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1.

Acronym

AAP

Terms, acronyms and definitions

‘ Complete Name

Average Available Power

Description

Average volume of balancing energy that can be activated by
the requesting TSO from balancing energy bids as a sum of
volumes of BEBs

aFRR

automated Frequency
Restoration Reserve

Automatic FRR means FRR that can be activated by an
automatic control device

aFRR IF

aFRR Implementation
Framework

A framework developed by TSOs in Europe for the
implementation of a European platform for the exchange of
balancing energy from frequency restoration reserves with
automatic activation, in accordance with Article 21 of
Commission Regulation (EU) 2017/2195, which establishes a
guideline on electricity balancing (EBGL).

AOF

Activation Optimisation
Function

Function that ensures the activation of the merit order from
CMOL through an optimization cycle with a fixed interval of less
than 10 seconds, using the requests and constraints received
from each participating TSO in real-time. The optimization
function must adhere to the following high-level principles in a
single optimization step leading to a global optimum: Control
FRCE to zero, Demand aFRR Compensation, Minimize Activation
Cost, Operational Safety.

API

Automatic Programming
Interface

An intermediary that enables different software applications to
interact and share data, functionalities, or services without
having access to each other's internal workings.

APL

Activation Price Limit

Price determined only based on the AOF output, without
considering the LFC output (approach that was used for CBMP
determination before update of pricing methodology in 2024).

BE

Balancing Energy

The energy activated by TSOs to maintain the balance between
injections and withdrawals in real time.

BEB

Balancing Energy Bid

The proposal made by a market participant to provide or absorb
balancing energy as needed by the TSO.

BSP

Balancing Service Provider

Balancing Service Provider (BSP) in the European Union Internal
Electricity Market is a market participant providing balancing
services to its Connecting TSO, or in case of the TSO-BSP Model,
to its Contracting TSO. Each TSO is responsible for procuring
balancing services from BSPs in order to ensure operational
security.

BZ

Bidding Zone

The largest geographical area within which market participants
are able to exchange energy without capacity allocation.

CBMP

Cross Border Marginal Price

Represents the price of the highest price bid of a standard
product which has been selected to cover the energy need for
balancing purposes between borders. The AOF computes the
balancing energy price per LFC area. In case there is no
congestions between adjacent areas, the price will be the same
in these areas. In case there is a congestion — there will be a
price split (principally like the day-ahead market)

CMOL

Common Merit Order List

The complete set of bids that is used in the optimizer of the
platform. The list of orders returned by the algorithm in merit
order - cheapest first.

Cczc

Cross Zonal Capacity

The capability of the interconnected system to accommodate
energy transfer between bidding zones.
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Acronym

EBGL

‘ Complete Name

Electricity Balancing
Guideline

Description

Regulatory framework and set of guidelines designed to ensure

the efficient and reliable operation of electricity grids within the
European Union. Key aspects of the Electricity Balancing
Guideline  include market integration, cross-border
cooperation, transparency and non-discrimination, security of
supply, market design, flexibility and integration of renewable
energy.

FRCE

Frequency Restoration
Control Error

The instantaneous difference between the actual and the
reference value for the power interchange of a control area,
taking into account the effect of the frequency bias for that
control area according to the network power frequency
characteristic of that control area, and of the overall frequency
deviation. The calculation of FRCE serves the purpose of
attributing responsibility to TSOs for any discrepancies in their
respective systems. The ultimate objective of FRCE is to achieve
a balance where FRCE equals zero, but aFRR often comes with a
certain time delay, as per the FAT. Thus a certain level of FRCE
is inevitable and is often seen as more or less a corrected ACE.
Looking ahead, there is a prospective evolution where ACE
would transform into FRCE, and subsequently, the FRCE would
undergo further adjustment. There are ongoing efforts to refine
the accuracy of these metrics.

Implementation Framework

The major regulatory document describing the aFRR platform
and market. The implementation of the balancing platforms are
required by the EBG, which doesn't describe how they should
work. It requests all TSOs to make a proposal how to design the
platform. It was conformed by regulatory bodies. There is one
framework per platform.

LFC

Load-Frequency Control or
Load-Frequency Controller

Automatic control device designed to reduce the FRCE to zero.
Physically this is a process computer that is usually
implemented in the TSOs control centre systems (SCADA/EMS).
The LF Controller processes FRCE measurements every 4-10s
and provides - in the same time cycle — automated instructions
to aFRR providers that are connected by telecommunication
connections. This is a control scheme created to maintain
balance between generation and demand, to restore the
frequency to its set point value in the synchronous area and,
depending on the control structure in the synchronous area, to
maintain the exchange power to its reference value. It performs
the following functions:
- be responsible for the frequency limitation process ;
- maintain power exchange at the programmed value;
- cooperate to restore the frequency to its set value after a
disturbance;

- be responsible for accounting for involuntary power deviations
within its territory.

TSO

Transmission System
Operator

Entities operating independently from the other electricity
market players that are responsible for the bulk transmission of
electric power on the main high voltage electric networks. TSOs
provide grid access to the electricity market players (i.e.
generating companies, traders, suppliers, distributors and
directly connected customers) according to non-discriminatory
and transparent rules. In order to ensure the security of supply,
they also guarantee the safe operation and maintenance of the
system. In many countries, TSOs are in charge of the
development of the grid infrastructure too.

VWAP

Volume weighted average
price

Average price of bids weighted by the respective bid volumes




PICASSO KPI Report 2025

2. Introduction

The Commission Regulation (EU) 2017/2195 of 23 November 2017 (from here on referred to as the EB
Regulation) lays down the guidelines for creating an integrated balancing market and thus, among
other, obliges all Transmission System Operators (hereinafter “TSOs”) to establish the European
platform for the exchange of balancing energy from frequency restoration reserves with automatic
activation (hereafter “aFRR platform”). Consequently, in line with Article 21(4) all TSOs had to develop
the Implementation Framework setting the rules for the implementation of aFRR platform.

According to Article 13(1) of the Implementation Framework for a European platform for the exchange
of balancing energy from frequency restoration reserves with automatic activation (hereafter referred
to as the “aFRRIF”), all member TSOs of PICASSO project shall monitor, evaluate, and report the
implementation and operation aspects of the aFRR-Platform at least on a yearly basis. This document
presents the operational results for January 2025 until and including December 2025 including the
methodology for the calculation and/ or evaluation individual key performance indicators in line with
the provisions of Article 13(1) aFRRIF.

3. The scope of the KPI Report

This report covers the operational period from January 2025 to December 2025. For TSOs which
accessed the platform during the reporting periods, only full months of operation are covered by the
report (e.g. accession on 20" June -> first reported month is July), the same approach is followed for
TSOs which started using elastic demand during the reporting period.

The following key performance indicators (hereinafter “KPI1”) are included in the report in line with the
provisions of the aFRRIF (Article 13.1):

a) ,the implementation progress and roadmap in accordance with Article 5;

b) the usage of elastic aFRR demand pursuant to Article 3(4), including the part of the
elastic demand that has been satisfied; the part of elastic demand that has not been
satisfied; and the influence of satisfying the elastic demand on the balancing energy price
determined pursuant to Article 30(1) of the EB Regulation

c) the amount of aFRR balancing energy requested by each participating TSO in relation to

the total volume of balancing energy pursuant to Article 29(12) of the EB Regulation;

d) the frequency and volume of deviations between the activation of bids by each
participating TSO and the selection of bids by the AOF as referred to in paragraph 3(b) and
(c), pursuant to Article 29(5) of the EB Regulation;

e) the impact on the economic surplus of minimising the volume of selected standard aFRR
balancing energy product bids for balancing energy pursuant to Article 11(2)(b);

f) aggregated information and detailed statistics on the bids which were declared as
unavailable by TSOs in accordance with Article 9;

g) the efficiency of the pricing method for aFRR pursuant to Article 30 of the EB Regulation;

h) the availability of cross-zonal capacity for the aFRR exchange on the platform;

i) the results of the survey conducted in accordance with Article 16(2)(a).”
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4. Key performance Indicators of the operation of aFRR balancing platform

4.1. afFRR IF 13(1)(a): The implementation progress and roadmap in accordance with
Article 5

According to Article 5(5) of aFRRIF, the accession roadmap should be published, and in particular, any
information on national derogations shall be updated when new information becomes available. The
accession roadmap shows the implementation progress of each TSO and gives stakeholders current
information on the development. This information is provided based on National Implementation
Roadmaps and reported at least twice per year at ENTSO-E website.

After all TSOs have connected to the aFRR-Platform, the roadmap under this paragraph is not
mandatory for the Report or depending on the decision of Steering Committee of PICASSO project
regarding to Article 5(5) of aFRRIF.

The latest published version (April 2025) of Accession roadmap for PICASSO can be found on PICASSO
website on ENTSO-E. Direct link: https://eepublicdownloads.blob.core.windows.net/public-cdn-
container/clean-

documents/Network%20codes%20documents/Implementation/picasso/PICASSO Accession Roadm
ap FEB 2026.pdf

4.2. aFRR IF 13(1)(b): The usage of elastic aFRR demand pursuant to Article 3(4),
including the part of the elastic demand that has been satisfied; the part of elastic
demand that has not been satisfied; and the influence of satisfying the elastic
demand on the balancing energy price determined pursuant to Article 30(1) of the
EB Regulation

According to Article 3(4): "A participating TSO may submit an elastic aFRR demand for positive or
negative balancing energy within one market time unit. In such case, a participating TSO shall respect
the following high-level principles:

a) The power threshold of the elastic aFRR demand shall be equal to or higher than the aFRR
capacity requirement, resulting from the application of the ratio between aFRR and mFRR
of the FRR capacity requirement determined for the relevant LFC block pursuant to the
FRR dimensioning rules as defined in Article 157 of the SO Regulation.

b) The elastic aFRR demand shall not be used in such a way that it imposes a cap on balancing
energy prices for all LFC areas or bidding zones."

The usage of elastic aFRR demand is represented by three different parameters:

i. The total aggregated volume of elastic aFRR demand submitted to the platform by the
requesting TSO. Data is shown in MWh.

ii. The total aggregated volume of elastic aFRR demand submitted to the platform by the
requesting TSO which is satisfied. Data is shown in MWh.

iii. The total aggregated volume of elastic aFRR demand submitted to the platform by the
requesting TSO which is not satisfied. Data is shown in MWh.

