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EXECUTIVE SUMMARY 
 
The document mainly introduces the functional and technical specification of the solutions planned for the 
Work Package 10 (WP10). As an introduction, a brief description of the relevant market timeframes for 
wholesale and balancing markets is made. The overview includes the timeframes of forward, day-ahead, 
intraday and balancing energy markets, while considering the latest EU regulation. In addition, the existing 
good practice of price coupling regions is presented. The brief description mainly builds on the previous 
reports from the CROSSBOW project, namely, Deliverable 1.1: Regulatory and Legislation Frameworks, [1] 
and Deliverable 10.1: National balancing and wholesale electricity markets structure and principles, [2]. 

The main part of the document, functional and technical specification was made for following solutions that 
will be developed within WP10: 

- Intraday Market platform (ID platform); 

- System market platform for the mFRR (mFRR platform); 

- System market platform for the aFRR (aFRR platform); 

- Measurement of energies within automatic Frequency Restoration Process (aFRP). 

Due to the complexity of the aFRP and aFRR platform, the development of the solution will end at the stage 
of functional specification. The demonstration and software solution will be prepared for the rest of the 
solutions within WP 10. 

The functional specification addressed brief descriptions of the solutions and included: 

- The relevant participants on the market: ID platform open to similar market participants as the day-
ahead market, mFRR & aFRR platform anticipates the participation of Balance Service Providers and 
Transmission System Operators; 

- The relevant timeframes and time constraints: Gate Closure Times for all above-mentioned trading 
platforms; 

- Standard products for all above mentioned trading platforms; 

- Algorithms required for the operation of trading platforms; 

- Results of matching (ID platform) and results of the optimisation (mFRR & aFRR platform). 

The technical specification gives the details of software architecture where each component is described 
with implementation details, together with the technologies used. Furthermore, the document describes the 
packaging and deployment possibilities for the Trading platform. The second part of the technical 
documentation provides a detailed description of the platform functionalities where each functionality is 
defined with the characterization of process flows, roles and responsibilities, functional requirements, and 
wireframes. 

The CROSSBOW Trading platforms (ID platform and mFRR platform) could be used by other products 
developed in the CROSSBOW project. To allow other products to use the trading platforms and to allow 
automatic exchanges of message to and from the trading platform, an Application Programming Interface 
(API) was designed. In the Appendix of the document, the Integration API is specified.  

The solution: Measurement of energies within aFRP, will be developed independently of the trading 
platforms mentioned above. The proposed method for Balancing Energy for upward aFRR (UPAFR) and 
Balancing Energy for downward aFRR (DWAFR) calculation (measurement/calculation of balancing energies 
within aFRP) based on one-minute profiles, leads to stable and small errors (less than 1%) in all the studied 
situations. That makes the main result as the achievement of a significantly improved accuracy of the UPAFR 
and DWAFR measurement by the metrological meters as proposed, compared to the current solution based 
on energy management system (EMS)/ Supervisory Control and Data Acquisition (SCADA) measurements. 
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The highest errors in the proposed solution are below 1%, compared to 10% in the current solution (so errors 
of at least 10 times better in terms of accuracy). Therefore, the most important advantage of this method is 
the significant increase of accuracy by measuring such energy (by reducing measurement errors for a size 
order).  
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1 Introduction 

 Purpose of the document 

This document is aimed to present the results of the second task in Work Package 10 (WP10): Wholesale and 
Ancillary Market toolset. The main goal of this task was the preparation of a novel market design with a 
minimum set of harmonized rules for cross-border wholesale and balancing energy markets. The above-
mentioned characteristics are included in the functional specification of the solutions developed within 
WP10. The definition of the functional specification took into account the feedback from the Transmission 
System Operators (TSOs) from South Eastern Europe (SEE) in the CROSSBOW project. The functional 
specification also served as a guideline for preparing the technical specifications for the solutions, and the 
possibilities for the integration with the product presented. 

The document presents the work done in the T10.2 related to the: 

- Brief overview of relevant market timeframes and solutions developed within the WP10; 

- Definition of functional specifications related to the WP10; 

- Definition of technical specifications related to the WP10; 

- Integration of other CROSSBOW products with the WP10 solutions via an Application Programming 
Interface (API). 

 Scope of the document 

The report introduces the various market timeframes including forward, day-ahead, intraday and balancing 
energy markets. Relevant legislation and regulation from the EU is considered in the analysis coupled with 
some findings from the previous work done in CROSSBOW, namely, Deliverable 1.1: Regulatory and 
Legislation Frameworks, [1] and Deliverable 10.1: National balancing and wholesale electricity markets 
structure and principles, [2]. 

The functional specification presents the most relevant information required for the solutions developed in 
²t млΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ /wh{{.h²Ωǎ Intraday market platform (ID platform), System market platform for mFRR 
(mFRR platform), System market platform for aFRR (aFRR platform1) and Measurement of energies within 
automatic Frequency Restoration Process (aFRP). The functional specification includes a general description 
of solutions, as well as its operation. Additionally, inputs required for normal operation of the solutions and 
relevant market timeframes are presented. 

The technical specification gives the details of software architecture where each component is described 
with implementation details together with the used technologies. Furthermore, the document describes the 
packaging and deployment possibilities for the Trading platform. The second part of the technical 
documentation provides a detailed description of the platform functionalities, where each functionality is 
defined by characterizing its process flows, roles and responsibilities, functional requirements, and 
wireframes. 

In the appendix, this document provides a detailed specification of the CROSSBOW Trading platform 
integration API. The content of the API specification is intended for the developers of client applications 
integrating with the trading platform that will be developed in the scope of WP10. The API is based on RESTful 
technology (based on HTTP) where data is transferred in JSON format. The specification of the API describes 
its endpoints, together with the models used for data exchanged in the request and response messages. 

 
1 Due to the complexity of the aFRP and aFRR platform, software development of the aFRR platform will end at the 

stage of functional specification. 

 



 

 

 

D10.2: Novel balancing and wholesale electricity market design 13 

 

CROSS BOrder management of variable renewable energies 
and storage units enabling a transnational Wholesale market 

 

 Structure of the document 

The contents of the present document are divided into 5 chapters. 

- Chapter 2 briefly presents and describes the timeframes for forward, day-ahead, intraday and 
balancing market through the latest network codes and cross-zonal capacity allocation in EU and SEE, 
as well as latest good practices regarding market timeframes; 

- Chapter 3 introduces the solutions planned for the WP10 and functional specifications of the 
Wholesale and Ancillary market toolset (AM) ǇǊƻŘǳŎǘΩǎ ǎƻƭǳǘƛƻƴǎ. The functional specifications 
include brief description of the solutions, relevant inputs and their characteristics, algorithms 
required for the operation and outputs from the platform; 

- Chapter 4 addresses the relevant AM product characteristics, such as the effects of the 
harmonisation of market rules for the ID platform and mFRR platform, as well as the possible 
enhanced participation of flexibility assets and parameters of the Measurement of energies within 
aFRP solution; 

- Chapter 5 presents the technical specification for the three solutions developed more in detail. ID 
platform and mFRR platform will be developed as a software and therefore applicable software 
technical specification is included. Measurement of energies within aFRP solution includes meter, 
communication and control specifications;  

- Chapter 6 of the document is dedicated for the conclusion. 

The document has an appendix ǘƘŀǘ ƛƴŎƭǳŘŜǎ ǘƘŜ ŦƛǊǎǘ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ /wh{{.h²Ωǎ ¢ǊŀŘƛƴƎ tƭŀǘŦƻǊƳ !tL 
Integration Specification. For each API endpoint, a detailed description of the functionality and technical 
details is provided. The API Specification is intended to help the developers of the client applications to 
integrate and communicate with the solutions presented in the WP10. 
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2 Market timeframes and cross-zonal capacity allocation 

The complexity of the electricity market, which is mainly due to the nature of its physical product, demands 
that different segments are analysed and developed separately in-depth. Different market timeframes, in 
terms of forward market (FM), day-ahead market (DAM), intraday market (IDM) and balancing market (BM) 
(often fragmented even further), are regularly discussed in isolation to the others. In addition, the issue of 
cross-border capacity allocation is just as complex and significant to be a separate topic itself. The EU 
Network Codes (NC) also follow this approach, addressing each code a particular aspect. However, together 
they define the EU Electricity Market Target Model that encompasses all segments and furthermore aims to 
harmonise market rules between timeframes and physical borders in order to establish a more efficient pan-
European market. 

In order to better understand the different segments and the interlinkages, it is important to first take a 
broader look at the Target Model and the associated timeframes. Then, market rules, such as gate opening 
and closure times, can be adjusted in order to achieve this harmonisation.  

The NCs setting the framework for the Target Model are the so-called Market NCs: Regulation (EU) 
2016/1719 establishing a guideline on forward capacity allocation (FCA) [3], Regulation (EU) 2015/1222 
establishing a guideline on capacity allocation and congestion management (CACM) [4] and Regulation (EU) 
2017/2195 establishing a guideline on electricity balancing (EBGL) [5]. For clarity, the Target Model in terms 
of timeframes is presented in Table 1. 

Timeframe Years ahead up to 24 hours 
prior to hour of operation 

12-36 hours 
prior to hour 
of operation 

> 30 minutes 
prior to 

operation 

Hour of operation 

Market FM DAM IDM BM 

Function Managing risk 

- Market players managing 
price risks 

- Forwards, futures and 
transmission rights 

Managing energy 

- Market players balancing 
their physical positions 

- Operational planning, 
capacity allocation, 
congestion management 

System management 

- TSO balancing the system in 
real time 

- Re-dispatching, frequency 
control and incidents 
management 

NC FCA CACM EBGL 

Table 1: Market timeframes [1] 

 Forward Market Timeframe 

Table 1 clearly demonstrates the four market timeframes within the Target Model, including the associated 
market, function and NC. The function, or reason for the existence of the FM is in fact risk management. In 
this timeframe, market actors can manage future price risks by trading financial products. This is primarily 
done in the form of Financial Transmission Rights or Physical Transmission Rights with a use-it-or-sell-it 
method. 

The FM is closely regulated by FCA, which defines forward capacity allocation as the attribution of long-term 
cross-zonal capacity (CZC) through an auction before the day-ahead time frame, [3]. Among else, FCA 
introduces the role of the Coordinated Capacity Calculator (CCC). This regional entity is tasked with 
calculating the available CZC, based on data provided in the Common Grid Models (CGM) for different time 
horizons (from day-ahead up to year ahead). The Regulation recommends a coordinated Net Transfer 
Capacity approach for CZC calculations, but also leaves the possibility to apply a flow-based approach. For 
that purpose, each capacity calculation region should establish a common capacity calculation methodology 
based on the specificities of the region and run it on a single allocation platform. Article 6 of FCA prescribes 
ǘƘŀǘ ά!ƭƭ ¢{hǎ ƛƴ ŜŀŎƘ ŎŀǇŀŎƛǘȅ ŎŀƭŎǳƭŀǘƛƻƴ ǊŜƎƛƻƴ ǎƘŀƭƭ ŜƴǎǳǊŜ ǘƘŀǘ ƭƻƴƎ-term cross-zonal capacity is calculated 
ŦƻǊ ŜŀŎƘ ŦƻǊǿŀǊŘ ŎŀǇŀŎƛǘȅ ŀƭƭƻŎŀǘƛƻƴ ŀƴŘ ŀǘ ƭŜŀǎǘ ƻƴ ŀƴƴǳŀƭ ŀƴŘ ƳƻƴǘƘƭȅ ǘƛƳŜ ŦǊŀƳŜǎέΦ 
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Deadlines in forward capacity allocation do not influence time schedules in IDM an BM directly, which are 
the subject of this report. However, for consistency of this section, it should be noted that according to Article 
нр όмύ ƻŦ C/!Σ ά¢{hǎ ǎƘŀƭƭ ŎƻƻǊŘƛƴŀǘŜ Ŏurtailments of already allocated long-term cross-zonal capacity, if the 
curtailments concern a time frame of more than 48 hours ahead of the start of the delivery day. In case of 
curtailment of long-term transmission rights, including nominations in respect of such rights, within 48 hours 
ahead of the start of the delivery day, TSOs in each capacity calculation region shall apply the day-ahead and 
ƛƴǘǊŀŘŀȅ ŎŀǇŀŎƛǘȅ ŎŀƭŎǳƭŀǘƛƻƴ ǇǊƻŎŜǎǎ ŀǎ ǊŜŦŜǊǊŜŘ ƛƴ !ǊǘƛŎƭŜ нф ƻŦ /!/aέΦ CǳǊǘƘŜǊƳƻǊŜΣ C/! ƛƴ /ƘŀǇǘŜǊ с ς 
Firmness of allocated cross-Ȋƻƴŀƭ ŎŀǇŀŎƛǘƛŜǎΣ !ǊǘƛŎƭŜ ро όмύΣ ǇǊŜǎŎǊƛōŜǎ ǘƘŀǘ ά!ƭƭ ¢{hǎ ǎƘŀƭƭ ōŜ ŜƴǘƛǘƭŜŘ ǘƻ ŎǳǊǘŀƛƭ 
long-term transmission rights to ensure operation remains within operational security limits prior to the day-
ŀƘŜŀŘ ŦƛǊƳƴŜǎǎ ŘŜŀŘƭƛƴŜέΦ 

 Day-ahead and Intraday Markets Timeframe 

The DAM and IDM are the short-term wholesale market solutions closer to the hour of operation. They are 
both tools for managing physical energy, and as such, market participants trade electricity on the DAM in 
order to optimise their short-term positions, while the IDM serves as an opportunity to correct the traded 
volumes and thus limit imbalances and balancing costs. Typically, the IDM is structured to provide continuous 
trading up to 30 minutes prior to delivery. Firstly, the TSOs publish their power transmission capacity on the 
IDM, and then the market participants can trade different products usually on a first-come first-served basis. 
The sum of volumes traded in the DAM and IDM constitute the final schedule for producers and consumers. 
Due to the proximity to real-time operation, the communication between the power exchange and TSOs in 
terms of nominations and available capacities is very significant.  

The rules for this timeframe are defined in CACM. The Regulation strongly recommends a flow-based 
approach for CZC calculation as well as implicit allocation of energy and capacity at copuled DAM and IDM. 
For this purpose, CACM prescribes establishing national designated National Electricity Market Operators2 
(NEMOs) and a Market Coupling Operator3 (MCO). An important distinction is that the NEMO is a market 
player, while the MCO concerns a function and does not require to be a separate entity. 

