast.

MmFRR balancing market model
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Generation mix of activated mFRR

Up- and down-regulation by technology type in 2035
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Day-ahead and balancing prices
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Transmission flows for balancing
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Area frequency control model
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optimizes the dispatch of flexible units.
Modelling mFRR energy activation (MARI).

Flexibility provi

Simulates frequency deviations and reserves deployment to maintain grid stability
in real-time. &

Modelling aFRR (PICASSO) and FCR activation.
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Activation Optimization

and cross border activation in the

aFRR block.
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Research objectives automatic frequency restoration coordination.
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Balancing Tool Chain MFRR Balancing Market Model Area and frequency control model
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steps of the electricity markets and the balancing processes. « System imbalance (nFRR demand) MARI-inspired model formulation with the objectives: - The area and frequency control Continental Europe AFC model
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Next steps

Solar forecasts
* Integrate solar forecasts errors in the BTC framework

Validation of model
» Validation of mFRR market model compared to historical data

Multiple weather years

« Run mFRR model for multiple weather years and assess effect of harmonizing mFRR balancing markets

PICASSO AOF

« Improve model to correctly reflect PICASSO principle and aFRR activation

Sector-coupling
 Developing methodology for sector-coupling to heat and hydrogen in the BTC
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