This KPIl and sub-KPIs are calculated separately for the upward and downward (elastic) demand. Note
that the results are shown in the report for the TSOs that actually implemented elastic demand. In the
review period, the values are therefore shown only for ELIA, RTE, APG, ENDK1, ENDK2 and TERNA.


https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Network%20codes%20documents/Implementation/picasso/PICASSO_Accession_Roadmap_FEB_2026.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Network%20codes%20documents/Implementation/picasso/PICASSO_Accession_Roadmap_FEB_2026.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Network%20codes%20documents/Implementation/picasso/PICASSO_Accession_Roadmap_FEB_2026.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Network%20codes%20documents/Implementation/picasso/PICASSO_Accession_Roadmap_FEB_2026.pdf
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(94%) (68%) (6%) (32%)
AP 19 866 -11311 18 836 -11 240 1029 (5%) | -71 (1%)
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(91%) (83%)
D 7 899 -5 637 4558 (58%) | -3 100 (55%) | 3 341 -2 537 (45%)
(42%)
A 16 125 -28 826 11 069 -25810 5055 -3016 (10%)
(69%) (90%) (31%)

Table 1 - Overall amount of elastic aFRR demand submitted to the platform by each TSO using elastic demand in MWh
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Table 3 - Monthly amount of elastic aFRR demand submitted to the platform by RTE in MWh
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Table 4 - Monthly amount of elastic aFRR demand submitted to the platform by APG in MWh
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Table 5 - Monthly amount of elastic aFRR demand submitted to the platform by ENDK1 in MWh
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Table 6 - Monthly amount of elastic aFRR demand submitted to the platform by ENDK2 in MWh
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Table 7 - Monthly amount of elastic aFRR demand submitted to the platform by TERNA in MWh
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Volume of elastic demand [MWh]

«10% ELIA - Monthly volumes of satisfied and non-satisfied elastic demand
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Figure 1 - Monthly amount of elastic aFRR demand submitted to the platform by ELIA in MWh
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Volume of elastic demand [MWh]

«10% RTE - Monthly volumes of satisfied and non-satisfied elastic demand

5 I I I I I I I

w
T

N
T

N
T

=)

1
-
T

2+

3 1 1 1 1 1 1

Jun 25 Jul 25 Aug 25 Sep 25 Oct 25 Nov 25 Dec 25

& Total Satisfied Elastic Demand Positive  [] Total Unsatisfied Elastic Demand Positive
[l Total Satisfied Elastic Demand Negative [J Total Unsatisfied Elastic Demand Negative

Figure 2 - Monthly amount of elastic aFRR demand submitted to the platform by RTE in MWh
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Volume of elastic demand [MWh]

APG - Monthly volumes of satisfied and non-satisfied elastic demand
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Figure 3 - Monthly amount of elastic aFRR demand submitted to the platform by APG in MWh
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Figure 4 - Monthly amount of elastic aFRR demand submitted to the platform by ENDK1 in MWh
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Volume of elastic demand [MWh]
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ENDK2 - Monthly volumes of satisfied and nonsatisfied elastic demand
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Figure 5 - Monthly amount of elastic aFRR demand submitted to the platform by ENDK2 in MWh
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X 104 TERNA - Monthly volumes of satisfied and non-satisfied elastic demand
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Figure 6 - Monthly amount of elastic aFRR demand submitted to the platform by TERNA in MWh

The evaluation of the impact of the elastic demand satisfaction is done based on the comparison of
two scenarios: Actual results (considering elastic demand) and Parallel results (shadow run for all
demand considered as inelastic). The comparison is made for Activation Price Limits, which
corresponds to prices based on the AOF output.
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Table 10 - Volume-averaged APL per month for APG (€/MWh)
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Table 13 - Volume-averaged APL per month for TERNA (€/MWh)

4.3. aFRR IF 13(1)(c): The amount of aFRR balancing energy requested by each
participating TSO in relation to the total volume of balancing energy pursuant to
Article 29(12) of the EB Regulation

According to Article 29(12) of EB Regulation: "Each requesting TSO may request the activation of
balancing energy bids from the common merit order lists up to the total volume of balancing energy.
The total volume of balancing energy that can be activated by the requesting TSO from balancing
energy bids from the common merit order lists is calculated as a sum of volumes of:

(a) balancing energy bids submitted by the requesting TSO not resulting from sharing of
reserves or exchange of balancing capacity;

(b) balancing energy bids submitted by other TSOs as a result of balancing capacity procured
on behalf of the requesting TSO;

(c) balancing energy bids resulting from the sharing of reserves under the condition that the
other TSOs participating in the sharing of reserves have not already requested the
activation of those shared volumes."

For the demonstration of the results for this KPI, the total available volume is represented as a sum of
volumes of balancing energy bids pursuant to Article 29(12) of the EB Regulation, including bids that
have been procured by other TSOs on behalf of the respective TSO. As aFRR is commonly dimensioned
and procured within Germany, the average volume requested and submitted by each of the German
TSOs is combined into one number.

As this KPI focuses on the average volume that is available as part of the common merit order list
(CMOL), the amounts may deviate from locally procured volumes.

To make requested and available volumes comparable, all values are shown as average power in MW.

() A erage a0 - ed bO - A prage 3 3 able po

Positive Negative Positive Negative
AP 129 -116 276 -259
P 79 -65 263 -292
D 416 -404 2221 -2189
A 116 -131 149 -341
D 89 -95 149 -307
D 30 -44 72 -129
P 31 -41 120 -129
237 -264 655 -1404
0 81 -83 59 -35
AD 119 -139 637 -125
36 -42 98 -111
50 -54 44 -51
i 21 -19 55 -52
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Average requested power (MW) Average available power* (MW)
ELER 29 -33 20 -36
RTE 617 -544 895 -899
REE 359 -347 1297 -1298
PSE 214 -235 521 -477
TERNA 304 -340 748 -1518

Table 14 - Yearly amount of average aFRR requested power requested by each participating TSO in MW

*To make requested and available volumes comparable, all values are shown as average power in MW. Average volume of
balancing energy is considered as aFRR Band.
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Table 15 - Monthly amount of average aFRR requested and available power (APG) in MW
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Table 16 - Monthly amount of average aFRR requested and available power (CEPS) in MW
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Average Available
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Average Available
Power (MW)

Table 20 - Monthly amo
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Table 19 - Monthly amount of average aFRR requested and available power (ENDK1) in
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Table 24 - Monthly amount of average aFRR requested and available power (ADMIE) in MW
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Table 25 - Monthly amount of average aFRR requested and available power (Fl) in MW
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Table 26 - Monthly amount of average aFRR requested and available power (LT) in MW
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Table 29 - Monthly amount of average aFRR requested and available power (RTE) in MW
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Table 31 - Monthly amount of average aFRR requested and available power (PSE) in MW
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Table 32 - Monthly amount of average aFRR requested and available power (TERNA) in MW

400 APG - Monthly average requested power and average BE that can by activated
T T T T T T T T T T T

T

T

300

N

o

o
T

-

o

o
T

Average requested power/BE [MW]
o

&
S
o
T
1

4 1 1 1 1 1 1 1 1 1 1 1 1
Jan 25 Feb 25 Mar25 Apr25 May25 Jun25 Jul25 Aug25 Sep25 Oct25 Nov25 Dec?25

[CI1BEB Positive [H Average requested power Positive
[IBEB Negative [ Average requested power Negative

Figure 7 - Monthly amount of average aFRR requested power and BE that can be activated by APG in MW
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CEPS - Monthly average requested power and average BE that can by activated
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Figure 8 - Monthly amount of average aFRR requested power and BE that can be activated by CEPS in MW
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DE - Monthly average requested power and average BE that can by activated
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Figure 9 - Monthly amount of average aFRR requested power and BE that can be activated by DE in MW
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ELIA - Monthly average requested power and average BE that can by activated
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Figure 10 - Monthly amount of average aFRR requested power and BE that can be activated by ELIA in MW
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300 ENDK1 - Monthly average requested power and average BE that can by activated
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Figure 11 - Monthly amount of average aFRR requested power and BE that can be activated by ENDK1 in MW
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150 ENDK2 - Monthly average requested power and average BE that can by activated
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Figure 12 - Monthly amount of average aFRR requested power and BE that can be activated by ENDK2 in MW
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SEPS - Monthly average requested power and average BE that can by activated
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Figure 13 - Monthly amount of average aFRR requested power and BE that can be activated by SEPS in MW
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TNL - Monthly average requested power and average BE that can by activated
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Figure 14 - Monthly amount of average aFRR requested power and BE that can be activated by TNL in MW
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ESO - Monthly average requested power and average BE that can by activated
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Figure 15 - Monthly amount of average aFRR requested power and BE that can be activated by ESO in MW
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Figure 16 - Monthly amount of average aFRR requested power and BE that can be activated by ADMIE in MW
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Figure 17 - Monthly amount of average aFRR requested power and BE that can be activated by Fl in MW
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Figure 18 - Monthly amount of average aFRR requested power and BE that can be activated by LT in MW
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Figure 19 - Monthly amount of average aFRR requested power and BE that can be activated by AST in MW
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Figure 20 - Monthly amount of average aFRR requested power and BE that can be activated by ELER in MW
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Figure 21 - Monthly amount of average aFRR requested power and BE that can be activated by RTE in MW
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Figure 22 - Monthly amount of average aFRR requested power and BE that can be activated by REE in MW
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Figure 23 - Monthly amount of average aFRR requested power and BE that can be activated by PSE in MW
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1000 TERNA - Monthly average requested power and average BE that can by activated
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Figure 24 - Monthly amount of average aFRR requested power and BE that can be activated by TERNA in MW

4.4. aFRR IF 13(1)(d): The frequency and volume of deviations between the activation
of bids by each participating TSO and the selection of bids by the AOF as referred
to in paragraph 3(b) and (c), pursuant to Article 29(5) of the EB Regulation

According to Article 29(5) of EB Regulation: "In the event that the activation of balancing energy bids
deviates from the results of the activation optimisation function, the TSO shall publish the information
about the reasons for the occurrence of such deviation in a timely manner."

Due to the application of the control demand model, the actual volumes of standard aFRR balancing
energy product bids requested by TSOs from their BSPs may deviate from the volumes of selected
standard aFRR balancing energy product bids as determined by AOF. These deviations depend on the
local characteristics of the load frequency controllers but cannot be prevented completely. The volume
of occurred deviations per TSO participating in PICASSO is shown in the following Table and Figure.