CACM allocates tasks to NEMOs and to the MCO function. NEMOs shall act as market operators in national 
or regional markets to perform single day-ahead and intraday coupling in cooperation with TSOs. A national 
b9ahΩǎ ǘŀǎƪǎ ŀǊŜ ǘƻ ǊŜŎŜƛǾŜ ƻǊŘŜǊǎΣ ǇŜǊŦƻǊƳ ƳŀǘŎƘƛƴƎ ŀŎŎƻǊŘƛƴƎ ǘƻ 5!a ŀƴŘ L5aΣ ǇǳōƭƛǎƘ ǇǊƛŎŜǎΣ ǎŜǘǘƭƛƴƎ 
and cleaǊƛƴƎΤ ƛΦŜΦ ǘƘŜ ΨǘȅǇƛŎŀƭΩ ǘŀǎƪǎ ƻŦ ŀ ǇƻǿŜǊ ŜȄŎƘŀƴƎŜΦ ¢ƘŜ a/h ŦǳƴŎǘƛƻƴǎ Ŏƻƴǘŀƛƴ ǘƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 5!a 
and IDM coupling tasks. 

For the operation of coupled DAMs and IDMs, CACM prescribes establishing a common methodology for the 
markets based on the characteristics of the coupling region and creating a single allocation platform by the 
MCO. The single allocation DAM platform runs a Price Coupling Algorithm4 (Single Day-Ahead Coupling5) and 

 

2 CACM, Article 2 ς 5ŜŦƛƴƛǘƛƻƴǎΥ άΨƴƻƳƛƴŀǘŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘ ƻǇŜǊŀǘƻǊ όb9ahύΩ ƳŜŀƴǎ ŀƴ Ŝƴǘƛǘȅ ŘŜǎƛƎƴŀǘŜŘ ōȅ ǘƘŜ 
competent authority to perform tasks related to single day-ŀƘŜŀŘ ƻǊ ǎƛƴƎƭŜ ƛƴǘǊŀŘŀȅ ŎƻǳǇƭƛƴƎέ 

3 CACM, Article 2 ς 5ŜŦƛƴƛǘƛƻƴǎΥ άΨƳŀǊƪŜǘ ŎƻǳǇƭƛƴƎ ƻǇŜǊŀǘƻǊ όa/hύ ŦǳƴŎǘƛƻƴΩ ƳŜŀƴǎ ǘƘŜ ǘŀǎƪ ƻŦ ƳŀǘŎƘƛƴƎ ƻǊŘŜǊǎ ŦǊƻƳ ǘƘŜ Řŀȅ-

ahead and intraday markets for different bidding zones and simultaneously allocating cross-zonal capacitiesέ 

4 CACM, Article 2 ς 5ŜŦƛƴƛǘƛƻƴǎΥ άΨǇǊƛŎŜ ŎƻǳǇƭƛƴƎ ŀƭƎƻǊƛǘƘƳΩ ƳŜŀƴǎ ǘƘŜ ŀlgorithm used in single day-ahead coupling for 
simultaneously matching orders and allocating cross-zonal capacitiesέ 

5 CACM, Article 2 ς Definitions: άΨǎƛƴƎƭŜ Řŀȅ-ŀƘŜŀŘ ŎƻǳǇƭƛƴƎΩ ƳŜŀƴǎ ǘƘŜ ŀǳŎǘƛƻƴƛƴƎ ǇǊƻŎŜǎǎ ǿƘŜǊŜ ŎƻƭƭŜŎǘŜŘ ƻǊŘŜǊǎ ŀǊŜ 
matched and cross-zonal capacity is allocated simultaneously for different bidding zones in the day-ŀƘŜŀŘ ƳŀǊƪŜǘέ 
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the single allocation IDM platform applies a Continuous Trading Matching Algorithm6 (Single Continous 
Coupling7 - continous matching of bids and offers (bilateral phisical trading) on a single platform). 

Vital for explicit DAM auctions is that the MCO receives accurate and timely information on the remaining 
available CZC and a clear deadline for capacity allocation in the FM. For this reason, Article 14 in CACM defines 
the capacity calculation time-frames (day-ahead and intraday time-ŦǊŀƳŜǎύ ŀƴŘ ǘƛƳƛƴƎΥ άόоύ CƻǊ ǘƘŜ Řŀȅ-
ahead market time-frame, the capacity calculation shall be based on the latest available information. The 
information update for the day-ahead market time-frame shall not start before 15:00 market time8 two 
days before the day of deliveryέΤ ŀƴŘ άAll TSOs in each capacity calculation region shall ensure that cross-
zonal capacity is recalculated within the intraday market time-frame based on the latest available 
information. The frequency of this recalculation shall take into consideration efficiency and operational 
securityέΦ Lƴ ŀŘŘƛǘƛƻƴΣ !ǊǘƛŎƭŜ сф ς Proposal for day-ŀƘŜŀŘ ŦƛǊƳƴŜǎǎ ŘŜŀŘƭƛƴŜ ǎǘƛǇǳƭŀǘŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ άΧŀƭƭ 
TSOs shall develop a common proposal for a single day-ahead firmness deadline, which shall not be shorter 
than half an hour before the day-ŀƘŜŀŘ ƳŀǊƪŜǘ ƎŀǘŜ ŎƭƻǎǳǊŜ ǘƛƳŜέΦ Lƴ ŀŘŘƛǘƛƻƴΣ !ǊǘƛŎƭŜ т0 - Firmness of day-
ŀƘŜŀŘ ŎŀǇŀŎƛǘȅ ŀƴŘ ŀƭƭƻŎŀǘƛƻƴ ŎƻƴǎǘǊŀƛƴǘǎ ǊŜŀŘǎΥ άόмύ tǊƛƻǊ ǘƻ ǘƘŜ Řŀȅ-ahead firmness deadline, each 
coordinated capacity calculator may adjust cross-zonal capacity and allocation constraints provided to 
ǊŜƭŜǾŀƴǘ b9ahǎέ ŀƴŘ άόоύ After the day-ahead firmness deadline, cross-zonal capacity which has not been 
allocated may be adjusted for subsequent allocationsέΦ !ǊǘƛŎƭŜ тм - Firmness of intraday capacity stipulates 
ǘƘŀǘΥ ά/Ǌƻǎǎ-zonal intraday capacity shall be firm as soon as it is allocatŜŘέΦ 

Chapter 5 of CACM specifically deals with timing related to single day-ahead coupling. The following excerpts 
are important to note:   

¶ Article 46 - tǊƻǾƛǎƛƻƴ ƻŦ ƛƴǇǳǘ ŘŀǘŀΣ άόмύ Each coordinated capacity calculator shall ensure that cross-
zonal capacity and allocation constraints shall be provided to relevant NEMOs in time to ensure 
the publication of cross-zonal capacity and of allocation constraints to the market no later than 
11.00 market time day-ahead; (2) If a coordinated capacity calculator is unable to provide for cross-
zonal capacity and allocation constraints one hour prior to the day-ahead market gate closure time, 
that coordinated capacity calculator shall notify the relevant NEMOs. These NEMOs shall 
immediately publish a notice for market participants. In such cases, cross-zonal capacity and 
allocation constraints shall be provided by the coordinated capacity calculator no later than 30 
minutes before the day-ŀƘŜŀŘ ƳŀǊƪŜǘ ƎŀǘŜ ŎƭƻǎǳǊŜ ǘƛƳŜέΤ 

¶ Article 47 ς Operation of single day-ŀƘŜŀŘ ŎƻǳǇƭƛƴƎΣ άόмύ The day-ahead market gate opening time 
shall be at the latest 11:00 market time day-ahead; (2)The day-ahead market gate closure time in 
each bidding zone shall be noon market time day-ahead. TSOs or NEMOs in the region based on the 
CEE region or its neighbouring countries may set a different gate closure time until this region has 
joined single day-ahead coupling; (3) Market participants shall submit all orders to the relevant 
NEMOs before day-ahead market gate closure time, in accordance with Articles 39 and 40; (4) Each 
NEMO shall submit the orders received in accordance with paragraph 3 to perform the MCO 
functions in accordance with Article 7(2) by no later than a time specified by all NEMOs in the 
proposal for a single price coupling algorithm set out in Article 37(5); (5) Orders matched in single 
day-ŀƘŜŀŘ ŎƻǳǇƭƛƴƎ ǎƘŀƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŦƛǊƳΦέΤ 

 

6 CACM, Article 2 ς Definitions: άΨŎƻƴǘƛƴǳƻǳǎ ǘǊŀŘƛƴƎ ƳŀǘŎƘƛƴƎ ŀƭƎƻǊƛǘƘƳΩ ƳŜŀƴǎ ǘƘŜ algorithm used in single intraday 
coupling for matching orders and allocating cross-Ȋƻƴŀƭ ŎŀǇŀŎƛǘƛŜǎ Ŏƻƴǘƛƴǳƻǳǎƭȅέ 

7 CACM, Article 2 ς Definitions: άΨǎƛƴƎƭŜ ƛƴǘǊŀŘŀȅ ŎƻǳǇƭƛƴƎΩ ƳŜŀƴǎ ǘƘŜ Ŏƻƴǘƛƴǳƻǳǎ ǇǊƻŎŜǎǎ ǿƘŜǊŜ ŎƻƭƭŜŎǘŜŘ ƻǊŘŜǊǎ ŀǊŜ 
matched and cross-zonal capacity is allocated simultaneously for different bidding zones in the intraday marketέ 

8 CACM, Article 2 ς 5ŜŦƛƴƛǘƛƻƴǎΥ άΨƳŀǊƪŜǘ ǘƛƳŜΩ ƳŜŀƴǎ ŎŜƴǘǊŀƭ 9ǳǊƻǇŜŀƴ ǎǳƳƳŜǊ ǘƛƳŜ ƻǊ ŎŜƴǘǊŀƭ 9ǳǊƻǇŜŀƴ ǘƛƳŜΣ 
ǿƘƛŎƘŜǾŜǊ ƛǎ ƛƴ ŜŦŦŜŎǘέ 
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¶ Article 48 ς 5ŜƭƛǾŜǊȅ ƻŦ ǊŜǎǳƭǘǎΣ άόмύ bƻ ƭŀǘŜǊ ǘƘŀƴ ōȅ ǘƘŜ ǘƛƳŜ ǎǇŜŎƛŦƛŜŘ ōȅ ŀƭƭ ¢{hǎ ƛƴ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ 
set out in Article 37(1)(a), all NEMOs performing MCO functions shall deliver the single day-ahead 
coupling results: (a) to all TSOs, all coordinated capacity calculators and all NEMOs, for the results 
specified in Article 39(2)(a) and (b); (b) to all NEMOs, for the results specified iƴ !ǊǘƛŎƭŜ офόнύόŎύΤ Χ όпύ 
Each NEMO shall inform market participants on the execution status of their orders without 
ǳƴƧǳǎǘƛŦƛŀōƭŜ ŘŜƭŀȅέΦ 

Similarly, Chapter 6 defines the operation of IDM and stipulates the following with regard to timing:  

¶ Article 58 ς Provision of input data, (1) Each coordinated capacity calculator shall ensure that cross-
zonal capacity and allocation constraints are provided to the relevant NEMOs no later than 15 
minutes before the intraday cross-zonal gate opening time; (2) If updates to cross-zonal capacity 
and allocation constraints are required, due to operational changes on the transmission system, 
each TSO shall notify the coordinated capacity calculators in its capacity calculation region. The 
coordinated capacity calculators shall then notify the relevant NEMOs; (3) If any coordinated 
capacity calculator is unable to comply with paragraph 1, that coordinated capacity calculator shall 
notify the relevant NEMOs. These NEMOs shall publish a notice to all market participants without 
ǳƴƧǳǎǘƛŦƛŀōƭŜ ŘŜƭŀȅΦέΤ 

¶ Article 59 - hǇŜǊŀǘƛƻƴ ƻŦ ǎƛƴƎƭŜ ƛƴǘǊŀŘŀȅ ŎƻǳǇƭƛƴƎΣ άΧ όнύ The intraday cross-zonal gate closure time 
shall be set in such a way that it: (a) maximizes market participants' opportunities for adjusting 
their balances by trading in the intraday market time- frame as close as possible to real time; and 
(b) provides TSOs and market participants with sufficient time for their scheduling and balancing 
processes in relation to network and operational security; (3) One intraday cross-zonal gate closure 
time shall be established for each market time unit for a given bidding zone border. It shall be at 
most one hour before the start of the relevant market time unit and shall take into account the 
relevant balancing processes in relation to operational security; (4) The intraday energy trading for 
a given market time unit for a bidding zone border shall start at the latest at the intraday cross-zonal 
gate opening time of the relevant bidding zone borders and shall be allowed until the intraday cross-
zonal gate closure time; (5) Before the intraday cross-zonal gate closure time, market participants 
shall submit to relevant NEMOs all the orders for a given market time unit. All NEMOs shall submit 
the orders for a given market time unit for single matching immediately after the orders have been 
received from market participants; (6) Orders matched in single intraday coupling shall be considered 
ŦƛǊƳΤ ΧέΤ 

¶ Article 60 ς 5ŜƭƛǾŜǊȅ ƻŦ ǊŜǎǳƭǘǎΣ άόмύ !ƭƭ b9ahǎ ǇŜǊŦƻǊƳƛƴƎ a/h ŦǳƴŎǘƛƻƴǎ ǎƘŀƭƭ ŘŜƭƛǾŜǊ ǘƘŜ Ŏƻƴǘƛƴǳous 
trading matching algorithm results: (a) to all other NEMOs, for results on the execution status per 
trade specified in Article 52(1)(a); (b) to all TSOs and scheduled exchange calculators, for results 
single net positions specified in Article 52(1)(b); (2) If, in accordance with paragraph 1(a), any NEMO, 
for reasons outside its responsibility, is unable to deliver these continuous trading matching 
algorithm results, it shall notify all other NEMOs; (3) If, in accordance with paragraph 1(b), any NEMO, 
for reasons outside its responsibility, is unable to deliver these continuous trading matching 
algorithm results, it shall notify all TSOs and each scheduled exchange calculator as soon as 
reasonably practicable. All NEMOs shall notify the market participants concerned; (4) All NEMOs shall 
send, without undue delay, the necessary information to market participants to ensure that the 
ŀŎǘƛƻƴǎ ǎǇŜŎƛŦƛŜŘ ƛƴ !ǊǘƛŎƭŜǎ су ŀƴŘ тоόоύ Ŏŀƴ ōŜ ǳƴŘŜǊǘŀƪŜƴΦέΤ 

 Balancing Market Timeframe 

The BM is a mechanism for TSOs to secure access to sufficient amount of capacity and energy to balance 
differences between supply and demand in real-time. There are in fact two NCs that support the 
harmonisation of balancing across Europe, the aforementioned EBGL and Regulation (EU) 2017/1485 of 2 
August 2017 establishing a guideline on electricity transmission system operation (SOGL) [6]. Frequency 
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related ancillary services are distinguished as Frequency Containment Reserve (FCR), Frequency Restoration 
Reserve (FRR) with automatic activation (aFRR) and manual activation (mFRR), and Replacement Reserve 
(RR). The following diagram describes the function and relationships of these services: 

t0 t0+30s t0+15min

FCR ς Primary 
reserve

- Automatic activation
- Up to 30s

aFRR ς Secondary 
reserve

- Automatic activation
- 30s to 15min

mFRR ς Tertiary reserve

- Semi-automatic/manual 
activation

- Max time of activation 
15min

RR ς Replacement 
reserve

- Semi-automatic/manual 
activation

- Min time of activation 15min

Intraday energy market

- Cheaper than RR
- For activations up to a 

couple of hours

t0+45min t0+1 
hour
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Figure 1: Organisation of balancing energy in Europe (Source [2]) 

As shown in Figure 1, the first service to respond after a disturbance in system frequency is FCR, then if 
necessary, aFRR is usually activated to aid FCR. Both of these are activated automatically. When the 
automatic response is not sufficient to restore nominal frequency, mFRR is activated for a maximum duration 
of 15 minutes (for scheduled activation), with the possibility to stack multiple mFRR products at a time. The 
activation of RR is done in exceptional cases and it has a minimum activation time of 15 minutes. This process 
is followed by procuring balancing energy on the BM for up to a couple of hours in advance. The balancing 
process and BM are explained in more detail in Deliverable D10.1 of this Project, [2]. 