The absolute deviations are strongly impacted by the magnitude of the selected volume in each LFC
area and thus by the structure of the CMOL. To compensate this effect, the deviations are additionally
shown in relation to the total volume selected by the AOF in each LFC Area. This relative deviation is
mainly impacted by the dynamic behaviour of the load frequency controllers. However, it must be
considered that LFC areas may use different settings of the LFC controllers and differences in the local
implementation to quantify this amount do also contribute to differences in the relative deviations
between TSOs.
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Volume of absolute deviations in

Absolute deviations in relation to volume selected

MWh by AOF

50HZT | 62 431 27.4%
ADMIE | 265 578 56.3%
AMP | 32342 29.8%
APG | 109 351 52.8%
AST | 35124 36.6%
CEPS | 69803 49.1%
ELER | 26726 53.1%
ELIA | 145743 53.3%
ENDK1 | 136 603 32.6%
ENDK2 | 106 075 54.0%
ESO | 189142 132.8%
FI 17594 7.7%
LT 55 906 54.0%
PSE 160 372 37.7%
REE | 321978 32.2%
RTE | 696 929 34.5%
SEPS | 52832 41.7%
TERNA | 50 627 43.4%
TNG | 127871 24.7%
TNL | 578955 50.1%
TTG | 45476 29.3%
Total | 3287456 40.1%

Table 33 - Volume of absolute and relative deviations of each participating TSO in accordance with Article 13.3 of aFRR IF

* The data for this TSO/LFC Area cover only the full operational months after accession to PICASSO and not the whole
reporting period.
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Deviation between AOF selection and LFC output
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Figure 25 - The absolute and relative volume of deviations of each participating TSO

To evaluate the frequency of deviations between the activation of bids by each LFC and the bid
selection by the AOF, the deviations are grouped in 20 MW intervals. The lowest and highest 0.1% of
values are clipped and included in the last bins. The frequency of the occurrence of each interval is
shown as a histogram plot per LFC area:
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Figure 26 - Frequency of Deviations per LFC area as Histograms

As seen from the figures above, in all LFC areas the deviations are smaller than +/- 10 MW most of the
time. The probability of higher deviations depends mostly on the MOL structure and LFC settings.

It needs to be considered that the shown deviations are not equal to "non-AOF-volumes" that require
remuneration of bids at a bid-price that is higher than the Cross-Border-Marginal Price. The deviations
between bids activated by the LFC and bids selected by the AOF can be divided in differences in the
activation phase, deactivation phase and imperfect activation (over- or undershooting LFC output). See
for detailed explanations the aFRR IF explanatory document.

4.5.  aFRR IF 13(1)(e): The impact on the economic surplus of minimising the volume of
selected standard aFRR balancing energy product bids for balancing energy
pursuant to Article 11(2)(b)

According to Article 11(2) of the aFRR IF the prioritized objectives functions of the optimisation
algorithm are listed as follows:

(d) First priority: maximise satisfaction of the aFRR demand of individual LFC areas;

(e) Second priority: minimise the volume of selected standard aFRR balancing energy product
bids;

(f) Third priority: maximise the economic surplus;

(g) Fourth priority: minimise the amount of the automatic frequency restoration power
interchange on each aFRR balancing border.

For this KPI, the economic surplus generated by the PICASSO platform has first been calculated by
comparing the consumer rent, producer rent and congestion rent of the aFRR market to a
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(hypothetical) reference scenario in which the same bids and demands are considered but no cross-
border exchange of aFRR is performed. For this calculation, the same method is applied as in the past
ENTSO-E Balancing Reports. It must be considered that:

e economic surplus generated by the additional satisfaction of demands that would not
have been satisfied without PICASSO is not considered in these numbers, since the price
of these volumes is not unambiguous,

e economic surplus from the aFRR interchange within the control block of Germany is not
considered, even though it is also controlled by the PICASSO platform.

The economic surplus is shown per month and participating country in the following figure. The total
economic surplus for January 2025 - December 2025 equals 464 Mio. Euro.
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Figure 27 - Economic surplus of the PICASSO platform
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Social Welfare Gain PICASS0 per Month
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Figure 28 - Additional economic surplus of the PICASSO platform when not minimising the selection of bids

4.6. aFRR IF 13(1)(f): Aggregated information and detailed statistics on the bids which
were declared as unavailable by TSOs in accordance with Article 9

Article 9 (2) of the aFRRIF allows TSOs to change the availability status of bids in accordance with Article
29 (14) of EG Regulation. However, none of the TSOs that have participated on the PICASSO platform
during the time period of this report publish this information. Because of this, no evaluation of changes
to bid availability for specific reasons is included in this report.

4.7. aFRR IF 13(1)(g): The efficiency of the pricing method for aFRR pursuant to Article
30 of the EB Regulation and the availability of cross-zonal capacity for the aFRR
exchange on the platform

The efficiency of the pricing method pursuant to Article 13(1)(f) of aFRR Implementation Framework
is corresponding with the provisions of "Entso-E definition of performance indicators in accordance
with ACER Decision 03/2022 on the amended Pricing Methodology in accordance with Article 30(1) of
Commission Regulation (EU) 2017/2195 establishing a guideline on electricity balancing". Therefore,
the performance indicators methodology used for the purpose of the Quarterly Pricing Reports was
also used for the purpose of this Key performance indicator report prepared on a yearly basis. The
availability of cross-zonal capacity for the aFRR exchange on the platform is reported in the following
Chapter.

The Article 30 of the EB Regulation is a basis for the development and implementation of the Balancing
Pricing Methodology. Balancing Pricing Methodology was adopted by ACER on 24. 1. 2020 as first
amended by the ACER decision 03/2022 published in February 2022. The Balancing Pricing
Methodology introduced a transitory upper price limit of 15 000 EUR/MWh and a transitory lower
price limit of - 15 000 EUR/MWh for the first 4 years of the European balancing platforms' operations,
until July 2026. Second amendment of the methodology came with the ACER decision 09/2024
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published in July 2024. This amendment introduces changed methodology of the CBMP setting and
the price limit updates.

The measurement of the efficiency of the pricing method for aFRR is based on three indicators defined
in article 9(4) of the amended Balancing Pricing Methodology that are reported on yearly basis:

a)

b)

c)

4.7.1.

monthly average values of used and available cross-zonal capacity for the exchange of
balancing energy per each bidding zone border and direction;

average percentage of both submitted and activated standard balancing energy bids per
product and per direction with prices higher (and lower) than 50%, 75%, 90%, 95% and
99% of the upper (and lower) transitional price limit;

volume weighted average price of the last (most expensive) 5% of the volume of
submitted standard balancing energy bids for each European balancing platform per
direction and per participating TSO;

Average percentage of submitted and activated standard balancing energy bids compared
the upper (and lower) transitional price limit

This Pl calculates the average percentage of all submitted (CMOL) and selected standard balancing
energy bids on a monthly basis. In total, 20 values are to be reported per platform: five values (50%,
75%, 90%, 95% and 99%) in upward and respectively in downward direction for a) submitted and b)
selected balancing energy bids. In summary, this indicator is calculated as:

1.

Submitted upward balancing energy bids with prices higher than [50%, 75%, 90%, 95%,
99%] of the transitional price limit

Submitted downward balancing energy bids with prices lower than [50%, 75%, 90%, 95%,
99%] of the transitional price limit

Selected Upward balancing energy with prices higher than [50%, 75%, 90%, 95%, 99%)] of
the transitional price limit

Selected Downward balancing energy with prices lower than [50%, 75%, 90%, 95%, 99%]
of the transitional price limit

Legal reference according to Article 9(4) of the common methodology for the pricing of balancing
energy and cross-border capacity.

Threshold | 50% 75% 90% 95% 99% 50% 75% 90% 95% 99%

Jan 2025 4.72% | 3.30% | 2.67% | 2.58% | 2.46% | 7.38% | 3.94% | 2.34% | 1.93% | 1.86%

Feb 2025 5.50% | 3.71% | 3.13% | 3.06% | 3.06% | 7.03% | 3.75% | 2.42% | 2.13% | 1.92%

Mar 2025 5.44% | 3.37% | 2.93% | 2.80% | 2.57% | 5.16% | 2.90% | 2.11% | 1.96% | 1.74%

Apr 2025 5.26% | 3.54% | 3.29% | 3.19% | 2.77% | 3.63% | 2.34% | 1.97% | 1.89% | 1.31%

May 2025 6.98% | 4.75% | 4.21% | 4.03% | 2.74% | 3.65% | 2.35% | 1.99% | 1.92% | 1.65%

Jun 2025 6.08% | 3.72% | 3.34% | 3.19% | 2.60% | 4.26% | 2.80% | 2.39% | 2.30% | 1.99%

Jul2025 5.06% | 2.68% | 2.37% | 2.16% | 1.98% | 4.17% | 2.73% | 2.26% | 2.11% | 1.83%

Aug 2025 5.23% | 3.08% | 2.66% | 2.50% | 2.12% | 3.39% | 2.11% | 1.77% | 1.73% | 1.49%

Sep 2025 5.66% | 3.76% | 3.42% | 3.29% | 2.72% | 4.13% | 2.72% | 2.39% | 2.36% | 2.10%

Oct 2025 4.48% | 2.79% | 2.59% | 2.49% | 1.79% | 3.90% | 2.35% | 2.09% | 2.06% | 1.83%

Nov 2025 4.10% | 2.53% | 2.44% | 2.32% | 2.00% | 3.40% | 1.70% | 1.39% | 1.32% | 1.12%

Dec 2025 3.70% | 2.27% | 2.13% | 1.95% | 1.51% | 2.78% | 1.37% | 1.08% | 1.01% | 0.83%

Table 34 - PICASSO - Average percentage of submitted bids over certain price limits
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DO e aFRR oo 2ERR
Threshold | 50% 75% 90% 95% 99% 50% 75% 90% 95% 99%

Jan 2025 0.022% | 0.002% | 0.002% | 0.002% | 0.002% | 0.003% | 0.001% | 0.001% | 0.001% | 0.001%
Feb 2025 0.008% | 0.003% | 0.002% | 0.002% | 0.002% | 0.011% | 0.006% | 0.006% | 0.006% | 0.006%
Mar 2025 0.016% | 0.006% | 0.005% | 0.005% | 0.005% | 0.023% | 0.020% | 0.019% | 0.019% | 0.019%
Apr 2025 0.012% | 0.006% | 0.006% | 0.006% | 0.006% | 0.011% | 0.005% | 0.005% | 0.005% | 0.004%
May 2025 0.066% | 0.046% | 0.044% | 0.044% | 0.043% | 0.006% | 0.004% | 0.004% | 0.004% | 0.004%
Jun 2025 0.069% | 0.018% | 0.017% | 0.016% | 0.016% | 0.069% | 0.053% | 0.053% | 0.052% | 0.052%
Jul2025 0.029% | 0.010% | 0.010% | 0.010% | 0.010% | 0.013% | 0.007% | 0.007% | 0.006% | 0.006%
Aug 2025 0.001% | 0.000% | 0.000% | 0.000% | 0.000% | 0.005% | 0.002% | 0.002% | 0.002% | 0.002%
Sep 2025 0.033% | 0.017% | 0.016% | 0.016% | 0.016% | 0.005% | 0.002% | 0.002% | 0.002% | 0.002%
Oct 2025 0.023% | 0.007% | 0.006% | 0.006% | 0.006% | 0.013% | 0.004% | 0.003% | 0.003% | 0.003%
Nov 2025 0.013% | 0.003% | 0.002% | 0.002% | 0.002% | 0.002% | 0.000% | 0.000% | 0.000% | 0.000%
Dec 2025 0.005% | 0.004% | 0.004% | 0.003% | 0.003% | 0.000% | 0.000% | 0.000% | 0.000% | 0.000%

Table 35 - PICASSO - Average percentage of selected bids over certain price limits

4.7.2. Volume weighted average price of the most expensive balancing energy bids

The VWAP of the last 5% of the submitted bids per platform, per direction and per participating TSO is
calculated on a monthly basis. Each balancing platform provides two values per connected TSO, one
for upward and one for downward direction. Calculation of VWAP as defined in Quarterly Pricing
Reporting (see here) is as following:

1. VWAP of the last 5% of the upward balancing energy bids submitted per TSO connected
to the platform
2. VWAP of the last 5% of the downward balancing energy bids submitted per TSO connected
to the platform
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Figure 43 - VWAP of the 5% most expensive aFRR bids submitted [EUR/MWh] RTE
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Figure 44 - VWAP of the 5% most expensive aFRR bids submitted [EUR/MWh] REE

73



PICASSO KPI Report 2025

15000

12500

10000

7500

5000

2500

-2500

VWAP [€/MWh]
o

-5000

-7500

-10000

-12500

-15000

T T T T T T T T T T T T
- N ITo} o Te} o
o o » - <
-~ AN ~— N N
< © © © To)
] ] ] ] ] ] ] ] ] ] ] ]
)} 2] ) ) 1) ) o) o) o) )
ypﬁﬂqwﬁﬂ@@ninjﬂ@wﬁﬂs jﬂ pjﬁ @?ﬂ jﬂ jﬂﬁyjﬂ cjﬂ
N RN AR NS N o >

[ PSE VWAP Top 5% Positive [l PSE VWAP Top 5% Negative
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Figure 46 - VWAP of the 5% most expensive aFRR bids submitted [EUR/MWh] TERNA

4.8.  aFRR IF 13(1)(h): The availability of cross-zonal capacity for the aFRR exchange on
the platform

4.8.1. Monthly average values of used and available cross-zonal capacity for the exchange of
balancing energy

The monthly average values of used and available cross-zonal capacity (CZC) for the exchange of
balancing energy are calculated for each balancing energy platform per bidding zone border in both
directions. Please note that the calculation of monthly average values does not allow to draw specific
conclusions about the availability of CZC in single quarter-hours. Please note also that the use of CZC
from A to B does not distinguish between fulfilment of an upward balancing energy demand in B or
fulfilment of a downward balancing energy demand in A.

Data is calculated as:

1. CZC available per BZ border and direction for the aFRR exchange
2. CZC used per BZ border and direction for the aFRR exchange

January 2025 \February2025 March 2025 April 2025
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January 2025 February 2025 March 2025 April 2025

275 26 207 22 694 37 573 35
123 4 99 3 295 6 350 6
272 46 271 45 450 59 562 59
104 16 149 21 180 35 163 33
242 13 377 19 471 22 803 28
1549 45 1687 41 2284 42 1988 36
0 -0 0 -0 0 -0 7 1
464 43 797 52 1001 75 745 75
269 15 147 18 487 26 1257 40
36 10 31 7 32 7 40 6
0 0 0 0 0 0 0 0
0 0 0 0 0 0 3 2
35 6 33 6 23 9 36 14
337 29 265 30 309 21 418 40
305 55 282 64 578 64 583 72
0 -0 0 -0 0 -0 0 -0
520 27 589 32 756 32 974 35
634 18
1558 30

Table 36 - PICASSO - Monthly (01/25 - 04/25average values of used and available CZC for the exchange of aFRR [MW]

May 2025 June 2025 July 2025 August 2025

288 23 157 11 226 28 331 25

549 48 420 51 369 52 413 32

118 15 232 32 154 21 160 24

930 33 899 33 778 37 637 31

529 23 463 24 504 16 619 35

1116 39 750 24 788 28 700 13

279 7 267 6 236 5 412 5

446 45 373 46 599 55 903 54

134 23 174 26 205 29 197 30

476 33 242 18 562 18 950 30

1319 37 1368 43 2041 45 1317 37

627 59 493 39 643 51 722 58

816 30 909 23 697 25 1231 37

44 12 40 8 34 6 58 14

583 63 554 68 496 47 535 59

862 98 806 89 773 93 773 110

852 30 376 19 666 20 964 20

1202 23 978 18 992 20 1298 24

1038 25 1223 29 1065 29 881 20

1356 70 1113 78 988 50 1500 69
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May 2025 June 2025 July 2025 August 2025
905 92 669 86 867 87 772 81
20 5 26 8 28 10 25 8

762 14 642 15 358 16 538 17

184 12 343 23 235 25 274 30
261 15 814 52 384 54 353 50
729 15 762 24 753 21 910 20
1142 12 839 13 1247 15 1039 14
709 15 756 17 641 14 943 20
2265 42 3495 49
1242 31 1325 36

501 18
568 57
92 25
826 38
872 66
101 20
486 7
471 15

Table 37 - PICASSO - Monthly (05/25 - 08/25average values of used and available CZC for the exchange of aFRR [MW]

September October 2025 November December
2025 2025 2025
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September October 2025 November December
2025 2025 2025
1311 80 1361 70 1091 68 990 73
630 51 379 40 666 46 552 38
11 4 30 9 30 6 30 8
480 18 370 14 302 13 373 13
6 3 11 5 9 5 11 5
237 15 346 19 231 26 444 32
313 19 551 42 72 24 334 45
936 14 967 18 1049 21 970 28
1157 11 1317 13 1388 12 1536 15
1084 24 1014 19 879 16 807 12
3212 56 2550 82 2098 65 3946 91
919 39 1156 51 2133 67 1762 59
420 19 385 29 180 9 260 12
353 46 279 32 127 21 164 24
96 25 105 24 84 13 42 10
448 28 525 31 336 36 207 26
797 62 468 56 831 76 981 72
93 20 101 18 109 17 143 20
408 9 344 8 370 7 292 6
282 14 335 14 211 9 284 11
90 14
323 38
51 15
5639 62

Table 38 - PICASSO - Monthly (09/25 - 12/25average values of used and available CZC for the exchange of aFRR [MW]
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Average Availability and Use of CZC between January 2025 and December 2025
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Executive Summary

All TSOs’ Report pursuant to Article 13(4) of the aFRR Implementation Framework

This report fulfils the requirement under Article 13(4) of the aFRR Implementation Framework (aFRR IF)
(see Chapter 1). The analysis has been conducted jointly by all TSOs based on expert assessments and
simulation studies of three control models: Control Demand Model (CDM), Control Target Model (CTM),
and Control Request Model (CRM).

Key Findings

1.

System Security and Operational Performance
CDM is a robust and reliable model, CTM/CRM introduce additional complexity and risks

without clear benefits. This is shown by multiple findings from the report, summarized in the
following paragraph.

All three control models (CDM, CTM, CRM) demonstrate broadly similar physical activation
outcomes in terms of balancing energy delivery, despite differences in how signals are processed
within the control loop. The currently used CDM benefits from a proven track record of stable
operation and robustness, as the optimization occurs outside the core control loop of Load
Frequency Controllers (LFCs).

In contrast, CTM and CRM integrate the optimization within the control loop, increasing
interdependencies between TSOs and requiring accurate modelling of dynamic responses (via
correction function Gcorr).

A recent PhD thesis states that stable operation is expected for CTM/CRM under realistic
conditions, although it cannot guarantee stability in all cases. Simulations support that there will
probably not be problems with the power system stability when changing to CTM/CRM.
However, in real operation, varying BSP dynamics introduce unavoidable activation
inefficiencies for CTM/CRM (e.g., over/undershoots).

Furthermore, a disconnection from the CTM/CRM PICASSO platform under the considerations
stated in this analysis would lead to a complete loss of cross-border netting which is considered
an unacceptable operational risk. Overall, a change in control model would not improve—and
may reduce—system security.

Deviations and KPI Interpretation

Because CTM/CRM optimize the control target or control request, they are expected to not have
any deviations as defined in the aFRR IF, leading to more meaningful activations and higher social
welfare. The analyses shows that this is not correct. Deviations (as defined in aFRR IF) cannot be
eliminated by switching to CTM/CRM. For example, deviations will still be caused due to
communication delays. More importantly, the study found that the deviations that are there by
design in CDM, have limited physical impact on actual BSP activations.

The current KPIl on the frequency and volume of deviations is therefore not meaningful and should
be re-established, as it suggests non-existing large inefficiencies that are not reflected in
operational performance.
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Economic Efficiency and Pricing

Simulations show that total exchanged balancing volumes over time are roughly equivalent across
CDM, CTM, and CRM. Moreover, the updated pricing methodology (introduced following ACER
Decision 09/2024) aligns CDM pricing outcomes with those expected from CTM/CRM (“CTM-like
pricing”).

As a result, no substantial economic efficiency gains or price improvements are expected from
transitioning to CTM or CRM.

Implementation Effort and Transition Risks

Transitioning to CTM or CRM would effectively require building a new platform, with very high
implementation costs and long lead times, on both the platform side and TSOs side. The
transition would also significantly increase operational complexity, including impacts on IT
systems, market processes, BSP monitoring, and coordination across stakeholders.

A phased migration (TSO-by-TSO — the only option given that CDM and CTM/CRM cannot coexist
for the same LFC area) would result in a prolonged period of suboptimal system-wide efficiency,
with no incentive for early adopters and overall welfare losses.

Proposal by all TSOs

Based on all the simulations, considerations and analyses, the position and proposal of all TSOs is:

That CDM remains the best choice for the PICASSO platform, ensuring proven operational
security, sufficient level of diversification of operational processes to cope with the specificities
of different technology landscapes, and enabling co-existence with IGCC.

That there is no need to analyze alternative control models again in the future, unless an external
development would show great potential if (or even requires to be) the PICASSO platform were
to move to a different control model.

The existing KPI on the amount and frequency of deviations is not meaningful, and does not
correctly represent the operational efficiency of the platform. All TSOs propose to continue
working on this point specifically with the aim to reach a better KPI. At the moment, despite some
effort was put into this, no convincing results have been reached yet.
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1. Grounds for this report

- According to Article 13.1(d) of the aFRR Implementation Framework (aFRR IF) all member TSOs shall
monitor, evaluate and report the “frequency and volume of deviations between the activation of bids
by each participating TSO and the selection of bids by the AOF”.

- Article 13.3(a) of the aFRR IF further specifies that such deviations are defined as ,the differences in
MWh between the AOF output pursuant to 11.5(c) and the volume requested by activation by the
participating TSO over the specific aFRR MTU".

- Article 13.4 of the aFRR IF states that “Following the annual report published two years after the
implementation deadline for the aFRR-Platform, all TSOs shall compare alternative control models and
analyze the options to minimize the reported deviations and no later than 12 months after the
publication of the report shall propose amendments to this aFRR IF with the aim to address the
deviations or change the monitoring of deviations”.