In terms of timing, the system balancing timeframe is constrained by the IDM closure on one side and the 
required time for communication, security and ramp rate of generators before real-time. EBGL Article 24 
supports this statement, stating that balancing energy gate closure times need to be harmonised across all 
BMs at least for RR, mFRR and aFRR, and that they must be as close to real-time as possible and not before 
the IDM gate closure [5]. On the other hand, SOGL strictly regulates the operational planning procedure 
during this period, which it defines to be no longer than 15 minutes [6]9. 

Furthermore, EBGL stipulates that CZC calculation and allocation for provision of balancing services should 
be scheduled as close to real-time as possible, for the reason of not disrupting and limiting the previous 
energy trading market timeframes. In addition, according to Article 33 - Exchange of balancing capacity (7), 
ά¢{hǎ ǎƘŀƭƭ ƴƻǘ ƛƴŎǊŜŀǎŜ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƳŀǊƎƛƴ ŎŀƭŎǳƭŀǘŜŘ ǇǳǊǎǳŀƴǘ ǘƻ wŜƎǳƭŀǘƛƻƴ ό9¦ύ нлмрκмннн ό/!/aύ ŘǳŜ 
to the exchange of balancing capacity for frequency restoration reserǾŜǎ ŀƴŘ ǊŜǇƭŀŎŜƳŜƴǘ ǊŜǎŜǊǾŜǎέΦ /½/ 
allocated for the exchange of balancing energy or sharing of reserves shall be used exclusively for RR, mFRR, 
aFRR, while the reliability margin calculated pursuant to CACM shall be used for operating and exchanging 

 

9 SOGL, Article 3 ς Definitions, (72): ΨŎƭƻǎŜ ǘƻ ǊŜŀƭ-ǘƛƳŜΩ ƳŜŀƴǎ ǘƘŜ ǘƛƳŜ ƭŀǇǎŜ ƻŦ ƴƻǘ ƳƻǊŜ ǘƘŀƴ мр ƳƛƴǳǘŜǎ ōŜǘǿeen the 
last intraday gate closure and real-time 
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FCR only (Article 38 ς General requirements, Exchange of balancing capacity or sharing of reserves, (4)). The 
ǎŀƳŜ !ǊǘƛŎƭŜ оуΣ ƛƴ ǇŀǊŀƎǊŀǇƘ фΣ ǇǊŜǎŎǊƛōŜǎΥ ά²ƘŜƴ ŎǊƻǎǎ-zonal capacity allocated for the exchange of 
balancing capacity or sharing of reserves has not been used for the associated exchange of balancing energy, 
it shall be released for the exchange of balancing energy with shorter activation times or for operating the 
ƛƳōŀƭŀƴŎŜ ƴŜǘǘƛƴƎ ǇǊƻŎŜǎǎέΦ  

Most of the CROSSBOW Project participating countries have taken steps to establish national BMs and to 
participate in EU projects in support the implementation of the balancing NCs [1]. Nevertheless, a uniform 
implementation of all Market and System Operation NCs across all countries is a prerequisite for the 
establishment of a functional regional BM. 

 Market Coupling in EU and SEE 

The EU Electricity Market Target Model aims to ultimately achieve European-wide short-term price 
formation. This requires harmonisation of market rules across Europe and price coupling of regions, a process 
that is prescribed in CACM and currently ongoing through various regional projects. Non-EU countries, for 
which CACM is not mandatory, are taking steps towards the fulfilment of the requirements for coupling too. 
As presented in Deliverable 1.1 of this Project [1], the inclusion of Energy Community Contracting Parties 
from South-East Europe is driven by the target of implementing a common capacity calculation in the region 
and the technical assistance for early implementation of CACM. As such, non-EU CROSSBOW participants do 
not have designated NEMOs yet, however steps towards market coupling are being taken, [1]. The DAM 
market coupling status in the region is summarised in Figure 2, taken from the aforementioned Deliverable. 

 

             

 

 

 
both/multiple sides taking steps 

 

steps taken from one side 

 

no steps taken / considering options 

Figure 2: Market coupling developments in the region (Source [1]) 

The regional DAM developments are explained in detail in [1], but the most important conclusions are: 

¶ The Price Coupling of Regions (PCR) Project is a key project contributing to European market 
integration and harmonisation; as such BSP Southpool, CROPEX, IBEX, SEEPEX, Opcom and the Greek 
DAM are all service users or members of PCR (algorithm); 

  
  

Existing coupling 
plans, no actions 
taken 

Actual steps taken ï 
MoUs signed 

PCR project: MRC, 
coupled 2018 

4MMC, coupled 
2014, using PCR 
solutions 

Italy 
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¶ Slovenia and Croatia are already coupled within MRC; Romania is coupled within 4MMC; 

¶ Other regional or bilateral coupling projects are either planned, in negotiation or moving forward. 

The aim is to integrate the Western Balkan 6 countries with the day-ahead MRC as well. The current 
developments represent a stepwise approach to ensure all prerequisites are met before achieving this goal. 
With that in mind, clearly the relevant NCs must be implemented in all countries in order to harmonise 
market rules, but furthermore, all market deadlines must be coordinated in accordance to the rules defined 
in the NCs and already established practices in coupled European markets. In addition, the CZC computation 
methodology, information exchange and security considerations must be taken into account and coordinated 
with market gate opening and closure times. 

There are developments in IDM coupling as well, with the Cross Border Intraday Initiative (XBID) that 
launched in June 2018. The purpose of the initiative is to enable efficient continuous cross-zonal intraday 
trading and move towards a single pan-European IDM. Currently, the following countries take part in the 
initiative: Belgium, Denmark, Germany, Estonia, Finland, France, Latvia, Lithuania, Norway, the Netherlands, 
Austria, Portugal, Sweden and Spain. The initiative announced an expansion towards the end of 2019 by 
integrating the IDMs of Bulgaria, Croatia, Czech Republic, Hungary, Poland, Romania and Slovenia, [7]. 

The IDM coupling solution is based on implicit continuous trading but supports explicit trading on some 
borders. It uses a single algorithm that connects the information on available CZCs submitted by TSOs and 
different trading systems operated by power exchanges. The algorithm allows bids and offers submitted in 
different bidding zones to be matched if there is sufficient CZC available.  

The information in the previous sections on the relationship between the different markets and timeframes 
is summarised in Figure 3. In fact, the Energy Community Secretariat10 uses this representation to 
demonstrate the interlinkages between the markets and the necessity of implementing the EU electricity NCs 
for the long-term goal of establishing a functional SEE regional electricity market. Here it is given for clarity. 

 

Figure 3: EU Target model ς Interlinkages between Market Network Codes (Source [8]) 

 

 

 

10 https://energy-community.org/ 

https://energy-community.org/
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 Applied solutions in price coupling regions 

As explained above, the longest market timeframe is the FM which can take place years ahead up to a day 
ahead of delivery. Due to the extensive time period there can be multiple capacity auctions taking place on 
yearly, seasonal, monthly, weekly, and daily basis. However, the only auction that could have an impact on 
the organisation of the DAM is the daily auction. Namely, the DAM cannot commence prior to the publication 
of daily capacity allocation results. 

The NCs stipulate coordinated approach to capacity calculation and allocation. The South-East European 
countries are in fact members of capacity allocation offices ς the Coordinated Auction Office in South East 
Europe and the Joint Allocation Office. In their allocation rules, both offices define the results publication 
deadline to be 9:40 the day before delivery [9], [10]. 

As it can be observed from the market coupling initiatives presented above, for harmonising WP10 products 
with the operation of the rest of the market timeframes, the most relevant timing practices are those applied 
within MRC and 4MMC. For example, the DAM routine adopted by EPEX Spot [11] is the following: 

1) available transmission capacities are reported by respective TSOs before 10:00 

2) market participants must submit their bids and offers before the gate closure at 12:00 

3) prices are calculated between gate closure and 12:42, at which point preliminary results are 
published for information purposes only 

4) final results are published between 12:55 and 13:50 

5) trades are invoiced between buyers and sellers until 15:00. 

After the results publication, market participants can adjust their schedules on the IDM. Available 
transmission capacities are once again announced by the TSOs, after which point trading can commence. 
Established IDMs offer various products. However, matches are typically concluded on first-come first-served 
basis. Once a transaction is confirmed to the corresponding market participants, it is reported back to the 
TSO. 

The most important point of information exchange is the publishing of available CZC, which in effect marks 
the beginning of the IDM process. If the capacity allocation is done explicitly, as is for example the case on 
the France - Italy and Austria - Italy borders, this represents another important process that needs to 
conclude prior to IDM opening. For the aforementioned borders, CZC allocation is performed by JAO and 
there are two auctions, the first one offering products for each hour of the day from 00:00 until 24:00 and 
the second for hours between 16:00 and 24:00. The first auction closes at 15:55 the previous day, while the 
second at 10:00 on the day of delivery. The rules do not prescribe a deadline for results publication, but 
stipulate that they are published as soon as possible. The deadline is defined with each auction specification. 

Another example of explicit intraday capacity allocation is the Romania ς Hungary border. There, 
TRANSELECTRICA holds six sessions for four-hour segments each day. The schedule is the following (where H 
is the first hour of delivery in the four-hour segment) [12]: 

1) H - 6 hours: available capacities are published 

2) H - 4 hours: gate opening 

3) H - 3 hours: gate closing 

4) H - 2:30 hours: deadline for results publication 

5) H - 1 hours:  deadline for confirmation of final nominations. 

However, perhaps the best example is the XBID market schedule since it is the most advanced IDM coupling 
project. It is based on continuous trading using a shared order book concept and a separate capacity 
management module to offer continuous CZC allocation to users. All borders, except France ς Germany have 
implicit CZC allocation. The XBID geographical area is divided into separate Market Areas (MA) and trading 



 

 

 

D10.2: Novel balancing and wholesale electricity market design 22 

 

CROSS BOrder management of variable renewable energies 
and storage units enabling a transnational Wholesale market 

 

firstly opens within each of them ς intra-MA trading, and then they are coupled ς cross-MA trading. Hourly 
products are offered in all MAs, while some allow 15-minute, 30-minute and user defined products as well. 
This allows different zones more flexibility in terms of IDM rules, including products and deadlines, while still 
accomplishing the goal of market coupling [13]. Table 2 and Table 3 summarise gate opening and closure 
times for the different products in intra-MA and cross-MA trading respectively (D is the time of delivery). 

Table 2 Intra-MA trading deadlines in XBID (Source [13]) 

 Product 
German 

TSO areas 
Austria France 

Netherland
s & Belgium 

Nordics & 
Baltics 

Iberia 

Gate 
opening 

All 18:00 15:00 15:00 14:00 14:00 14:00 

Gate 
closure 

15-min D-30 min D-30 min /  /  /  /  

30-min D-30 min /  D-30 min /  /  /  

1 hour D-30 min D-30 min D-30 min D-5 min D-60 min* D-60 min 

User 
defined 

D-30 min D-30 min D-30 min D-5 min D-60 min* /  

* D-30 min for Finland and Estonia 
/ - not offered 

Table 3 Cross-MA trading deadlines in XBID (Source [13]) 

 
German 

TSO areas 
Austria France 

Netherlands 
& Belgium 

Nordics & 
Baltics 

Iberia 
German 

TSO areas 

Gate 
opening 

22:00* 18:00 22:00 22:00 14:00* 18:00** 22:00 

Gate 
closure 

D-60 min 

Products 
Germany ς Austria: 15-min 
Germany ς France: 30-min 
All others: 1 hour 

* 18:00 for Germany-Austria and Germany Denmark 1 
** Pending decision by ACER to move to 14:00 

In all transitions between market timeframes, it is crucial to coordinate the time of publication of available 
CZCs. As mentioned in Section 2.1.2, Article 58 of CACM stipulates that each CCC must notify relevant NEMOs 
of CZC and allocation constraints no later than 15 minutes before IDM cross-zonal gate opening time. Lastly, 
it is important to stress that the IDM should aim to remain open for as long as possible, but taking into 
consideration the required time for communication, security and ramp rates of generators. This should also 
leave sufficient time for the BM timeframe immediately prior to real-time. 
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3 Functional specification of AM 

 Solutions presented in the WP10 

¢ƘŜ /wh{{.h²Ωǎ ²ƻǊƪ tŀŎƪŀƎŜ ό²tύ мл ƛǎ ǘƛǘƭŜŘ /wh{{.h² ²ƘƻƭŜǎŀƭŜ ŀƴŘ !ƴŎƛƭƭŀǊȅ aŀǊƪŜǘ ǘƻƻƭǎŜǘ ό!aύΦ 
Under this WP, three products based only on software solutions will be developed. The three software 
solutions will be: 

- Intraday Energy Market platform (ID platform) 

- System Market platform for mFRR (mFRR platform) 

- Measurement of energies within aFRP 

The leader for the definition and development of the first two software solutions (ID platform and mFRR 
platform) is University of Ljubljana (UL), and the leader of the Measurement of energies within aFRP is 
Romanian Energy Center (CRE). 

The development of the products could be divided into two stages, functional specification definition and 
technical specification definition. The functional specification definition approach included an iterative 
ŦŜŜŘōŀŎƪ ƭƻƻǇ ǿƛǘƘ ǘƘŜ ¢{hǎΣ ŀǎ ǘƘŜ /wh{{.h²Ωǎ ŜƴŘ-users, providing relevant comments to the product 
functionalities. Based on the feedback, functional specification for the products was created, updated and 
defined. The functional specification addresses: 

- Brief descriptions of the solutions; 

- Data required as inputs for the solution functionalities; 

- Algorithms used in the solution; 

- Relevant timeframes; 

- 5ŀǘŀ ǎŜƴǘ ƻǳǘ ŀǎ ƻǳǘǇǳǘǎ ƻŦ ǘƘŜ ǎƻƭǳǘƛƻƴǎΩ ƻǇŜǊŀǘƛƻƴΦ 

Technical specification regarding the software and system architecture, as well as, the technologies that will 
be used in the development of the software adopted a more closed loop approach. Only the standards used 
for the data exchange models between the market participants and the platform were presented to the end-
users for feedback. The technical specification addresses: 

- Software architecture; 

- Packaging and deployment; 

- Technologies used. 

One more solution was planned for the WP10, System market platform for aFRR. Due to the complexity of 
the aFRR platform and aFRP process itself, the solution will not be demonstrated. The aFRR platform would 
ǊŜǉǳƛǊŜ ƛƴǘŜƎǊŀǘƛƻƴ ǿƛǘƘ ŜȄƛǎǘƛƴƎ ¢{hǎΩ ǎȅǎǘŜƳǎ which is, at the moment, out of scope of the project. However, 
the functionalities of the aFRR platform will still be described in this document. 

 Intraday Energy Market platform 

The Intraday Energy Market (ID) platform will represent a wholesale market conducted in an intraday con-

tinuous mode. The region of the ID platform will include countries of the TSOs that are part of the CROSS-

BOW project. TSOs from CROSSBOW will represent most of the countries from the SEE. 

NOTE: The development of the ID platform will take place in the next task of the WP10. The task T10.3: 
Development of CROSSBOW Wholesale and Ancillary Market toolset. During the development, some 
minor changes could be introduced and implemented, but the main functionalities presented in this 
document will remain. 
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The ID platform will be developed as a software demonstration and will not achieve the production ready 
status. The language of the ID platform, its features and the description of its operation will be English. 

In the preparation of the functional specification for the ID platform, relevant implementation projects from 
EU were investigated and considered. Cross-border Intraday (XBID Project) [14] started as a joint initiative by 
various Power Exchanges in cooperation with the TSOs from 11 countries. The main goal of the project is the 
creation of a joint integrated intraday cross-border market and enable continuous cross-border trading 
across Europe. In the first go-live stage in June 2018 no CROSSBOW TSOs were members of the initiative and 
no CROSSBOW TSO participated in the trading. In the second go-live stage, the following three CROSSBOW 
TSOs are said to join XBID: Bulgarian (ESO), Croatian (HOPS) and Romanian (TRANS). The remaining five 
CROSSBOW TSOs are not involved in the project. 

 Brief description and main functionalities of the platform 

The ID platform will represent a wholesale electricity market, where market participants (MPs) can trade 

based on closed contracts. A closed contract11 represents an agreement where the details of the trade are 

determined in advance. The quantity and price of the supplied energy is agreed on before the delivery. De-

viations of the delivered energy from the quantity agreed in the closed contract are subjected to imbalance 

settlement.  

The ID platform could offer its MPs 24/7 trading with predefined energy products. The ID platform will enable 

cross-border trading among multiple countries and increase the efficiency compared to the single cross-bor-

der intraday trading that is sometimes still present in the countries of the SEE. The main goal is to create a 

single platform that would collect orders for both types (bid and ask), as well as intraday CZC. The platform 

would enable market participants (MPs) from one country to view orders from another country. Similarly, 

orders can be matched between two MPS from different countries present on the platform. The only con-

straint for cross-border trading is the available CZC. 

The continuous trading matching algorithm will be used oƴ ǘƘŜ /wh{{.h²Ωǎ L5 ǇƭŀǘŦƻǊƳ, more precisely, 
Pay-as-bid algorithm will be used for matching orders on the platform. The trading will be based on a single 
currency euro όϵύ. 

All MPs (traders and suppliers) from the day-ahead market will be able to participate on the ID platform. MPs 
will be able to trade the predefined products on the market, as well as send orders with the necessary 
specified parameters while stating the desired price and quantity. Market will open at 15:00 (CET) and close 
for each product separately. Market will close 30 minutes before the start of the full delivery period for a 
specific product. 

MP2

ID platform

MP2
MP1

 2. Orders

Order book + matching
 - Order depth filling up
- In case of matching orders, a deal is 
concluded
- If the deal is cross-border, the CZCs 
are updated

TSO
1. CZC

TSO3. Summary

 
Figure 4: General process of the ID platform 

 

11 Opposed to the closed contract is the open contract, which is mostly used for final consumers, where the price is 
usually fixed, and the quantity of the contract can vary.  
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Orders of any type can be submitted in all market areas of the platform. If there is enough CZC available, 
orders can be matched in different market areas. The matching is done on a first-come first-served principle. 
The highest buy price and the lowest sell price get matched first. The orders that are matched are removed 
from the OB and the relevant CZC is updated and sent to the TSOs. Depending on the available CZC the OB is 
updated in such way, that the orders exceeding available CZC are removed. The CZC are updated on borders 
that were included in the cross-border flows originated from the cross-border deal. 

All of the above-mentioned functionalities will be described in more detail in the subchapters that follow. 

 Cross-zonal Capacity (CZC) and relevant timings on the market 

Cross-zonal capacity (CZC) represents the amount (in MW) that can be used for the cross-border transfers 
between bidding zones. The CZC shall be made available to the MPs, as long as the amount of offered CZC 
complies with the principle of secure network operation, [15]. 

For each border, two CZC values will be stored. One for each direction between two market areas. These 
values will be displayed on a separate screen where the market participants will be able to view the remaining 
CZC in the geographical region. 

Two directions of CZC represent and impact one of the two order types (bid and ask). CZC will have to be 
available towards the delivering market area, for the bid orders to be available for trading and CZC will have 
to be available away from the delivering area for the ask orders to be available for trading. The total volume 
of orders available for each direction should not exceed the CZC available to satisfy them. The maximum 
volume available is dependent on the available CZC. 

Intraday CZC will be published to the platform by TSOs either via API or via the user interface. The CZC 
published to the platform will be defined on a per-hour basis. Due to the fact that the minimum product 
length on the ID platform will be quarter hour, the platform will have to divide and allocate the CZC on a 
quarter hour basis. 

The following parameters will have to be defined when publishing the CZC to the platform: 

- Date of the CZC (in CET); 

- Hour of the CZC (in CET); 

- LFC area of the TSO; 

- LFC area of the delivering area (for every delivering area); 

- Total CZC available in direction away from the delivering area (in MW); 

- Total CZC available in the direction towards the delivering area (in MW). 

The CZC will be kept and updated at the platform. After every concluded cross-border trade the CZC from 
the borders crossed will have to be updated. After every 15 minutes on the platform, the results of the 
concluded trades and the cross-border schedules will be sent to the appropriate TSO. 

MPs will be able to view the remaining CZCs between countries participating on the platform on a dedicated 
tab on the Order Book. The tab will be updated after every trade or after every update of the CZC.  

In the Figure 5, relevant timings on the market for the ID platform can be observed. The following Gate 
Closure Times (GTC) or other time limitations have been identified: 

- CZC GCT: The first identified GCT is between TSOs and the ID platform. TSOs are required to send 
the calculated CZC between their borders that are participating on the ID platform. The TSO can 
publish the calculated CZC after the close of the day-ahead market and before the market opens 
(green colour); 
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- Market opening: The market is planned to open for all products at 15 CET, after the day-ahead 
market. The cross-border trading will open for all products at 18 CET (purple colour); 

- Cross-border schedules: Summary of the cross-border schedules is sent from the ID platform to 
the relevant TSOs every 15 minutes (dark grey colour); 

- Market close: The market is planned to close for each product separately, 1 hour before the start 
of the delivery, the cross-border trading will close and 30 minutes before the start of the delivery 
the market will close for a specific product (blue colour).  

T-60 T-30 TT-75T-1h...

Market closes for the 
product QH

Deal is conducted between 
two MPs from different areas

15 CET

Market opens 
for all products

CZC are sent to the platform 
before the market opens

Cross-border trading 
closes for the product 

QH

18 CET

Cross-border trading 
opens for all products

Trading is active for product QH at time T

ID platform sends the TSOs the 
summary for the last 15 minutes

 
Figure 5: Approximate timings for the ID platform 

 

Regarding the timeframes on the ID platform, TSOs of the CROSSBOW project have been consulted. The TSOs 
were asked about the market opening time for their IDM and market closing time for their IDM, as well as 
the opening times for cross-border trading and closing times for cross-border trading. Meaningful responses 
have been received from Bosnian and Herzegovinian, Bulgarian, Croatian, Montenegrin, North Macedonian, 
Romanian and Serbian TSOs as well as some other partners from the SEE countries. Their responses are 
summarised in Table 4. 



 

 

 

D10.2: Novel balancing and wholesale electricity market design 27 

 

CROSS BOrder management of variable renewable energies 
and storage units enabling a transnational Wholesale market 

 

 Market 
opening 
time IDM 

Market closing time 
IDM 

Cross-border 
trading opening 
time 

Cross-border trading closing 
time 

Bosnia and 
Herzegovina 

18:00 CET 
(D-1) 

22:15 CET (D) 18:00 CET (D-1) 22:15 CET (D) 

Bulgaria 14:00 CET 
(D-1) 

1 hour before delivery No limitation 14:30 CET for day-ahead 
nominations 

Croatia 15:45 CET 
(D-1) 

30 minutes before 
delivery 

18:00 CET (D-1) One hour before delivery for 
BiH and Serbian border 

Montenegro 18:00 CET 
(D-1) 

45 minutes before 
delivery 

No limitation 8:00 CET for long term and 
14:00 CET for short term 

North 
Macedonia 

18:00 CET 
(D-1) 

22:00 CET (D) No PX No PX 

Romania 18:00 CET 
(D-1) 

22:00 CET (D) and 1 hour 
before delivery 

4 hours before 
the delivery, 
trading for 4-
hour slots 

3 hours before the delivery, 
trading for 4-hour slots 

Serbia 18:00 CET 
(D-1) 

90 minutes before 
delivery, plan for 2020 is 
1 hour before delivery 

Several days in 
advance for 
long-term 

1 hour before the delivery 

Table 4: Summarisation of TSO feedback regarding the market timeframes in their countries 

Based on the relevant legislation and regulatory frameworks analysed in the earlier works within project and 
examples of good practice from the XBID project, coupled with the feedback of the current status of the 
intraday market in SEE countries presented in Table 4Σ ǘƘŜ ŦƻƭƭƻǿƛƴƎ L5 ǇƭŀǘŦƻǊƳΩǎ ǘƛƳŜŦǊŀƳŜǎ ŀǊŜ ǇǊƻǇƻǎŜŘ: 

- IDM opening time: 15:00 CET (D-1); 

- IDM closing time: 30 minutes before delivery; 

- Cross-border opening time: 18:00 CET (D-1); 

- Cross-border closing time: 1 hour before delivery. 

Authors are aware that the proposed timeframes are currently not directly applicable for all CROSSOW TSOs. 
Due to the nature of the project (CROSSBOW is a research innovation project), relevant literature review, as 
well as examples of good practice, the abovementioned timeframes were selected. 

 Parameters of the submitted order 

Various products can be traded for on the ID platform. The main identifier of a product is its delivery period 
and product type. Delivery period identifies the starting time of the delivery and the product type defines 
the duration of the delivery. The minimum product length on the ID platform is 15 minutes. It is represented 
with a Quarter hourly product.  

All orders submitted to the platform are required to have the following parameters defined: 

- Type of order: The direction of the trade can be identified from the type of order. Indicates 
whether the MP intends to place a buy order (bid) or whether the MP intends to place a sell 
order (ask); 

- Product type: The duration of the order can be identified from the product type. Overall, there 
are 4 product types on the ID platform; 



 

 

 

D10.2: Novel balancing and wholesale electricity market design 28 

 

CROSS BOrder management of variable renewable energies 
and storage units enabling a transnational Wholesale market 

 

- Starting time: The starting time of the product can be derived from the product identification 
number. An identification number PH11 would indicate that the delivery period of the product 
will start at 10:00 and last until 11:00; 

- Quantity: Defines the volume of the deal and; 

- Price of the order: tǊƛŎŜ ǿƛƭƭ ƘŀǾŜ ǘƻ ōŜ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ ǇƭŀǘŦƻǊƳ ƛƴ ŀƴ ϵκa² ŦƻǊƳŀǘ ǿƛǘƘ ǘƘŜ 
ǇǊƛŎŜ ǊŜǎƻƭǳǘƛƻƴ ƻŦ лΦлм ϵκa²; 

- Location of the order: LFC area will have to be included in order to locate the bid on the map 
and identify the necessary CZC to and from the LFC area. 

 

Four products can be traded on the platform. The main two product types on the ID platform are the 
following: 

- Quarter hour product (the abbreviation for the product is PQ): The delivery period of the product 
lasts 15 minutes. There are 96 PQ products on any given calendar day. 

- Hour product (the abbreviation for the product is PH): The delivery period of the product lasts 
one hour. There are 24 PH products on any given calendar day.  

These two types are not the only products that are available on the ID platform. From the above-mentioned 
PQ and PH products we can derive the following products: 

- Half hour product: It is comprised of two PQ products in consecutive delivery periods; 

- Block product: It is comprised of multiples PH products in consecutive delivery periods. Block 
order means an order with the total delivery period greater the longest delivery period of that 
specific product. 

 

All of the above-mentioned parameters that are required for a submitted order, are summarised in Table 5. 