=  With regard to the timing of the assessment, a period of two years after the implementation
deadline was considered reasonable, as it was expected to allow TSOs sufficient time to
accede to the aFRR-Platform and to gain (at least) two years of experience with the operation
and impact of the aFRR-Platform. However, in reality, the majority of TSOs have either only
very recently realized their accession to the aFRR-Platform or are in the process of their
upcoming accession.

= Consequently, it was therefore agreed with ACER, as reflected in ACER Opinion 03-2025, that
this analysis will be published in July 2026.

This document presents the results of the analysis carried out by all member TSOs, including a comparison
of alternative control models and an assessment of options to minimize the reported deviations, in line
with Article 13.4 of the aFRR IF.

2. Basic introduction to used control models

In the context of balancing energy (BE), specifically BE from frequency restoration reserves with automatic
activation, three theoretical options exist for a signal to be optimized by the aFRR-Platform (PICASSO):
control demand, control target and control request [1]. Figure 1 presents a simplified schematic of a
load-frequency controller (LFC), with the control signals explicitly indicated. The LFC determines the
amount of aFRR that should be activated to compensate the area control error (ACE, also known as
Frequency Restoration Control Error FRCE). The ACE is constructed based on the power control error (the
deviation between P set, the scheduled power interchange of the LFC area, and Py, o1, the sum of the
active power flows over physical and virtual tie lines), the frequency control error (the estimation for the
actual amount of active power in the LFC area in response to the system frequency, denoted as KAf), and
the already-activated aFRR, P,grr- The output of the LFC, Prarget, is used to determine the request-signals
to individual BSPs, taking into account the LMOL and BSP-specific ramps. The BSPs (grey in Figure 1) react
to this Prequest- Their dynamic response results in the activation of aFRR, P,grg. One of the main
distinctions between the control demand, control target and control request signals, which can be
observed from Figure 1, is their position within the control loop. The control demand signal originates
prior to the LFC, whereas the control target and control request signals originate after the LFC.
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Figure 1 Schematics of LFC and different exchanged signals [1]

Both the aFRR-Platform (PICASSO) and IN-Platform (IGCC) currently operate under the Control demand
model (CDM), which has been used since the start of the operation of both platforms.

2.1. Control Demand (CDM) — short description
In the CDM, the signal sent to the aFRR-Platform and optimized is the aFRR demand (P gemmang) of the LFC.
The Activation Optimization Function (AOF) of the aFRR-Platform uses this signal to determine the aFRR
correction value for each LFC area, based on the Common Merit Order List (CMOL) and the available aFRR
cross-zonal capacity (CZC). The correction value, together with the correction value from IGCC and the
value of already activated aFRR, corrects the aFRR demand of the LFC Area, which then serves as the input
for the local LFC [2].

The following Figure 2 presents a more detailed scheme of the CDM for LFC area i. As shown in the figure,
the AOF only affects the input of the LFC / PI controller. The optimization is performed prior to the PI
controller and does not interfere with the dynamics of the system. As a result, the closed loops of the
individual LFC areas remain unaffected by the AOF, and system stability is guaranteed (assuming the LFC
areas were stable without AOF) [2]. This also implies that a disruption or disconnection from the AOF does
not affect the system's stability, and the disconnected LFC area automatically falls back to only correcting
its own FRCE.

Prreeg: = Prregq + Peoni (4.2)
Leorr i AOF k Plemand i
PrReE.i ]
P, FRR.SW.i PaFRR.isl.i
PI 2 SaALR: GaFRR.i(S)

Figure 2 Scheme of Control Demand model [3]

In Figure 2, the calculation of Pggcg; is more detailed than how it was introduced in Figure 1: the signal is
calculated based on the measured actual power interchange P i ;, the scheduled power interchange
Pp sw i and the correction element Knet,; Af, which accounts for the approximate compensation of FCR
provision and frequency dependence of the loads. During operation, Py ;s ; is measured, but for simulation
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purposes, it can be represented as the sum of the frequency-dependent power change of the loads (self-
regulation effect of the grid) APy, ;, the total FCR power Pgcp jst i, the total aFRR power P ggrpg jst; and the
active power imbalance APz ; , as is illustrated in Figure 2 [3].

In the CDM, the result of the optimization is the correction value P, ;. This signal is added to Pprcg i,
resulting the modified FRCE f’FRCE’i, The signal P,prrsw,; represents the setpoint for automatic FRR
activation [3].

2.2. Control Target (CTM) — short description
In the CTM, the signal sent to the aFRR-Platform and optimized is the control target (Prarget) Of the LFC,
which is the setpoint for automatic FRR activation. This signal is the direct output of the LFC, before
filtering it to the control requests for the balancing service providers (BSPs) [4].

The following Figure 3 presents a more detailed scheme of the CTM/CRM (without ramping). In this
configuration, the AOF is positioned between the LFC / Pl controller and the BSPs. As a result, the
correction value for aFRR requests provided by the AOF is in the middle of the dynamic system of the
individual LFC area. The AOF affects the output of the dynamic system, but at the LFC input, this is not yet
“known”. Therefore, an additional signal from the AOF to the LFC input is necessary to account for the
exchanged aFRR. As a result, the LFC input no longer corresponds solely to the FRCE. Therefore, the
optimization results must be considered both before and after the LFC [2] [3].

This approach — optimization of the control target means that the optimization itself is part of the
individual control loops, therefore connecting (coupling) the individual control loops. As a result, the
dynamic interaction between the control loops becomes much more complex, and the stability of the
CTM/CRM cannot be trivially proven [2].

PA.S\-’\-’j

FP.rrrsw.i Prorsw.i
Garrr.i(s)

L I__>

AOF PR ist.i

PAOF,COII‘.E

& <

Figure 3 Scheme of Control Target / Contrel Request (without ramping) model [Error! Bookmark not defined.]

The doctoral thesis of Philipp Maucher [3] provides a stability proof for CTM and CRM under specific
conditions; The TSOs would need to implement a new, additional function, called the correction
dynamics G, ; (). The purpose of this transfer function is to transform the AOF output — specifically,
the aFRR correction values Pyop corr,; Which indicate the aFRR exchange into or out of respective LFC area
— before passing them to the LFC Pl controller. The signal Py gc in,corr,i Fepresents the correction signal
applied to the LFC input Ppgcin, and can be interpreted as the contribution of a virtual provider with
activation dynamics covered by the correction dynamics Gcorr; (S). The signal Pyopsw ; represents the
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aFRR setpoints provided as the output of the AOF. When carefully designed, CTM with G,; () is
proven to be stable within typical operating conditions of the European power system [3].

2.3. Control Request (CRM) — short description
In the CRM, the signal sent to the aFRR-Platform and optimized is the aFRR request / aFRR setpoint
(Prequest) of the LFC, which is the sum of the signals sent to the BSPs for physical activation. This signal is
for some TSOs the same as the aFRR setpoint, while for other TSOs, it is a linearized setpoint value that
accounts for ramping rates. This depends on the followed approach to aFRR activations.

The AOF either sends the control requests to the TSOs, which are then forwarded by the TSOs on to the
relevant BSPs, or sends a correction signal to the TSOs to adjust the control request, which the TSOs
subsequently pass on to the relevant BSPs [2].

Without including the BSP ramps in the control request, CRM and CTM are identical. With ramping, the
difference compared to the scheme in Figure 3 lies in the signal P ggrg sw i, to which ramping constraints
would be applied.

Consequently, a coordinated parameterization of all involved load-frequency controllers, in coordination
with all participating BSPs is required. Such parametrization will have an impact on the utilization of the
flexibility provided by fast BSPs [2]. The same is true for CTM, and will be better elaborated in Chapter
5.3.1.

3. General considerations for CTM/CRM

As a first step, all TSOs have analyzed together with TransnetBW (CSP and host of both PICASSO and
IGCC) the possibilities for implementation of a different control model — either CTM or CRM —in
PICASSO (and potentially also IGCC), and have derived a few key considerations.

3.1. Overlap between CDM IGCC and CTM/CRM PICASSO
A main finding is that no overlapping would be possible between the geographical scopes of IGCC in
CDM and PICASSO in a new control model, either CTM or CRM.

The underlying points for that statement will be posted in a contradictory manner (“what would the
problem look like if overlapping was possible”) and will be followed intuitively. At first, let there be an LFC
area with a Pl controller. Secondly, a demand, which is prior to the PI controller, is sent to the CDM AOF
to be optimized; this CDM AOF returns correction values which are summed with the original demand.
This summed signal is then fed into the LFC as an input. The LFC acts as a Pl controller, which proportionally
changes and integrates the LFC input. Thirdly, from this, the LFC output is either as unramped or ramped
signal, fed to the CTM/CRM AOF. This AOF does a second optimization. However, because PI controllers
of different LFC areas have different settings (which is necessarily based on the dynamic behavior of BSPs
in stand-alone operation of each LFC area), it can happen, that the CTM/CRM AOF contradicts the output
from the CDM AOF and causes exchange of balancing energy that is opposite of the original exchange
based on CDM AOF. This way the exchanged balancing energy can be (at worst) double counted in the
cross-border exchange.
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To prevent that, either the CTM/CRM AOF would need to have information about what had been
happening prior to the LFC (time-wise in the past) and impose limitations on the balancing energy
exchange, or the CDM AOF would need to have information about every LFC behavior (leaving aside other
dynamics, f. ex. HVDC) and a dynamic model would need to exist in the CDM AOF to “predict the future”.

The first option would prevent the CTM/CRM AOF from reaching the optimal solution as the “boundaries
from the past” would limit the pool of possible solutions and also bring non-linear constraints (f. ex. on
the sign of the solution) to the optimization function. The second option, even though not bringing such
strict boundaries to the AOF solution, would imply that the optimization would have to include the models
of the Pl controllers while trying to respect the future outcome of the second optimization. This would
change the current linear problem into a mixed-integer problem which is numerically difficult and for
which a solution not always has to exist.

Consequently, neither of these options (“respecting past” or “predicting future”) meet the requirements
for the PICASSO platform — either imposing additional limits, or formulating a mathematical problem, that
is not suitable for a real-time operation.

3.2. Other considerations
Even though formulated in a limited form, the following list of considerations is no less important for
correct understanding the subsequent results:

a. Netting of requests, or targets, would be possible in principle, although it would have a different
logic from the process as we know it today. Netting is currently based on a proportional
distribution of the “raw” netting potential. When exchanging targets or requests, the dynamics
of the LFCs would already play a role in the “input” to the optimization problem.

b. Transitioning PICASSO to a different control model would require a very high implementation
effort (see Chapter 7).

c. Netting of targets (or requests) can be performed implicitly in PICASSO, in the corresponding
control model (only for PICASSO participants, not for IGCC-only participants).

d. Al TSOs see the transitioning of IGCC into a platform for netting of targets (or requests)
inefficient mainly based on:

i.  The netting would be affected by the LFC settings of participating TSOs, which
would impair the current proportional distribution principle.

ii.  Changing IGCC to a different control model would imply a very high workload
and increase the operational complexity of the platform (both comparable to
what can be expected for the migration of PICASSO).

e This would jeopardize the expected accessions from Energy Community
Countries (EnCs). Mainly because it would be more difficult for such
countries to fulfill the necessary implementation, but also because CSP
would be absorbed by the transition of the platform itself.

iii. Moreover, the expected benefits would be low, as a large share of netting will
already happen implicitly in PICASSO.

e. The stability of operating PICASSO in different control model while keeping IGCC in CDM is not
proven (as elaborated in Chapter 3.1)

f.  What follows is that a TSO could not be simultaneously connected to IGCC in CDM and to
PICASSO in CTM/CRM.
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g. This means that no overlapping would be possible between the geographical scopes of IGCC (as
is, in CDM) and PICASSO (in a new control model, either CTM or CRM). This has several
consequences that will be further elaborated in the document (mainly in Chapter 7.1.1).

h. Aside from the platform operation: In CTM the setpoint for automatic FRR activation is step-like,
which makes the Cross Border Marginal Price (CBMP) also step-like. Therefore, for the
deactivation period, the pay-as-bid pricing still needs to be applied in TSO-BSP settlement to
remunerate the BSPs in a fair manner. In CRM the delivered balancing energy could be in theory
continuously settled at CBMP, however, some TSOs may need the pay-as-bid pricing for some
extraordinary cases (activation in emergency situations outside MOL, etc.).

Another important point is that in the analyses that have been performed mainly CTM was analyzed, not
CRM, apart from where specifically indicated.

4. Simulation model with focus on main differences between CDM, CTM and
CRM

Two simulation models were created to qualitatively compare CDM, CTM and CRM. The first simulation
model, which is described in this chapter and differs from the second one in terms of used parameters,
has the main purpose of showing the basic differences between CDM and CTM, and potentially also
between CDM and CRM respectively.

The first set of simulations focuses on the following two aspects — described in Chapters 4.1 and 4.2 below,
respectively:

a. Differences between CDM and CRM in “deviations”, as defined per aFRR IF
b. Differences in bid selection (of price-setting bids) between CDM, CTM and CRM

This first model does not have any variable parameters and incorporates only aFRR activations (the
reaction of other types of balancing services is neglected).

All simulations have been performed for 2 TSOs (2 LFC areas), implemented as illustrated in Figures 2
(CDM) and 3 (CTM/CRM), with additional ramping as shown in Figure 1 for CRM. It is assumed that there
is sufficient CZC between the two LFC areas (no border congestion). In this part, all the results are summed
up for these two TSOs, to show the aggregated influence of a different control model.

The parameters used in this simulation are as follows:

Parameter ‘ LFC Area A LFC Area B
CDM

“P” constant of Pl controller 0.3(-) 0.55 (-)

“I” constant of Pl controller 1/100 s 1/66 s

BSP dynamics transfer function 1 1

GarrR 200s2+90s + 1 200s%2 +30s+1
(FAT = 300 s) (FAT = 90's)

Communication delay T between 4s 1s

LFC and AOF
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Disturbance magnitude 100 MW \ 0 MW
CTM
Existing parameters same as CDM and additionally:
Gcorr feedback loop transfer 1 1
function 200s2 +90s + 1 200s%2 +30s+ 1
CRM
Existing parameters same as CTM and additionally:
Ramp-limiter (rising = -falling 3.33 MW/s 16.67 MW/s
slew rate)

Table 1: Parameters used in simple model simulation

4.1. Deviations in CDM and CRM as per aFRR IF
Important remark for the interpretation of results: The AOF selection does not determine the exact time
at which the aFRR bids are selected for activation by the LFC or BSPs. CDM and CRM both result in very
similar activation of bids (as shown in Chapter 5). The main difference is that in case of CDM, the focus is
on “what happens prior to the LFC PI controller”, whereas the CRM shows “what happens after the PI
controller”. This must be considered systematically in order to obtain a correct interpretation of the
meaning of the graphs.

The following graph (left) shows the total AOF selection in CDM and CRM, which serves the purpose of
showing the main difference between these two models in practice. From the graph, in both cases it is
clear that the aFRR exchange would use the corresponding available transfer capacities (ATCs). In
CTM/CRM this means that the available transfer capacities are used more dynamically which can result in
potentially larger uncongested areas. In this first part of results, the CTM plots have been omitted for
space purposes as they show the same behavior of AOF selection as CRM.

Figure 4: AOF selection and "deviations" in COM and CRM

The second graph (right) shows the “deviations”, as defined in aFRR IF and referred to in Chapter 1.

For CDM, in the first few seconds the LFC output briefly overshoots, and that is what leads to the
“deviation” being negative in the first few seconds. However, for most of the time after the activation,
the “deviation” is positive, therefore the PICASSO algorithm selects more bids for activation than the LFC
outputs.

For CRM, the amount of “deviation” is more limited, however, not zero. This is due to the fact, that the
simulation model contains a communication delay between the AOF and LFC.

As this time delay will be always present (with currently active TSOs in the PICASSO participation the delay
varies from 4 to 12 seconds), such “deviations” are inevitable, in any control model.
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4.2.

Pricing (bid selection) differences

The physical impact of these “deviations” to overall BSP activation is limited, as will be presented further.
What remains to compare is the impact of such deviations on Cross Border Marginal Price (CBMP), which
represents the marginal price of selected aFRR bids within the uncongested area. The simulation was
performed with the below-tabled assumption about bids in the respective LFC Areas. The graph then
shows the key differences between the “Old CDM” pricing (which was in place at the start of PICASSO,
when also the control model choice was discussed and article 13.4 of the aFRR IF was created), “New
CDM” pricing, which is based on ACER Decision 09/2024 [5] and currently in use, and the pricing that
would result from CTM and CRM.

LFCA LFCB T
Volume Price | Volume Price
20MW | 2 20MW | 1 T
20 MW 4 20 MW 3 sk
20 MW 5

Table 2: Bids in LFC Areas

Price_CDM_new [~

e Price_CDM_old
Price_CRM
e Price_CTM

0 50 100 150 200

250

Figure 5: Dynamics of prices (CBMP) after a stepwise disturbance

The main finding from this simulation is the large difference between “Old CDM” and “New CDM”. It is
seen that the old CDM pricing, which only considers the AOF selection for price determination, directly
causes large prices (blue curve). The new CDM pricing (yellow curve), which both considers the AOF
selection and the LFC output in the CBMP determination, does not show this behavior. Instead, it is seen
that the CBMPs resulting with the new CDM pricing are very similar to the CBMPs obtained from the
CTM and CRM, which consider the AOF selection (then automatically also considering what happens
“behind” the LFC, see Figure 1). It can be concluded that the new pricing methodology for CDM brought
the currently used CBMP determination to a “CTM-like” model.

In the first years when the PICASSO operation commenced, the CDM pricing was a main downside of the
algorithm during fast changes of the CBMP. This effect was erased, which made the CDM pricing more
robust and future-proof.

It is important to keep in mind that the CTM and CRM have been simulated with the same proportional
(P) and integrative (I) LFC parameter constants as CDM. However, for optimal operation (specifically in
reference to actual aFRR delivery), the constants would need to be adapted. This was not shown in the
above simulation for simplicity purposes but will be tackled in Chapter 5.

4.3.

Difference in aFRR exchange in CDM and CRM

An additional question that could be raised is “How would the volumes of exchanged aFRR differ between
CDM and CRM?” The answer lies in further elaboration of Figure 4, by accounting for the disappearing of

the disturbance and consequent deactivation period. Figure 6 below shows the AOF output in such

scenario.
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Even though this figure serves illustrational purposes, it shows an important fact: the LFC Pl controllers
behave symmetrically. Therefore, in CRM (or CTM for that matter), the overall volume of aFRR exchange
remains the same as in CDM seen in Figure 6 — also not depending on whether the exchanged volume
comes from aFRR activation or implicit netting.

CRM_AOF _output
CDM_AOF_output

80 -

40

20

0 100 200 300 400 500 600

Figure 6: AOF output (AOF selection) during activation and deactivation period

5. Simulation model with focus on stability

A more detailed model was also created for the purpose of studying stability under multiple operational
scenarios. For the purpose of simplicity, the results of this simulation will be presented only for the CTM
(no ramping restrictions have been laid upon the LFC output of individual modelled TSOs).

In this simulation, again a 2 TSO model was chosen, which allows to focus on analysis of the LFC behavior
and LFC interoperability and does not require a full implementation of the PICASSO AOF optimization
problem. The optimization is replaced by a manual procedure, by setting a share of aFRR “that shall be
activated in one LFC area for the purpose of second LFC area”, or, the share of the total aFRR
target/request to be activated in LFC area i equal to n;, so that };; n; = 1. Prices of aFRR bids are not taken
into account in this simulation.

This chapter, however, does not aim to provide rigorous proof of CTM or CRM stability. This proof is
comprehensively formulated in [3]. Within this work are only the main outcomes of the stability proof
that will be used in practice, accompanied by simulations that highlight certain aspects of the expected
behavior.

5.1. Main assumptions for CTM/CRM stability
Before diving into the simulation itself, the main outcomes from [3] will be presented and shortly
explained. According to the mentioned literature, the stability of CTM/CRM is ensured only with the use
of a carefully designed G, transfer function, which serves the purpose of transforming the AOF output
— specifically the aFRR correction values which have a sense of aFRR exchange in or out of respective LFC
area — in front of the LFC Pl controller. Via the correction dynamics, G, it is possible to null the PI
controller input, even without any aFRR activation in the respective LFC area. Please note that this effect
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of correction value is the same as in CDM — the only difference is that in CTM or CRM, dynamics need to
be added by the G, to mimic the aFRR activation in the respective LFC area and guarantee stability in
typical operation conditions.

In a simplified version, it was interpreted from [3] that the following matrix

Ny - Ggrrr1 + 1—-mny)- Georra Ny - Garrr2 — N2 * Georr,2
X Ny - Garrra — M1 Georra Ny + Gaprprz + (1 —13) - Georr 2

needs to be diagonally dominant for stability to be ensured.

Where G, g 1 refers to BSP aFRR dynamics in LFC 1, G..,1 refers to loopback transfer function used in

LFC 1, LFCqyp 1 is LFC dynamics of LFC 1 and n; = % where m is the number of interconnected
j=1%Fcorr,j

LFC areas. For LFC 2 likewise.

From the proposed matrix, it can be trivially derived that the diagonal dominance can be ensured by
keeping G,rrr and G, closely aligned.

This assumption will be used further in the simulation and the instance in which G, = G,rgg for the
respective LFC area will be referred to as “ideal”.