Required parameters of the order submitted on the platform 

Type of order (direction) Bid or ask (buy or sell) 

Product type (duration) Quarter hour (PQ) or hour product (PH) 

Starting time of the product (product ID) Start time (in CET) 

Quantity Quantity in MW 

Minimum Quantity (increment) A minimum of 0.1 MW and can increase by the 0.1 MW 
increment 

Maximum Quantity A maximum of 9,999.9 MW 

Price of the order ϵκa²Σ ǇǊƛŎŜ ǊŜǎƻƭǳǘƛƻƴ лΦлм ϵκa² 

Location of demand Bidding zone/LFC Area 

Table 5: Summary of the parameters for the submitted order 

 Order book (OB) 

The Order book (OB) will present the central screen for the ID market platform. All orders (buy and sell) will 
be displayed on the OB. The orders will be sorted by price, for every product that will be active on that day, 
at that time. Some orders could be executed immediately after they are published, and others are stored and 
presented on the OB. The orders that are added to the OB build order depth.  
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Due to the cross-border trading constraint and even though OB contains all orders entered in all market 
areas, local view of the OB is introduced. Local view only makes the orders with enough CZC available to 
complete them visible. All orders that are visible on the OB can be matched against each other. If no CZC 
exists in a market area, local orders are still visible and can still be traded for, [16]. 

Bid orders required enough available CZC towards the delivering area and ask orders require enough 
available CZC from the delivering area form them to be presented on the local OB and able to be matched in 
a trade. All bid orders visible in the local OB cannot exceed the sum of CZC directed towards the delivering 
area and all ask orders visible in the local OB cannot exceed the sum of CZC directed from the delivering area. 
The sum of CZC represents all possible routes towards the delivering area or from the delivering area. OB is 
ǳǇŘŀǘŜŘ ŀŦǘŜǊ ŀƴȅ ƻǊŘŜǊǎ ŀǊŜ ŀŘŘŜŘ ǘƻ ǘƘŜ ǇƭŀǘŦƻǊƳΣ ƳƻŘƛŦƛŜŘ όŘƛǊŜŎǘƛƻƴΣ ǇǊƛŎŜΣ ǾƻƭǳƳŜΧύΣ ŘŜƭŜǘŜŘ ƻǊ 
matched (partially of fully).  

The OB presents an anonymous central trading screen as not identification of the owner of the bid can be 
visible or accessed. OB will offer necessary information and functionalities for continuous trading. The 
general parts of the ID OB consist of: 

- Product identification and its timing: From the product identification number, the product type 
and its start and end time can be determined; 

- Closing time for the trading of the product: Represents the GCT for concluding trades for a 
specific product; 

- Bid orders: The price and quantity of the best bid order type available at the local OB is 
presented; 

- Sell orders: The price and quantity of the best ask order type available at the local OB is 
presented; 

- Order depth: An order graph depicts the quantity and price of orders that do not have the best 
price. Example of the order depth can be observed in Figure 6.  Example of the order depth can 
be observed in. Almost all orders for both directions (depending if the number of total orders 
exceeds the number of orders that can be presented), their prices and volume can be compared 
visually; 

- Trade history: The last successful trade for a certain product is listed on the OB, as well as the 
quantity, price and the time of the last trade. 

Volume MWh

Price 
ϵκa²Ƙ

Bid Ask  
Figure 6: Example of the order depth on the ID platform 
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All of the above-mentioned parameters that are required for a submitted order, are summarised in Table 6. 

Information presented on the Order Book 

Tabs for orders 15min/30min/1h/block 

Time of the product HH:MM ς HH:MM (in CET) 

Market close time for a specific product HH:MM (in CET) 

Bid information Quantity and best price of bid 

Ask information Quantity and best price of ask 

Statistics and relevant information per product Highest/lowest price, order depth  

Last deal of the product and time when it was conducted 
(Trade history) 

Yes 

Table 6: Summary of the information presented on the Order Book 

 
Bid and Ask information in Table 6, mean that only the best bid/ask offers will be presented on the SOB. The 
best offer refers to the price. For the bid offer, the highest price a market participant is willing to pay will be 
presented as well as ǘƘŀǘ ƻŦŦŜǊΩǎ ǉǳŀƴǘƛǘȅΦ CƻǊ ǘƘŜ ŀǎƪ ƻŦŦŜǊΣ ǘƘŜ ƭƻǿŜǎǘ ǇǊƛŎŜ ŀ ƳŀǊƪŜǘ ǇŀǊǘƛŎƛǇŀƴǘ ƛǎ ǿƛƭƭƛƴƎ ǘƻ 
accept will be presŜƴǘŜŘ ŀǎ ǿŜƭƭ ŀǎ ǘƘŀǘ ƻŦŦŜǊΩǎ ǉǳŀƴǘƛǘȅΦ 

The second parameter for sorting bids is the timestamp. When a market participant enters an order to the 
market, a timestamp is assigned to it. If the market participant modifies the volume or price of the order, the 
timestamp is updated. In case two orders have the same price, the one with earlier time stamp will be 
presented on the SOB and matched earlier. Orders are sorted for each order type separately. Bid orders are 
sorted in descending order and ask orders are sorted in ascending order.  

When the market closes for a certain product, all remaining orders become expired and the local view of the 
OB is updated. Similarly, when the CZC is updated or a cross-border trade is made. Orders are 
added/removed from the local view depending on the CZC availability, [16]. 

 Matching 

The platform will make use of the continuous trading matching algorithm. The algorithm collects orders from 
bidding zones of ID MPs and continuously matches them, while taking into account the CZC. The successfully 
matched orders are transformed into trades and the trades represent closed contracts to deliver energy. 
Trading on the ID platform is available after the day-ahead market and before the balancing energy markets 
take place. 

Matching on the ID platform will be based on the pay-as-bid algorithm. As the name of the algorithm denotes, 
the pay-as-bid algorithm represents a process where market participants receive the price that was stated in 
their offer. This algorithm provides the market participants with the appropriate economic signals. 

There are various parameters that have to match in order for the deal to be concluded, such as: 

- Order type: For a trade to be concluded, both order types have to be presented on different 
sides of the trade, bid and ask order; 

- Date, time and type: Naturally, the date, time and type of the product have to match otherwise 
it is not the same product and the trade cannot be concluded; 

- Quantity: Currently, only regular types of the order are supported on the ID platform and 
therefore the quantity of the opposite orders have to match in full; 
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- Price: The price of the order that was added to the market with the later timestamp has to have 
either equal or better price than the best order of the opposite type in order to for a trade to be 
concluded instantly. 

The trading between different market areas is considered cross-border trading. It is only possible if the 
capacities between the areas are sufficient for a specific trade. Orders entered in one area will be displayed 
in all order books of other delivery areas, assuming enough CZC is available between them. When orders 
from different market areas are successfully matched together, the required CZC is allocated to that deal 
and, in turn, deducted from the overall capacities between the market areas. If no CZC is available between 
one participating market are and all other market areas, no cross-border orders will be visible, [16]. 

PRICE DETERMINATION AND TRADE CREATION 

When a deal is concluded, the price of the trade has to be determined. When two orders are matched, the 
price is determined as the price of the order that was present in the OB at an earlier timestamp. In case a bid 
order is sent to the platform, a new timestamp is created for it. If that order is matched against an existing 
ask order, the lowest sell order price becomes the trade execution price. In case of an ask order being sent 
to the platform, the limit price of the existing bid order becomes the trade execution price. 

A trade is concluded when the two orders are matched. One order can match with several other orders 
(cross-matching), but a trade can only be made between two orders. The following parameters are derived 
from the order details and are necessary for a trade, [16]: 

- Price (derived from the OB); 

- Quantity (derived from the OB); 

- Duration (derived from the OB); 

- Timestamp in CET, (derived from the OB); 

- Cost of the trade (calculated at the trade). 

The cost of the trade can be calculated by multiplying the quantity of the power traded (MW) with the price 
per energy unit that was determined between the two orders (ϵκa²) and the duration of the product that 
was traded in the deal. The timestamp of the trades is required in case there are multiple trades to determine 
the order of best price and to determine the time when the matching algorithm deems a trade executable. 

TRADE CANCELLATION 

A trade that was already concluded can be cancelled if a set of market rules has been satisfied. Even if both 
parties of the trade agree on the cancellation of the trade, there are still technical limitations for the that 
need to be satisfied for its cancellation. The trade can be cancelled if counter-allocation of CZC is still possible. 
The counter-allocation does not need to follow the same path as the original trade, but the same trade 
routing plan has to be considered. 

 System market platform for mFRR 

The System market platform for mFRR (mFRR platform) will represent an Ancillary services market intended 
for the TSOs to procure the balancing energy. The platform will make use of a TSO ς TSO model, where 
Balancing Service Providers (BSPs) will be able to send their offers to the TSO and the TSOs will forward them 
to the platform. The mFRR platform, should bolster non-discrimination between MPs taking into account 
various technical needs and capabilities of generation sources, energy storage and demand response 
solutions. The goal is to define the services in a transparent and technologically neutral manner and ensure 
non-discriminatory access to all MPs, as well as take into account the need to accommodate the increasing 
share of variable generation, [15]. 
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NOTE: The development of the System market platform for mFRR will take place in the next task of the 
WP10. The task T10.3: Development of CROSSBOW Wholesale and Ancillary Market toolset. During the 
development, some minor changes could be introduced and implemented, but the main functionalities 
presented in this document will remain. 

The mFRR platform will be developed as a software demonstration and will not achieve the production ready 
status. The language of the mFRR platform, its features and the description of its operation will be in English. 

In the preparation of the functional specification for the mFRR platform, relevant implementation projects 
from ENTSO-E were investigated and considered. Manually Activated Reserves Initiative (MARI) [17] is an EU 
implementation project. Its main goal is the creation of the European mFRR platform. There are 25 TSOs from 
ǘƘŜ 9¦ ǘƘŀǘ ŀǊŜ ƳŜƳōŜǊǎ ƻŦ a!wL ǇǊƻƧŜŎǘ ŀƴŘ р ¢{hǎ ǘƘŀǘ ŀǊŜ ƻōǎŜǊǾŜǊǎΦ !ƳƻƴƎ ǘƘŜ /wh{{.h² ¢{hǎΩ 
countries Greek TSO (ADMIE) and Romanian TSO (TRANS) are members of the MARI project and the Croatian 
TSO (HOPS), Bulgarian TSO (ESO), Serbian TSO (EMS) are observers of the project. The remaining three 
CROSSBOW TSOs, namely, Bosnian and Herzegovinian TSO (NOS BiH), Montenegrin TSO (CGES) and North 
Macedonian TSO (MEPSO) are not included in the project in any form. 

 Brief description and main functionalities of the platform 

In the Guideline on Electricity Balancing (EBGL) the European platform for the exchange of balancing energy 
for mFRR shall be based on the following common governance principles and business processes [5], [15]: 

- Platform shall be operated by TSOs or by means of an entity the TSOs could create themselves; 

- Multilateral TSO ς TSO model with Common Merit Order List (CMOL) for exchanging the 
balancing energy bids from standard products for mFRR;  

- Activation Optimisation Function (AOF); 

- Pricing of the balancing energy products shall be based on marginal pricing; 

- TSO ς TSO settlement function. 

With the mFRR platform, we aimed at satisfying all of the above presented objectives. Initially, in the 
demonstration phase, the platform is planned to be operated by the product leader UL. Due to the 
technologies used in the development of the platform, the main idea is, that if the ownership and the 
operation of the mFRR platform would once pass to the TSOs. The TSO ς TSO model will be used in the mFRR 
platform with the CMOL intended for cross-border exchange of the balancing energy bids for the mFRR 
product. The CMOL, coupled with the use of the AOF, with the pricing based on the marginal pricing, should 
increase the social welfare in the SEE region.  

BSP TSO BSPTSO
 1. Bids 3. CZC

2. Bids

4. Demands
7. CZC

6. Results 

LFC Area LFC Area

Common Merit 
Order List

+
Activation 

Optimisation 
Function

8. Activation 
requests

5. Algorithm

9. TSO ς TSO settlement 10. TSO ς BSP settlement
 

Figure 7: General process of the mFRR platform, Source [18] 

In the Figure 7 the general process of the CRO{{.h²Ωǎ ƳCww ǇƭŀǘŦƻǊƳ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘΦ Lǘ ƛǎ ŘƛǾƛŘŜŘ 
into 10 steps:  

1. BSP send bids to the TSO; 
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2. TSO forwards bids to the platform; 

3. TSO updates any changes in the availability of CZC to the platform; 

4. TSO forwards the mFRR demands to the platform; 

5. After the GCT, the CMOL is generated and with the help of the AOF, bids and demands are satisfied; 

6. Results of the optimisation (selected bids, satisfied demands and cross-border exchanges) are 
forwarded to the TSOs; 

7. The remaining CZCs are forwarded to the TSOs; 

8. TSO sends the activation requests to the relevant BSP; 

9. The cross-border marginal price process (settlement) takes place (TSO ς TSO settlement); 

10. The TSOs settle with the relevant BSP (TSP ς BSP settlement). 

¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜǎǎ ƻŦ /wh{{.h²Ωǎ ƳCww ǇƭŀǘŦƻǊƳ Ŏŀƴ ōŜ ŘƛǾƛŘŜŘ ŀƴŘ ŘŜǎŎǊƛōŜŘ ŀǎ ŦƻƭƭƻǿǎΦ CƛǊǎǘƭȅΣ ǘƘŜ .{tǎ 
ǎŜƴŘ ǘƘŜ ōƛŘǎ ǘƻ ǘƘŜ ¢{hǎ ƛƴ ǘƘŜƛǊ [C/ .ƭƻŎƪΦ ¢ƘŜ ǎŜŎƻƴŘ ǎǘŜǇ ƛǎ ǿƘŜƴ ǘƘŜ ¢{hǎ ŦƻǊǿŀǊŘ ǘƘŜƛǊ .{tǎΩ ōƛŘǎ ŀƴŘ 
ǘƘŜƛǊ ŘŜƳŀƴŘǎ ǘƻ ǘƘŜ /wh{{.h²Ωǎ ƳCww Ǉƭŀǘform. The CZC are sent to the platform immediately after the 
intraday market closes. In case any changes occur of if the CZC availability changes, the CZC have to be 
published to the platform until the GCT for that product. In the next step, the CMOL is created and the AOF 
is used to calculate the results of the optimisation. The accepted bids, satisfied demands and prices are sent 
to the relevant TSOs. Following the AOF the remaining CZCs are forwarded to the relevant TSOs. The 
calculation of financial TSO ς TSO settlement and afterwards the TSO ς BSP settlement takes place. The cycle 
for one 15-minute product and activation finishes. The process repeats itself 96 times in the day, once for 
each 15-minute product. 