5.2. Schematics of simulation model
For space purposes, detailed schematics will be shown only for one LFC area. The second one is modelled
analogously.

In each of the simulations, always three setups have been modelled at the same time to make the CDM
and CTM easily comparable in its reaction to the same disturbance. Therefore, each output will consist of
three plots:

= CDM
= CTM with ideal output (no error introduced, G o = G4rrg for each LFC area)

= CTM with some imperfection or error introduced

AOF

Different BSP dynamics

1

== —l |—>
5‘ P actvated_a -8l
(Fca 3 B5Pe a1
Geora
AD¢ a 1 BSP feiivated 4 same

Poorr_a 1 100s2+100s+1

LFCA

Figure 7: Schematics of LFC A
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The parameters for this second simulation differ from the ones in the first simulation to highlight the
effects of imperfections which could be easily brought in real operation and to isolate the differences in
results from the differences of Pl controller settings between LFC area controllers.

Parameter ‘ LFC Area A LFC Area B
CDM
“P” constant of Pl controller 0.55 (-) 0.55 (-)
“I” constant of Pl controller 1/100 st 1/100 s
BSP dynamics transfer function 1 1
100s%2 +10s + 1 200s2 +90s + 1
(FAT =~ 300 s) (FAT =~ 300 s, steeper)
Communication delay T between 1s 4s
LFC and AOF
Disturbance magnitude 10 MW 0 MW

CTM (“ideal”, without imperfection in G.orr)
Existing parameters same as CDM and additionally:
1 1
100s2 +10s + 1 200s2 +90s + 1
CTM (with imperfect G.prr)
Existing parameters same as CDM and additionally:
1 1

150s +1 20052 +90s + 1
(FAT =~ 450 s)

Gcorr

GC orr

Table 3: Parameters used in extended simulation model

Due to non-negligible influence, also FCR had been modelled, with the assumption that the overall needed
FCR activation based on frequency deviation is distributed equally between the two LFC areas.

Parameter \

Size of synchronous area P, 500 MW
Available FCR Prcp 10 MW
Inertia time constant T 12 s
Damping effect of load K, 35 MW/Hz

Table 4: Parameters used in simulation of frequency response

1 Even though the effect of load is quite high (7 %), it has an effect only for a few first seconds after the invoked
imbalance and serves as general damping factor of the grid frequency.

95



PICASSO KPI Report 2025 — All TSOs’ report pursuant aFRR IF Art. 13(4)

System Frequency

[Delta_F_orig] [Activated_a]
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4>{ 354104
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Figure 8: Schematics of modelled system frequency and its dependency on disturbance, load, FCR and aFRR activation

5.3. Tested scenarios
In the following scenarios, always three results will be shown, which correspond to the three alternatives
described in chapter 5.2. The main focus, on which the stability will be studied, is on the amount of
activated aFRR, either in one LFC area, or totally activated aFRR in both LFC areas.

5.3.1. Scenario: Dynamics of BSP do not match the Gcorr feedback loop dynamics
The simulation results presented in this subchapter use . =
Table 3 in Chapter 5.2 as settings. The focus is on the -
effect of a difference between G,rgrr and G oy in LFCA *
(settings for “imperfect G, in Table 3) . This creates
a difference between the local activation and the
dynamics of the aFRR exchange flows. , |

0 50 100 150 200 250 300 50 00 450 500

This difference influences the actual BSP activation _ .

. . Figure 9: Difference between local BSP activation (yellow)
and inherently causes either over- or under- shoots of ¢ 4rrr exchange dynamics (blue) when BSP dynamics do
total aFRR activation. not match G corr.

= = :Disturbance
CDM_BSP_Activated Disturbance

aFRR_activated_G_aFRR SAME as G_corr CDM_BSP_Activated

aFRR_activaled G_aFRR NOT SAME as G_corr aFRR_activated_G_aFRR SAME as G_corr
T 7 aFRR_activated_G_aFRR NOT SAME as G_com [ |

| I I | | I I | L
50 100 150 200 250 300 350 400 450 500 o 100 200 300 400 500 600 700 800 900

Figure 10: Difference of total aFRR activation in CDM, "ideal" CTM  Figure 11: Difference of total aFRR activation in CDM, "ideal" CTM and

and CTM with Gcorr difference CTM with Gcorr difference, Pl controller retuned

In Figure 9 it can be observed that even the “ideal” CTM (orange line) overshoots the expected activation.
This is because the Pl parameters of CDM have been preserved for CTM. Retuning the Pl parameters of
the controller of each LFC area is necessary to account for the new dynamics added to the control loop
in CTM (In this example, this has been done by changing the “I” constant from 1/100 s to 1/125 s}),
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improved results are shown in Figure 11, where indeed the orange line shows negligible overshoot,
comparable to CDM. This also shows that the main reason for overshoot is the difference in G, and

Garrr (purple line).

This is a key point, because these differences are inherent and inevitable in real operation due to
constantly changing types of reserve providing units.

Based on this, all TSOs raised a question — “Can these differences between G, and G,rrr be avoided?”.
The short answer is “no in practice”.

Indeed, the only option would require the introduction of time-varying correction dynamics G.,,, based
on either:

i information about bid ramp rate (which the BSP should follow), or

ii. real reserve providing unit delivery from which the unit’s transfer function would be identified.

However, no stability proof exists for such options where time-varying correction dynamics would be
introduced.

5.3.2.  Scenario: Disconnection from AOF
One common operational procedure that happens in real operation is a TSO disconnection (f. ex. due to
a missing local merit order list — LMOL — sent to PICASSO or due to other operational reasons or issues
with real time or non-real time communication). The influence of the disconnection can be observed on
the following figure. In this simulation and all following simulations, the scenario will be performed at the
“imperfect” simulation, in which the G, is different from G rrg-

T T
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Figure 13: Total amount of activated aFRR in LFC A and LFC B Figure 12: AOF Pcorr for LFC A, disconnection of LFC A from AOF
at t=200 s

The initial disturbance at time t = 50s is 10MW, to be redistributed between LFC area A and LFC area B.

After the disconnection of one TSO, the total aFRR target (or request for CRM) is automatically
redistributed to the remaining TSOs according to CMOL while also taking into account the available cross
zonal capacities and uncongested areas. This behavior does not seem to create any potential instabilities,
at least in the case that each LFC area is stable on its own.
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5.3.3. Scenario: BSP failure to deliver
One of the last scenarios that had been studied in detail is the situation, in which there is a difference
between the requested aFRR, which a BSP should deliver, and the actual aFRR delivery.

In this simulation, the same initial disturbance of 10MW is used, and an equal distribution between LFC
areas A and B, with 5SMW requested from each, would be the result of the AOF. A BSP in LFC area B fails
to deliver 3 MW (of original 5 MW requested) at time t = 200 s of the simulation. Similarly to chapter 5.3.2,
the difference between requested value and actual value acts as additional target that needs to be
optimized in the AOF. In this case, the missing 3 MW creates a total need of 13 MW, which is then
redistributed to the separate LFC areas. In this simulation, this is done by equal distribution (6.5 MW needs
to be activated both in LFC A and LFC B but in LFC area B, the total delivery is only 3.5 MW), but in real
operation, this would have been done by taking into account the common merit order list and available
cross zonal capacities.

T T T T T T
— BSP actvated_a
10k | | | | BSP acfivated_b| |

| | I |
[} 100 200 300 400 500 600 700 800 900

Figure 14: BSP activation in LFC A and LFC B in case of BSP failure of 3 MW in LFC B

However, all TSOs did not conclude, whether this behavior is perceived to be advantageous or
disadvantageous because in current setup of CDM, each TSO is responsible for its own BSP failures to
deliver and therefore only local imbalance settlement is affected. In CTM, from the control theory view,
only one option exists in which all TSOs in one uncongested area are affected by each BSP failure. From
the global perspective this behavior seems to be economically optimal, however this approach fails to
isolate potential issues and spreads their influence.

5.4, Conclusions on CTM stability
In none of the above mentioned scenarios, issues that would influence stability of operation have been
found. Additionally, experiments have been carried out for time constants of 40 s to 500 s of 1, 2"¢ and
3" polynomial transfer functions for both G, and G,rgrg and even for the worst case scenarios (biggest
difference between the transfer functions), no possibility for instability have been identified. This
provides in silico confirmation of the stability proof provided by [3] under some likely circumstances in
real operations.

Nevertheless, the differences between G,,,- and G ,rgrg are intrinsic, and therefore it is inevitable that
in CTM or CRM the over-/under- shoots of aFRR delivery will occur, which creates a new type of
inefficiencies that are not present in the CDM.
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Theoretical possibilities to avoid (or at least minimize) such inefficiencies have been described in Chapter
5.3.1, but they would require time-changing transfer function G-, which cannot be achieved in practice
and for which stability is not proven.

6. Summary of operational remarks

6.1. Implicit netting in PICASSO in CTM/CRM

Asintroduced in Chapter 3, netting of targets (or requests) would be possible in the corresponding control
model. And this would also be possible implicitly in PICASSO, in the corresponding control model.
However, there are significant conceptual differences with the netting of demands which is currently
implemented in IGCC, and implicitly in PICASSO. Indeed, while in CDM the logic of netting of demands is
mainly that of proportional distribution of the netting potential (within the constraints of available CZCs),
in CTM/CRM LFCs with different dynamics would lead to different targets (or requests) to be netted in the
central algorithm, even when responding to the same local perturbance. For example, a symmetric
situation in CDM, in which LFC area A and LFC area B both have the same demand and the same amount
of netting with LFC area C, would revert to an asymmetric situation, in which LFC area A and LFC area B
are treated differently based on the parameters of their LFCs.

An initial concern was that this could delay the aFRR activations, but in the analysis it was found that this
would not be the case, which is reassuring from an operational perspective.

This is of course under the general prerequisite that each TSO should take good care of keeping their G,
up-to-date to match as well as possible the BSPs dynamics in their control area (see Chapter 5).

6.2. Missing LMOL policy
According to the current operational rules, a TSO who fails to send their LMOL would be disconnected
from PICASSO, while remaining connected to IGCC. This is to avoid a mismatch between local activations
in that LFC area (as it is assumed that local activations still take place) and PICASSO trying to optimally
fulfil the demand from that LFC area. A disconnection from PICASSO makes clear that the LFC area deals
with its demand itself and PICASSO does not consider the LFC area at all.

As mentioned in Chapter 3, it was concluded that no geographical overlapping is possible between
PICASSO in CTM/CRM and IGCC as is, in CDM.

Missing LMOL in this scenario could be tackled in two possible ways:
a. Same as now: automatic disconnection of the TSO (also simulated in Chapter 5.3.2). This would
imply total loss of netting potential, which is deemed a major operational concern.
b. Change the rule: no automatic disconnection of the TSO. This would imply important changes to
pricing, which cannot be fully envisioned now, and which may not be appropriate to cover each
situation.
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7. Implications of changing the control model

In this Chapter a summary of the main implications of a change in the control model for the PICASSO
platform is provided, based on both the qualitative and quantitative analyses presented in the previous
Chapters, and on a survey completed by TSOs on risks, impacts and costs of such a change.

7.1. PICASSO in CTM/CRM would be a new platform
In summary, changing the control model of the aFRR platform would mean building a new platform.

Assuming such new platform would be there, TSOs would need to switch from the current IGCC and
PICASSO in CDM to the “new” PICASSO in CTM (or CRM).

A similar approach can be envisioned as for accessions to the PICASSO platform, where “one TSO at a
time” would “switch” from the current platform(s) to the new platform. This is mainly for security and
manageability reasons: some operational procedures are TSO-specific and must be tested per TSO, shortly
before connection, and closely monitored after connection. Both require active involvement and effort
from the CSP, which makes it only possible for one TSO at a time to switch.

Additionally, each TSO might require a different implementation time.

7.1.1. Suboptimal results during the “migration period”
It is clear that during the “migration period” (between the moment the first TSO migrates to the new
platform and the moment the last TSO completes the migration to the new platform) the optimization
would be sub-optimal in both the CDM platform and the CTM/CRM platform.

This means:
= Economic loss for everyone
= No incentive to be “the first one to switch”. Note that this is very different from the period of
accessions to PICASSO in these years, when everyone had an economic incentive to connect to
platform and benefit from its gains. Now every TSO would already be part of the European
balancing market and benefitting from associated welfare gains, and migrating to the new
platform where there are only a few TSOs would mean a net loss.

The duration of this migration period is difficult to assess. Considering that the migration period could be
comparable to the ongoing accession period (up to a few years), this is a significant downside.

7.2. Complete loss of netting when disconnected from PICASSO
Next to this is the point of complete loss of netting that would follow a disconnection from PICASSO. This
is deemed a major operational concern from the majority of TSOs.

It must be noted that, even in today’s operations, it not uncommon that a TSO is disconnected due to
issues or maintenance on the non-real-time connection (messages, e.g. for the LMOL), while the IGCC
connection stays on, ensuring valuable netting potential for both the TSO that disconnected from PICASSO
and the other TSOs that can net more aFRR demand.

Considering the large amount of social welfare achieved by netting (through avoided aFRR activation), all
TSOs deem it extremely unwise to abandon IGCC, as it should continue working as a reliable back-up for
those situations when connection to PICASSO is lost.
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7.3.

Operational complexity greatly increases

The operational complexity of the PICASSO platform in CTM/CRM would surely increase significantly
compared to current CDM implementation.

TSOs expressed different interpretations of risks, sometimes depending on actual implementation of

specific

7.4.

aspects. However, the majority agrees on such a change impacting heavily on:

IT systems (market systems, SCADA systems): this is especially true in case a certain system is a
few years away from its planned decommission, and a change to CTM/CRM would imply
unnecessary anticipation of such decommissioning, or on the contrary, when a TSO was to wait
for this, it would greatly stretch the migration period mentioned in Chapter 7.1.1.

Pricing: especially linked to consequences of a potential change in missing LMOL policy.

Monitoring of BSPs delivery: where indeed the impact of a BSP under-delivery would spread to
other TSOs as well.

Monitoring the efficiency of the platform’s operation: would have to change entirely, not a trivial
effort.

Risk brought by the intrinsically inaccurate G+ (as explained in Chapter 5.3.1).

Risks brought by the central optimization being downstream of the local LFCs: although this can
be managed by means of the proposed implementation in [Eror! Bookmark not defined.] 3nd here ¢
onsidered, it would still require reinforcement of (cyber-)security protocols and back-up
mechanisms.

Interpretability of the results: the increased complexity would make it more difficult for all market
parties to understand how the platform came to certain results.

Financial and structural impact

TSOs identified high impact on:

Resources allocation (at both TSOs and CSP): the algorithm is already very complex, and lack of
expertise is already identified as a criticality. With a shift towards a different control model, the
understandability and explainability of the results would become even more important, while
requiring even more expertise to make it possible, especially in the development phase.
At TSO level, more resources would be needed also to enable the “migration”, similar to what
recently (or currently) put in place to ensure connection to the platform.

Stakeholder coordination among BSPs, NRAs, ACER, TSOs.

Implementation costs: estimates are variable, moving from ~1M€ up to ~10M£.

Lead times: also variable estimates, moving from ~2 years up to 7 years.
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8. Conclusions

Different control models have been compared, from different points of view. The conclusions can be
summarized under three main aspects:

1)

System security

2) Economic efficiency

3)

8.1.

Implementation efforts/costs and transition effects

System security
In the simulations performed, it was shown that CDM, CTM and CRM have a similar operational
performance (i.e., BSP activations are close in CDM, CTM and CRM).

In this context, the current KPI on the frequency and volume of deviations is misleading, because
it is true that deviations are there by design, but the numbers in the KPI give the feeling of high
inefficiencies, while the platform shows instead very good operational performances.

CDM benefits from a proven track record of stable operation and maintains a clear separation
between optimization and control dynamics.

Complete loss of netting in case of disconnection from PICASSO in CTM/CRM is not acceptable
from the operational point of view

In summary: a change in control model would not lead to higher system security. Rather the opposite,
due to changes in the core of the balancing controllers, increased complexity of monitoring operational
processes and potential loss of netting in case of disconnection from PICASSO.

8.2.

Economic efficiency

Based on the analyses presented in this document, the intuitive statement that the AOF selection in
CTM/CRM is more efficient than CDM requires a more nuanced consideration:

It was shown that the exchanged volumes over time are nearly identical for COM and CTM/CRM,
and

From the perspective of price formation, the pricing methodology (based on [5]) already applies
“CTM-like” pricing even in CDM. Therefore, no big gains to be expected with shift to CTM/CRM.

When it comes to BSP non-delivery, CTM/CRM is globally more efficient.

CTM/CRM comes with inefficiencies, in particular related to unavoidable inaccuracies in
determining G opr-

Potential differences in uncongested area formation exist, but their overall impact on efficiency
remains difficult to quantify conclusively.

In summary: a change of control model would not lead to straightforward and significant efficiency
gains, or to better price formation. Although a proper full-optimization, including all LFC areas with a
good estimation of their dynamics and imbalances would be required in order to thoroughly assess this.
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8.3. Implementation efforts/costs and transition effects

=  Moving the aFRR-platform to CTM or CRM would require high implementation costs and
substantial changes, requiring reworking all processes from the ground, which would create a
stress on resource allocation.

= A CDM and CTM/CRM cannot be operated in parallel for a same LFC Area - as a result, a
transition could come with significant economic inefficiencies in terms of balancing energy costs
(as well as reduced operational security), for a prolonged period of time.

=  Atransition to CTM/CRM would risk jeopardizing other important evolutions (e.g., NC DR, EB GL
2.0, inclusion of hybrid HVDC systems and offshore areas in PICASSO).

In summary: a change of control model would come with very high implementation efforts and resource
allocation (putting at risk other important developments), high welfare losses during the transition
period, as well as operational risks.
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8.4.

Tabled comparison of control models

Based on the provided description and simulation results, the following comparison of CDM, CTM and

CRM is summarized:

|

Control Demand

|

Control Target |

Control Request

List of aspects which are in favor of change of control model

Uncongested areas during
changes of setpoints

Smaller

(-)

Larger (step)
(+)

Larger (ramp)
(++)

List of aspects which are not in favor

of changing control model

Intrinsic inefficiencies due to
Gceorr setting

No Gcorr needed
(++)

Always due to different
technology landscape
in RT
(-)

Always due to different
technology landscape
in RT

()

Diminishing the effects of

No Gcorr needed

Possible with less effort

Theoretically possible

incorrect Gceorr setting (++) but incomplete completely but with
(-) extreme effort
)
Cooperation of IGCC and PICASSO Possible Not possible Not possible
(+) (-) ()
Economical loss during switching No Est. Large, depending Est. Large, depending
period (+) on length of period on length of period
(-) )
Implementation costs No Extensive More extensive
(+) (-) )
Complexity and resource As is Increased Increased

allocation

(+)

(-)

(-)

List of aspects which are same for current model and one of the alternatives

CBMP determination closer to RT
activations

Same as CTM
(+)

Based on LFC output
(+)

Based on ramped
setpoint
(++)

Need to use pay-as-bid for
deactivation phase

Needs to be used

(-)

Same as CDM
(-)

Possibly minimized

(+)

Total balancing energy delivery in
RT after initial disturbance

Covers disturbance
with time constants
according to chain
“LFC->BSP”

(0)

If Georr set correctly,
same as CDM

(0)

If Georr set correctly,
same as CDM

(0)

List of aspects

in which TSOs do not see a clear benefit or disadvantage

BSP failure to deliver

One TSO tackles (no
impact on CBMP)

(0)

All TSOs tackle (impact
on CBMP)

(0)

All TSOs tackle (impact
on CBMP)

(0)

LEGEND:

Table 5 Relative comparison of control models

(+) List of points that are better in the control model
(-) List of points that are worse in the control model
(0) List of points that are nowadays the same in CTM/CRM and in CDM
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9. Al TSOs’ proposal

Based on all the above simulations, considerations and analyses, the position and proposal of all TSOs is:

That CDM remains the best choice for the PICASSO platform, ensuring proven operational
security, sufficient level of diversification of operational processes to cope with the specificities
of different technology landscapes, and enabling co-existence with IGCC.

That there is no need to analyze alternative control models again in the future, unless an external
development would show great potential if (or even requires to be) the PICASSO platform were
to move to a different control model.

The existing KPI on the amount and frequency of deviations is not meaningful, and does not
correctly represent the operational efficiency of the platform. All TSOs propose to continue
working on this point specifically with the aim to reach a better KPI. At the moment, despite some
effort was put into this, no convincing results have been reached yet.
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Acronyms

aFRR Frequency restoration reserves with automatic activation

aFRR IF Implementation framework for the European platform for the exchange of balancing
energy from frequency restoration reserves with automatic activation

AOF Activation Optimization Function (the core of the algorithm of PICASSO/IGCC)

BE Balancing Energy

BSP Balance Service Provider

CBMP Cross-border marginal price

CDM Control Demand Model

CMOL Common MOL

CRM Control Request Model

CT™M Control Target Model

Georr Correction dynamics; the transfer function accounting for the PICASSO correction

IGCC International Grid Control Cooperation

LFC Load Frequency Controller

LMOL Local MOL

MOL Merit Order List

PI Proportional and integral (parameters of LFC)

PICASSO Platform for the International Coordination of Automated Frequency Restoration
and Stable System Operation

TSO Transmission System Operator

107



	PICASSO KPI Report FINAL_for publication
	CME Report v3.0 - for SC approval