All of the above-mentioned functionalities will be described in detail in the subchapters that follow. 

 Characteristics and parameters of the standard product 

There are many characteristics that the BSPs have to satisfy when submitting a balancing energy bid to the 
mFRR platform. Parameters and characteristics can be divided between required and variable. Required 
parameters have to be satisfied and the variable parameters have to be defined, otherwise the bid is 
considered as void. BSPs have to satisfy at least the following required parameters [2], [5]: 

- Preparation period: The period between the activation request by the TSO and the start of the 
ramping period. The preparation period is expected to last 2.5 minutes due to the expected 
shape of the product; 

- Ramping period: The time required for the active power output to increase or decrease from the 
current set point to the desired one. The ramping period is expected to last 10 minutes due to 
the expected shape of the product; 

- Full Activation Time (FAT): The period between the activation request by the TSO and full 
delivery of requested MW power in the balancing energy bid. It is the sum of the preparation and 
ramping period presented above. The FAT is expected to not exceed 12.5 minutes due to the 
expected shape of the product. Units with FAT larger than 12.5 minutes should not be planned 
to participate on the market and may be subject to imbalance settlement in case of larger 
deviations. 

- Minimum and maximum quantity: Represent the minimum and maximum allowed change of 
the power output in MW offered to the platform by the BSPs. Offered power change has to be 
reached until the end of the activation time. The minimum quantity is 1 MW and the maximum 
quantity is 9999 MW; 
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- Deactivation period: Represents the down-ramping period, the time required from the 
contracted full delivery back to the set point from before the activation began. The deactivation 
period is expected to last 10 minutes due to the expected shape of the product; 

- Mode of Activation: Represents the way an energy balancing bid is activated. Generally, it can 
be either manual or automatic. For the mFRR platform, manual mode is considered;  

- Minimum and maximum duration of the delivery period: The time period when the BSP delivers 
full requested change of power to the system. Due to the fact that only scheduled activation will 
be allowed, the time of the duration of the delivery period is expected to be 5 minutes. 

Some of the parameters introduced above, are visually represented in Figure 8. 

T T+5 T+10 T+15 T+20T-5

Start of the ramping 
period Start of the 

deactivation period
Start of the 

preparation period

Duration of the 
delivery period

Full delivery period

Product QH at time T

Full activation time
 

Figure 8: Shape of the standard product, Source [19] 

 

The other type of parameters are variable parameters. These are the parameters that have to be specified 
by the BSP. The following parameters are the variable parameters, [5]: 

- Price of the bid: Represents the price ƛƴ ϵκa² ǿƛǘƘ ǘƘŜ ƎǊŀƴǳƭŀǊƛǘȅ ƻŦ лΦлм ϵκa²; 

- Direction of the bid: Represents either upward or downward direction of the submitted bit. It 
defines whether the BSP will be obliged to increase or decrease the power output; 

- Quantity: Represents the amount of change of the power output of the bid in [MW]; 

- Divisibility: Bids can be either divisible or indivisible; Divisibility of the bids is a parameter of the 
balancing energy bid that specifies if partial activation of the bid is allowed or not. Indivisible bids 
can only be activated in full. 

- Location of the bid: The appropriate LFC area or market area has be defined when sending the 
bid to the platform. 

- Minimum duration between the end of deactivation period and the following activation: 
Defined as the required time between one and the other activation (relevant in case of direct 
activation and consequent activations); 

- Validity period: Represents the time in which the submitted bid is valid and offered by the BSP 
to the platform for activation. Should be defined with the start time and end time. 
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In the current stage, only scheduled activation was considered for the demonstration and therefore for 
functional specification. Scheduled activation is mostly used as a mean to replace the aFRR bids activated 
due a disturbance or to handle forecasted imbalances. The scheduled activations take place four time in an 
hour (HH:00, HH:15, HH:30, HH45). This gives BSPs certainty of the timing on balancing energy bid activations. 

All parameters and characteristics for the balancing energy bid and their indicative values are summarised in 
the Table 7. 

Required parameters of the mFRR balancing energy bid and their values 

Direction of the bid Upward/Downward 

Quantity MW (Minimum 1 MW and maximum 9,999 MW) 

Price of the bid ϵκa²Σ ǇǊƛŎŜ ǊŜǎƻƭǳǘƛƻƴ лΦлм ϵκa² 

Location of demand Bidding zone/LFC Area 

Divisibility Divisible/indivisible 

Type of activation Manual 

Validity period Start and end time of the period have to be specified 

Expected preparation period duration 2.5 minutes 

Expected ramping period duration 10 minutes 

Full Activation Time 12.5 minutes 

Duration of delivery period 5 minutes 

Expected deactivation period duration 10 minutes 

Full delivery period 25 minutes 

Table 7: Parameters of the balancing energy bid 

 

 Cross-Zonal Capacity (CZC) and relevant timings on the market 

Cross-zonal capacity (CZC) represents the amount (in MW) that can be used for the cross-border transfers 
between bidding zones. The CZC shall be made available to the MPs, as long as the amount of offered CZC 
complies with the principle of secure network operation. CZC should be efficiently allocated on the balancing 
markets, to ensure operational security, [15]. 

The mFRR platform will acquire CZC after the trading for the specific product has been concluded on the ID 
platform. Due to the fact that the ID platform and the mFRR platform will be connected, there is a possibility 
that the intraday CZC will be forwarded internally (from ID platform to the mFRR platform). 

Otherwise, similarly to the ID platform, the CZC will be published to the platform by the TSOs either via API 
or via the user interface. The following parameters will have to be defined when publishing the CZC to the 
platform: 

- Date of the CZC (in CET); 

- Hour of the CZC (in CET); 

- LFC area of the TSO; 

- LFC area of the delivering area (for every delivering area); 

- Total CZC available in direction away from the delivering area (in MW); 

- Total CZC available in the direction towards the delivering area (in MW). 
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After the intraday market closes and the CZC are already sent to the mFRR platform. The TSOs will be able to 
continuously update the available CZC for balancing energy exchange. CZC should be updated immediately 
after it changes or after it has been recalculated. In the mFRR platform, the remaining intraday CZC will be 
considered. 

General process of the mFRR platform identifies the following GCTs and time constraints for the operation: 

- BSP ς TSO GCT:  GCT is only relevant for the BSPs and the TSO in their bidding zone. Before the 
deadline of 25 minutes before the start of the product, BSPs have to submit energy balancing 
bids to their TSO (purple colour); 

- TSO ς Platform GCT:  TSOs need to submit a certain percentage of BSP bids to the platform 10 
minutes before the start of the product. At the same time, TSOs have to submit all of their 
demands to the platform. Until the GCT, TSOs can change and update their demands, but after 
the GCT, demands cannot be changed (blue colour); 

- CZC GCT: The deadline for any updates/changes to the available CZC is 10 minutes before the 
start of the product. Usually, the CZC is published to the platform after the ID market closes. 
Recalculations and changes are permitted until the CZC GCT (green colour); 

- Platform + communication GCT: At least 12.5 minutes have to be allowed between the request 
for activation and full power (T - 12.5 minutes ς communication time); 

All of the GCTs are summarised in the Figure 9. 

 

T T+5 T+10 T+15 T+20T-5T-10T-15

Start of the ramp for 
physical exchange (T-5)

TSO ς Platform Gate 
Closure Time (T-10)

12.5 min FAT

Product QH at time T

Communication time TSO - BSP

Communication time TSO - Platform

Platform processing time

Communication time Platform - TSO
Expected shape of the 

physical exchange

T-20T-25

BSP ς TSO Gate 
Closure Time (T-25)

TSO processing time

CZC Gate Closure Time 
(T-10)

 
Figure 9: Timings for scheduled activation with Gate Closure Times, Source [18] 

 

 Parameters of the demand 

At least the following [18]: 

- Direction of the requested activation: Represents either upward or downward direction of the 
submitted bit. It defines whether the BSP will be obliged to increase or decrease the power 
output; 

- Quantity of the demand: Represents the amount of change of the power output of the bid in 
[MW]; 

- Elasticity of the demand: Defined with the TSO demand price. It provides the TSOs with the 
flexibility to determine if their demand has to be satisfied by the platform or if the TSO can try 
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and find alternative balancing energy activations (activation up to a price). Inelastic demand does 
not have a price and therefore, it has to be satisfied at any cost (activation at any price); 

- Location of the demand: The appropriate LFC area or market block should be defined when 
sending the demand to the platform; 

- Type of activation: At this stage of the development, only scheduled activation was considered. 

 

All demands are considered to be divisible. In case the balancing energy demands are higher than the 
balancing energy bids and the bids are unable to satisfy all demands, the demands of all TSOs will be lowered 
on a pro-rata basis. 

All parameters for the balancing energy demand and their indicative values are summarised in the Table 8. 

Required parameters of the balancing energy demand and their values 

Direction of the demand Upward/Downward 

Quantity MW 

Elasticity Elastic/Inelastic  

TSO demand price (optional) LŦ ŜƭŀǎǘƛŎΣ ǘƘŜ ǇǊƛŎŜ ǎƘƻǳƭŘ ōŜ ƛƴ ϵκa² ǿƛǘƘ ŀ ǇǊƛŎŜ ǊŜǎƻƭǳǘƛƻƴ 
ƻŦ лΦлм ϵκa² 
 
If inelastic, the price should not be given 

Location of demand Bidding zone/LFC Area 

Type of activation Scheduled only 

Table 8: Parameters required for the balancing energy demands 

 

 Common Merit Order List (CMOL) 

In the EBGL [5], CMOL is described as a sorted list of balancing energy bids. The balancing energy bids shall 
consist only of standard product bids. The bids on the CMOL will be sorted first by the price and second by 
the timestamp. The best bids available will be activated first and will have the priority in dispatching.  

BSPs shall submit the standard mFRR product bids to the connecting TSO until the appropriate GCT (note that 
GCT from BSP to TSO should be sooner than GCT from TSO to platform). It is not intended for the TSOs to 
forward all of their balancing energy bids to the platform. TSOs should keep a certain percentage of bids for 
themselves, for security reasons. 

Two CMOLs will be created on the mFRR platform for each quarter hour product. One CMOL will be intended 
for the upward scheduled activation of balancing energy bids and the other one will be intended for the 
downward CMOL. Both CMOLs will contain available standard product bids of the appropriate direction. Only 
bids submitted in euro (ϵ) will be considered. Bids in any other currency will be considered void. Furthermore, 
bids with any of the necessary parameters missing will be considered void. 

Figure 10 presents an example of the CMOL, where the height of each bar represents the price in ϵκa² for 
each bid and the width of each bar represents the quantity for each bid in MW. Supposedly, there are three 
TSO present on the market. The CMOL for upward CMOL activation would be sorted in ascending order of 
the price. Bids with the same price, would be sorted by timestamp. 
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Common Merit Order List

Volume MW

Price 
ϵκa²

TSO A

TSO B

TSO C

 
Figure 10: Example of the Common Merit Order List, Source [20] 

 

 Activation Optimisation Function (AOF) 

Activation Optimisation Function (AOF) represents the algorithm that will be applied to all CMOLs to optimise 
the balancing energy bids and demands. ¢ƘŜ !hC ǳǎŜŘ ƛƴ ǘƘŜ /wh{{.h²Ωǎ mFRR platform will be based on 
the maximisation of the social welfare in the region of market participants (SEE region). According to the 
EBGL [5], the AOF shall take into account at least the following: 

- Availability of CZC; 

- Bids submitted by the TSOs should be included on the relevant CMOL; 

- Demands submitted by the TSOs should be taken into account; 

- Activation processes and technical constrains from different balancing energy products should 
be considered; 

- The possibility of netting counteracting activation requests from TSOs. 

The use of AOF should be separated among CMOLs with upward and downward balancing energy bids. Each 
TSO should submit the activation requests for balancing energy bids (demands) to the AOF. 

In the Table 9, the process of the AOF is summarised. The inputs to the AOF are the BSP balancing energy 
bids, TSO demands and availability of CZC. The AOF creates a cost curve consisting of the TSO demands and 
CMOL for all bids. The optimal social welfare is calculated based on the curve and defined constraints. An 
increase of the social welfare is represented as the decrease of the balancing energy costs in the region. The 
results of the optimisation include satisfied demands, accepted bids, cross-border volumes and cross-border 
marginal prices for the activation of balancing energy bids. 
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Inputs Objectives Constraints Results of the 
optimisation 

Merged 
upward/downward 
CMOLs (Balancing 
energy bids) 

1. Maximise welfare for 
a given set of bids and 
demands 

Available CZC List of activated 
balancing energy bids 

Available CZC 2. Minimize the amount 
of mFRR power 
exchange on each 
border between bidding 
zones (LFC areas) 

The sum of activated 
bids, satisfied demands, 
cross-border exchanges 
is zero (for every LFC 
area) 

Cross-border volumes 
and cross-border 
marginal prices for the 
balancing energy 
resulting from activation 
of bids 

 

Demands from the TSOs 
(activation requests for 
balancing energy bids) 

  Used CZC for each 
border  

Table 9: Inputs, objectives, constraints and outputs from the ƳCww ǇƭŀǘŦƻǊƳΩǎ AOF 

 

In the Figure 11, we can observe the merged CMOLS for upward and downward activation. The CMOLs are 
merged in such a way that the bids from BSP are coupled with the demands from the TSOs in the other 
direction, [19].  

The green line, presents a downward TSO demand, meaning that TSO is willing to pay someone to reduce 
their production coupled with upward BSP bids, meaning that the price BSPs would be willing to be paid to 
increase their production. 

The blue line presents the upward TSO demand, meaning that TSO is willing to pay someone to increase their 
production coupled with downward BSP bids, which represent the price BSPs would be willing to pay to 
reduce their production. 

Depending on the price, the two CMOLs are created (one for each direction). In the illustrative example in 
Figure 11, the downward TSO demands would be satisfied in full and the upward TSO demand would be only 
partially satisfied. The marginal price is marked with the red dot. 
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Quantity MW

Price 
ϵκa²

0

Downward bids + 
Upward TSO demands

Upward bids + 
Downward TSO demand

Downward BSP bid

Downward TSO demand

Upward BSP bid

Downward TSO demand

Downward BSP bid

Upward TSO demand

 
Figure 11: Example of merging of the bids on the CMOL with the TSO demands, Source [18], [20] 

  

 Cross-border marginal pricing 

According to the [5], the pricing method shall: 

- Be based on marginal pricing (pay-as-cleared); 

- Provide market participant with the correct price signals.  

The pricing and settlement process will be based on cross-border marginal pricing, which is based on pay-as-
cleared marginal pricing. The pay-as-cleared algorithm makes use of the price of the last bid of a standard 
product, that has been activated to satisfy the balancing energy demands for all market participants. There 
are certain advantages of the pricing algorithm, including [19]: 

- Compliance with the EBGL; 

- Level playing field for all participants. If no congestions occur, BSPs in the same area get the same 
price; 

- BSPs should not be inclined to add a premium to the price, which can, in turn, provide us with 
better social welfare and gives better price signal; 

- If a congestion occurs in the area, the congestion rent is introduced. 

The cross-border marginal pricing algorithm is presented in Figure 12. The price will be calculated within the 
AOF and will depend on the congestions in the area. Two cases can be identified: The case with no 
congestions between the LFC areas and the case where a congestion between two neighbouring areas occurs. 

No congestion between the LFC areas 

In the case where no congestion is present in the region of market participants, the highest activated bid 
price defines the TSO ς TSO settlement price, as well as TSO ς BSP settlement price. The price that every BSP 
receives for having its balancing energy bids activated is the same for all BSPs. The process of price definition 
can be seen in Figure 12. For the sake of clarity, only two TSOs are considered for the Figure 12, as well as all 
bids having the same volume. The example shows that when a demand from TSO A and TSO B is activated 
with the help of a CMOL. A common marginal price is created for both TSOs. 
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Volume MW

Price 
ϵκa²

Demand

TSO A

TSO B

 
Figure 12: Example of cross-border marginal pricing with no congestion, Source [20] 

Due to the amount of energy activated in the region A, TSO B has to pay the proportional share of the 
increased costs. The cost increased due to the higher number of activations originating from the area A. As 
it can be observed, the demand in the area A is two and the demand in the area B is three. But due to prices 
and CMOL, the TSO with the higher demand (in our case TSO B) pays to the TSO A for one bid. The TSO A 
then pays for the one bid to the BSP that provided it. All cost differences are paid through the TSO ς TSO 
ǎŜǘǘƭŜƳŜƴǘ ǿƛǘƘ ǘƘŜ άŎƻƳƳƻƴέ ŎǊƻǎǎ-border marginal price. 

 
Congestion between the LFC areas exists 

In case where there is no CZC available between the LFC areas or if the CZC are not sufficient to accommodate 
ǘƘŜ ¢{hǎΩ ŘŜƳŀƴŘ, a congestion occurs. Again, for the sake of clarity, only two TSOs are considered, as well 
as all bids having the same volume. 

OƴŜ ƻŦ ǘƘŜ ƳCww ǇƭŀǘŦƻǊƳΩǎ ŦŜŀǘǳǊŜǎ ǿƛƭƭ ŀƭǎƻ ōŜ ƴŜǘǘƛƴƎ ƻŦ ¢{h ƳCww ƴŜŜŘǎ, which requires sufficient CZC. 
As a result, congestions are likely to occur because of mFRR activations. Differences in the price in the area 
and the operation of the AOF are likely to cause the energy flows to form from the cheapest area towards 
the more expensive one. In case of congestions, the price difference (congestion rent) between the area will 
results in the amount the more expensive area is willing to pay and the amount the cheaper area is willing to 
receive. 
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Volume 
MWh

Price 
ϵκa²Ƙ

Demand

TSO A

TSO B

MPB

MPA

MPB

MPA

 
Figure 13: Example of cross-border marginal pricing, with congestion, Source [19] 

In the Figure 13 we can observe the effect of congestion on cross-border marginal pricing. Unlike in Figure 
12, where the cross-border marginal pricing without congestion resulted in a single marginal price, two 
marginal prices are present. The TSO B will be settled at a higher marginal price than TSO A. The TSO A had 
requested activation of two bids and the TSO B requested activation of three bids.  

In the TSO ς BSP settlement, TSO A is required to pay BSPs from the region A for three activated bids at the 
lower marginal price A and TSO B is required to pay its BSPs for the activation of two bids at the higher 
marginal price B. In the TSO ς TSO settlement, the TSO B is required to pay TSO A for one activated unit at 
the higher marginal price B, but the TSO A will pay its BSPs at the lower marginal price A. The difference 
between the amount that the TSO A receives from TSO B and the amount that the TSO A needs to pay to its 
BSPs is called the congestion rent. Due to the fact that TSOs need to remain financially neutral in the 
balancing process, the congestion rent will be shared between the TSOs, in this case, between TSO A and B.  

 System market platform for aFRR 

As described in the green note below, only these functional specification will be made for the aFRR platform 
and no software development will take place. The partial functional specification are developed as if software 
development would take place afterwards. 

The aFRR platform would represent an Ancillary services market intended for the TSOs to procure the 
balancing energy. The platform will make use of a TSO ς TSO model, where BSPs will be able to send their 
offers to the TSO and the TSOs will forward them to the platform. 

In the preparation of the functional specification for the aFRR platform, relevant implementation projects 
from ENTSO-E were investigated and considered. The Platform for the International Coordination of 
Automated Frequency Restoration and Stable System Operation (PICASSO) [21] is an ENTSO-E 
implementation project. Its main goal is the creation of the European aFRR platform. There are 16 TSOs from 
the EU that are members of PICASSO project and 10 ¢{hǎ ǘƘŀǘ ŀǊŜ ƻōǎŜǊǾŜǊǎΦ !ƳƻƴƎ ǘƘŜ /wh{{.h² ¢{hǎΩ 
countries, there are no TSOs that are members of the PICASSO project, but the Greek TSO (ADMIE), Romanian 
TSO (TRANS), Croatian TSO (HOPS), Bulgarian TSO (ESO) are observers of the project. The remaining four 
CROSSBOW TSOs, namely, Bosnian and Herzegovinian TSO (NOS BiH), Serbian TSO (EMS), Montenegrin TSO 
(CGES) and North Macedonian TSO (MEPSO) are not included in the project in any form. 
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NOTE: The further software development of the System market platform for aFRR is not planned in any 
other task in the WP10. Only these partial functional specification for aFRR platform are developed. Some 
minor changes could be introduced and implemented in the extensive description, but the main 
functionalities presented in this document would remain. 

Both, the ƳCww ŀƴŘ ǘƘŜ ŀCww ǇƭŀǘŦƻǊƳ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀǊŜ ǇŀǊǘ ƻŦ ǘƘŜ 9.D[Ωǎ European plat-

form for the exchange of balancing energy, and therefore, some notions and definitions may be shared. In 

order to not repeat the same definitions and functionalities, a reference to a subchapter in the mFRR may 

be included. 

 Overview of the general process 
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Figure 14: General process of the aFRR platform, Source [22] 

In the Figure 14 ǘƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜǎǎ ƻŦ ǘƘŜ /wh{{.h²Ωǎ ŀCww ǇƭŀǘŦƻǊƳ Ŏŀƴ ōŜ ōǊƛŜŦly observed. It can 
mainly be divided into 5 steps:  

1. BSP send bids to the TSO; 

2. TSO forwards bids to the platform; 

3. TSO updates any changes in the availability of CZC to the platform; 

4. TSO forwards the calculated aFRR demands to the platform; 

5. After the GCT, the CMOL is generated and with the help of the AOF, the aFRR power interchange is 
calculated and sent to the Frequency Restoration Control Error (FRCE) adjustment process. 

 
The general process can be divided and described as follows. Firstly, the BSPs send the bids to the TSOs in 

ǘƘŜƛǊ [C/ .ƭƻŎƪΦ ¢ƘŜ ǎŜŎƻƴŘ ǎǘŜǇ ƛǎ ǿƘŜƴ ǘƘŜ ¢{hǎ ŦƻǊǿŀǊŘ ǘƘŜƛǊ .{tǎΩ ōƛŘǎ ŀƴŘ ǘƘŜƛǊ ŘŜƳŀƴŘǎ ǘƻ ǘƘŜ /wh{{π

.h²Ωǎ ƳCww ǇƭŀǘŦƻǊƳΦ ¢ƘŜ /½/ ŀǊŜ ǎŜƴǘ ǘƻ ǘƘŜ ǇƭŀǘŦƻǊƳ ƛƳƳŜŘƛŀǘŜƭȅ ŀŦǘŜǊ ǘƘŜ ƛƴǘǊŀŘŀȅ ƳŀǊƪŜǘ ŎƭƻǎŜǎΦ Lƴ 

case any changes occur of if the CZC availability changes, the CZC can be updated and published to the plat-

form until the GCT for that product. The TSOs forwards the calculated aFRR demands in their LFC area to the 

platform. Based on the balancing energy bids, demands and available CZC, the aFRR balancing energy 



 

 

 

D10.2: Novel balancing and wholesale electricity market design 44 

 

CROSS BOrder management of variable renewable energies 
and storage units enabling a transnational Wholesale market 

 

exchange is calculated and sent to the TSOs. The output of the AOF can be directly used in the FRCE adjust-

ment process.  

Based on the comparison done in PICASSO project [22], the Control Demand Model was selected as the 

control exchange model for the interaction between the AOF and the control loops of FRCE adjustment 

process in each LFC area. The FRCE represents the error of the frequency restoration process, which is 

equivalent to the Area Control Error (ACE) of the LFC area and can be seen in the frequency deviation if the 

geographical area of the LFC area corresponds to the synchronous area. Each LFC area is required to have a 

single controller to manage the activation of aFRR bids, [6]. 

 Characteristics and parameters of the standard product 

Most parameters of the aFRR standard product are similar to the ones presented in the mFRR subchapter 

3.3.2. Therefore, the description of the parameters will not be included in this chapter. However, the ex-

pected values of required and variable parameters will be introduced. Similarly to the standard product for 

the mFRR, the following required parameters have to be satisfied for the aFRR product: 

- Full Activation Time (FAT); 

- Minimum and maximum quantity; 

- Deactivation period; 

- Validity period;  

- Divisibility; 

- Minimum duration between deactivation period and the following activation. 

- Mode of activation. 

Preparation period duration and ramping period duration were not proposed to be harmonised at this 

point. Nonetheless, the FAT has to be satisfied for a unit to be able to participate on the aFRR platform. 

Based on the comparison done in the Implementation project PICASSO [22], the technical and economic 

assessment suggested that the FAT should by 7.5 minutes at this time in project. Therefore, the same value 

is proposed. 

Minimum and maximum quantity of the aFRR product will be similar to the one from mFRR platform. The 

minimum quantity will be 1 MW and the maximum quantity will be 9,999 MW. 

The deactivation period for the aFRR product is to be similar to the proposed FAT. The duration period of 

the deactivation would therefore be 7.5 minutes. 

The minimum period of validation of the bid shall be at least 15 minutes.  

Due to the nature of the aFRP and the fact that activations of balancing energy are almost continuous, all 
bids have to be divisible. The time required between the deactivation period and reactivation period of a bid 
will have to be zero. The bids have to be available for activation almost continuously.   

Mode of activation for the aFRR product will be automatic only. Both, sending of the balancing energy 
demands to the platform and sending the results from the AOF from the platform towards the LFC area will 
be done automatically. The activation signals will be sent in the form of setpoints to the LFC area.  

The other type of parameters are variable parameters. The following parameters have to be specified by the 
BSP, [5]: 

- Price of the bid; 

- Quantity; 
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- Location. 

hƴƭȅ ōƛŘǎ ǎǳōƳƛǘǘŜŘ ƛƴ ŜǳǊƻ όϵύ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘΦ .ƛŘǎ ƛƴ ŀƴȅ ƻǘƘŜǊ ŎǳǊǊŜƴŎȅ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǾƻƛŘΦ 
Furthermore, bids with any of the necessary parameters missing will be considered void. The price of the bid 
ǿƛƭƭ ƘŀǾŜ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ ƻŦ лΦлм ϵκa²Φ The quantity has to be specified when submitting a bid. 

Similarly to the mFRR product, the location has to be specified in order for cross-border activations to 
function properly. 

All parameters for the balancing energy bid and their indicative values are summarised in the Table 10. 

Required parameters of the aFRR balancing energy bid and their values 

Direction of the bid Upward/Downward 

Quantity MW (Minimum 1 MW and maximum 9,999 MW), 
granularity 1 MW 

Price of the bid ϵκa²Σ ǇǊƛŎŜ ǊŜǎƻƭǳǘƛƻƴ лΦлм ϵκa² 

Location of demand Bidding zone/LFC Area 

Divisibility Divisible/indivisible 

Type of activation Automatic 

Validity period Start and end time of the period have to be specified 
(minimum 15minutes) 

Full Activation Time 7.5 minutes 

Expected deactivation period duration 7.5 minutes 

Table 10: Required parameters for the aFRR balancing energy bid 

As it can be observed from Table 10, the level of harmonisation of the aFRR standard product is a bit less 

strict compared to the mFRR. The number of harmonisation parameters is lower, but their limits are 

stricter. 

There are also some specifics considering the balancing energy demands of the aFRR product, compared to 

the mFRR one. All TSO demands are considered to be inelastic, due to the proximity of the aFRR timeframe 

with the real time and the fact that TSOs should always be inclined to regulate the FRCE in their LFC area 

towards zero. 

 Definition of relevant timeframes 

General process of the aFRR platform identifies the following three GCTs and time constraints for the 
operation: 

- BSP ς TSO GCT: GCT is only relevant for the BSPs and the TSO in their bidding zone. Before the 
deadline of 25 minutes before the start of the product, BSPs have to submit energy balancing 
bids to their TSO. From the gate opening time until the GCT, the BSP can update, change and 
resubmit the bids. After the GCT, all bids are final and can only be excluded from the CMOL with 
the TSO intervention; 

- TSO ς Platform GCT: TSOs need to submit the BSP bids to the platform 10 minutes before the 
start of the product. At the same time, TSOs have to submit all of their demands to the platform, 
in the aFRP, the submission of demands to the platform is automatic; 

- CZC GCT: The CZC are first sent to the aFRR platform after the intraday. After each CZC allocation 
(i.e. cross-border mFRR activation) the CZC are updated. The CZC can be changed until the GCT 
of 10 minutes before the start of the product. 
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The harmonisation of above-mentioned timeframes is crucial to ensure a level playing field for all BSPs in 
different LFC areas. The deadline, 25 minutes before the start of delivery if required in order for TSOs to be 
able to perform the required technical processes and create local merit order lists. After the TSO GCT, the 
local merit order lists are sent to the platform, where they are merged into a CMOL. 

The timeframes are relevant for every cycle of optimisation and therefore are occurring almost continuously. 
The collection of the bids from BSPs to the TSOs is not the scope of the aFRR platform. 

¢ƘŜ ŀCww ǇƭŀǘŦƻǊƳΩǎ ǘƛƳŜŦǊŀƳŜǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ Figure 23 along with the ID and mFRR platform 
timeframes. 

 Cross-zonal capacity (CZC)  

In the previous subchapters about the CZC, namely, subchapter 3.2.2 (CZC in ID platform) and subchapter 
3.3.3 (CZC in mFRR platform) the CZC has been described in detail. The method for TSOs to publish the 
relevant CZC to the platform was described, as well as the required parameters that have to be included. The 
aFRR CZC differs in a way that the values will be provided on a near real time basis (before every control 
cycle), because the algorithm matching is near continuous. 

In case the neighbouring TSOs both submit the CZC on their border and the CZC does not match, the lower 
amount will be selected. 

The aFRR platform would require available CZC to use either for exchange of balancing energy or for 
imbalance netting process. Each participating TSO would be required to publish the available CZC, including 
all of its borders that are participating on the aFRR platform. CZC will be updated gradually, with its update 
frequency increasing the closer it gets to the real time operation. The gradual increase is planned to follow 
the following process, [22]: 

- Available CZC after ID market: The first CZC that are sent to the aFRR platform and serve as a 
basis for future updates are the intraday CZC. The intraday CZC can be sent directly from the ID 
platform or submitted by the TSOs to the aFRR platform; 

- Available CZC after the RR and mFRR activations: The available CZC are firstly updated after the 
earlier balancing processes (such as RR and mFRR markets). The CZC that is allocated earlier in 
the balancing process cannot me allocated later-on; some congestions could occur in the 
synchronous area. Except for some common usages of balancing reserve originating from sharing 
of reserves in the LFC block or between them, the CZC cannot be reserved activations later-on.  

- Certain updates or recalculations of the available CZC after the ID market: Due to remedial 
actions, updates of CZC could be submitted to the platform. Updates could be submitted at any 
time if CZC has been recalculated or used in any other way; 

- Additional security constraints: Additional restrictions of the available CZC could be published 
due to certain operational security considerations. The TSOs can request additional CZC 
restrictions to the aFRR borders, but the explanation of the limitations should be included. 
Operational restrictions could include unexpected flows within its own area due to some other 
power flows, congestions within the LFC area or events of an outages that reduce CZC. 

 Common Merit Order List (CMOL) 

In the previous chapter about the mFRR platform, namely, subchapter 3.3.5 the CMOL has been described in 
detail. For every control cycle (and for the shortest validity period) of the aFRP process, two CMOLs will be 
created, one for upward and the other for downward activation. The CMOLs will be sorted by price with the 
goal of activating the most economical bids first, [18]. 
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The requested activation of the balancing energy will not be limited by the amount of TSOs submitted bids. 
TSOs will be granted full access to the CMOL, meaning that a TSO would be able to activate higher amounts 
(all amount) of balancing energy from the CMOL. The benefits of full access include better regulation of the 
FRCE towards zero and restoration of system frequency. Even though the TSOs are will be granted full access 
to the CMOL, one of the constraints will still be the availability of CZC in case of cross-border activations. 
Having this in mind, TSOs would still be motivated to procure a certain amount of aFRR energy locally or to 
have it prepared as a fall-back method, [22]. 

In case the amount of TSO demand exceeds the amount of bids from the BSPs, access to the local merit order 
list will be prioritised for each TSO and for all submitted bids, as further presented in subchapter 3.4.6 about 
the AOF. The merged CMOLs also serve as an input to the optimisation of activated bids for the relevant set 
of demands. 

  

 Activation Optimisation Function (AOF) 

In the previous chapter about the mFRR platform, namely, subchapter 3.3.6 the AOF has been described in 
detail. In this subchapter, the inputs, objectives, constraints and outputs of the AOF will be presented. The 
aFRR platform is based on the TSO ς TSO exchange model, meaning that the AOF will only send out the results 
of the optimisation to the relevant TSO in the LFC area. The AOF will be triggered with a fixed interval. The 
time between one AOF trigger and the other should not exceed 10 seconds. The inputs should be updated 
between the two AOF triggers. 

INPUTS 

Due to the nature of the aFRR platform (near continuous), the inputs will have to be updated at every TSO 
control cycle within the LFC area (between 1 and 10 seconds). The latest available inputs will always try to be 
used for the optimisation, in order, to keep the algorithm as up to date as possible and therefore as relevant 
for the FRCE to move towards zero. The AOF requires the following three inputs in order to successfully 
optimise the operation of the aFRR platform, [22]: 

- Merged CMOLs: All bids in both directions (upward and downward) will be merged, including the 
availability list of the aFRR balancing energy bids, in case some bids are momentarily unavailable 
due to previous activations or expired validity period: 

- Available CZC: CZC will be updated throughout the operation of the aFRR platform. When 
approaching the real time, the update of CZC will be no longer possible. Available CZC will also 
present one of the constraints for the AOF; 

- TSO demands: {ƛƳƛƭŀǊƭȅ ǘƻ ǘƘŜ ƳCww ǇƭŀǘŦƻǊƳ !hCΩǎ ƛƴǇǳǘǎΣ ¢{h ŘŜƳŀƴŘǎ ŀǊŜ ǊŜquired for the 
optimisation of demands against bids and the creation of cross-border power flows. 

OBJECTIVES 

The AOF will try to satisfy the objectives based on priority rules. When the objective with higher rank is 
satisfied, and in case there are multiple variations that satisfy the higher rank objective, the next on rank 
objective will be taken into account. There are four objectives present in the operation of the AOF and all of 
them are briefly presented below, [18]: 

- Maximise satisfaction of the aFRR demand of individual LFC areas: The first objective is strongly 
dependent on controlling the FRCE towards zero. The TSOs will all be granted full access to the 
CMOL. As much aFRR bids should be activated as required to regulate the FRCE towards zero. 
Until all aFRR demands are satisfied, the objective is not fulfilled; 

- Minimise the volume of the selected standard aFRR balancing energy product bids: In case 
there are multiple instances of activation where all aFRR demands are satisfied, the next 
objective should be considered and netting of the aFRR demands should be taken into account. 
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Where possible and if not affecting the amount of satisfied demands, netting of the aFRR 
demands should take place. If the amount of satisfied demands is not affected, the objective is 
not satisfied until all of the aFRR demands are netted; 

- Maximise the economic surplus: The third objective is related to activating the most economic 
set of bids. Even the first objective will first use bids from the top of the CMOL, meaning that the 
most economical bids will be used first. In case all of the aFRR demands are satisfied and all of 
them are netted against each other, the cross-border flows and requested activations should be 
selected to minimise the costs of balancing; 

- Minimise the number of crossed borders and exchanged aFRR products: If all of the above 
objectives are satisfied, the operational security should be considered, meaning that the amount 
of exchanged cross-border aFRR products should be minimised. 

In case not all of the aFRR demands could be satisfied even if considering just the first objective, the TSOs are 
not granted full access to the CMOL anymore. The TSOs will have priority for their local bids compared to the 
rest of the TSOs. 

CONSTRAINTS 

The only constraint that will be submitted to the platform as an input is the available CZC. CZC is required for 
all forms of cross-border activations and imbalance netting. In addition to the CZC availability, the AOF should 
take into consideration the sum of activated bids, satisfied demands and cross-border exchanges. The sum 
should be equal to zero for every LFC area.  

OUTPUTS 

The following outputs will be sent from the AOF to the relevant LFC areas of the TSOs, [18]: 

- The aFRR power exchange between the TSO borders: This AOF output could be used as an input 
to the local FRCE adjustment process in every LFC area. In the output, all of the cross-border 
power exchanges will be captured. The output will consist of setpoints for different BSP units. 

For the TSO ς TSO settlement purposes, a list of activated balancing energy bids should be stored, as well as 
the cross-border volumes and cross-border marginal prices for each area without a congestion. 

 

In the Table 11, the process of the AOF is summarised. The inputs needed for a successful operation of the 
AOF, objectives of ǘƘŜ !hCΩǎ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ƛǘǎ ŎƻƴǎǘǊŀƛƴǘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƴŜȄǘ ǘƻ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǎuccessful 
cycle of the optimisation. 
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Inputs Objectives Constraints Results of the optimisation 

Merged 
upward/downward 
CMOLs (Balancing 
energy bids) 

1. Maximise the 
amount of satisfied 
aFRR demands, with 
aFRR activations 

Available CZC List of activated balancing 
energy bids 

Available CZC 2. Minimize the 
volume of activated 
aFRR balancing energy 
bids 

The sum of activated 
bids, satisfied 
demands, cross-border 
exchanges is zero (for 
every LFC area) 

Cross-border volumes and 
cross-border marginal 
prices for the balancing 
energy resulting from 
activation of bids 

Demands from the TSOs 
(activation requests for 
balancing energy bids) 

3. Maximise the 
welfare for a given set 
of bids and demands 

 Used CZC for each border  

 4. Minimize the 
amount of aFRR power 
exchange on each 
border between 
bidding zones (LFC 
areas) 

  

Table 11Υ LƴǇǳǘǎΣ ƻōƧŜŎǘƛǾŜǎΣ ŎƻƴǎǘǊŀƛƴǘǎ ŀƴŘ ƻǳǘǇǳǘǎ ŦǊƻƳ ǘƘŜ ŀCww ǇƭŀǘŦƻǊƳΩǎ !hC 

All demands are considered to be divisible. In case the balancing energy demands are higher than the 
balancing energy bids and the bids are unable to satisfy all demands, the demands of all TSOs will be lowered 
on a pro-rata basis. The TSOs that have provided the aFRR platform with more balancing energy bids than 
demands will have all of their demands satisfied in full. The TSOs that have provided the aFRR platform with 
more balancing energy demands that bids, will have only partially satisfied demands.  

 Cross-border marginal pricing 

In the previous chapter about the mFRR platform, namely, subchapter 3.3.7 the cross-border marginal pricing 
has been described in detail with examples for different situations that could arise. All of the principles 
introduced in that chapter will remain the same for the aFRR platform and therefore, they will not be 
repeated. The cross-border marginal price will be calculated for every uncongested area. The cross-border 
marginal price will serve as an input to the TSO ς TSO settlement and TSO ς BSP settlement. 

 Measurement of energies within aFRP 

 Brief description and main functionalities 

Herewith are presented the main principles for measuring the energy used in the active frequency-power 
secondary regulation (aFRR) by its components: 

- UPAFR - "Balancing Energy for upward aFRR"; 

- DWAFR - Ϧ.ŀƭŀƴŎƛƴƎ 9ƴŜǊƎȅ ŦƻǊ ŘƻǿƴǿŀǊŘ ŀCwwέ. 

The main idea in the proposed solution is based on the measurement of energy using one-minute load 
profiles, recorded in metrology meters, to measure the energy used in the aFRP frequency-power control (f-
P). Increased accuracy and metrology principles will increase BSPΩs confidence, improving fairness and 
transparency in the measurement of these services, following a transparent competition that will lead to the 
development and maturity of the balancing market and, implicitly, to increased consumer safety. 
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3.5.1.1 From aFRR active power reserve, to balancing energies under aFRP 

Within the technological ancillary services, the most important ones are those related to the "Active Power 
Reserves", which distinguish the "aFRR of Active Power", by its parameters "aFRR Regulation Band" (BRS) and 
"Halfband Regulation". 

This proposed solution deals with methods for determining UPAFR - "Balancing Energy for upward aFRR" and 
DWAFR- "Balancing Energy for downward aFRR" used for aFRP. 

The following issues are presented in this proposed application: 

- The possibility to use as low as possible (in our case the one-minute load profiles) baseline energy 
meter for measuring UPAFR and DWAFR in aFRP; 

- The ability to define and monitor the quality of service provided (aFRP) using the metrological 
devices (energy meters). 

The Figure 15 represents an operating case for an assumed generator considered to supply balancing 
energies. As a general approach, we consider that this generator is available to provide both mFRR and aFRR. 
It is visible that within first 15 minutes, the generator is operating around the Pop(T1) level of 80MW. Then 
the generator receives a dispatch order for mFRR mobilisation and at minute 15 is moving to another 
operating position with Pop(T2) at 100MW. In both cases, the generator also receives regulating impulses for 
aFRR and its generation goes upward and downward around Pop. The generator is injecting upward and 
downward active energy (UPAFR and DWAFR) with a dedicated band for aFRP adjustment f-P, aFRP = 60 MW, 
and these energies above Pop and below Pop are subsequently aggregated for determination of the activated 
energies. The real generated active power Pnet evolves within the range of aFRP based on ordered value 
(Pcons), for each moment during each 1 hour dispatch interval (1 hour is our case example but dispatch interval 
can be also 15 min or 30 min). All areas above Pop (T) are integrated to calculate UPAFR within the dispatch 
interval and correspond to the sum of A02 + A04 + A06 + A08 + A10. Accordingly, all areas below Pop (T) are 
integrated for DWAFR calculation over the same dispatch interval and correspond to the sum A01 + A03 + 
A05 + A7 + A09. 



 

 

 

D10.2: Novel balancing and wholesale electricity market design 51 

 

CROSS BOrder management of variable renewable energies 
and storage units enabling a transnational Wholesale market 

 

 

Figure 15: Examples of measurement of aFRP control services 

 

Within the aFRP control service, the following values are measured: 

- The adjustment band (ancillary service as reserve of active power) made available by the BSP 
over the given time period, which is the integral over time of the available adjustment range. For 
a constant value of regulation band within the given time interval, the quantity of "regulating 
band" is equal to the area of the rectangle surface Power band x Time and is measured in hMW 
(we will use this equivalent measurement unit to avoid confusion with the real energy produced 
for balancing). Thus, a 24MW band provided for a full hour would produce 24 x 1h = 24 hMW. 

- The energies generated during the aFRP, separated for the upward and downward around Pop, 
i.e. UPAFR and DWAFR, (Figure 15). The point of operation of the generator Pop is determined by 
the Approved Notified Power (Pna) and Dispatcher Order (DD) as follows: Pop (T) = Pna (T) + DD (T). 
Beside this, the regulating impulse is ordering upward or downward energies. 

 General process of the aFRP energies measurement 

3.5.2.1 Measuring energy on the balancing market - the current method. 

According to the Commercial Code (i.e. Romanian), the measurement of the energies mobilized for aFRP in 
the balancing market is centralized in the EMS/SCADA system, actually measuring the "demand for energy" 
(control order). See Figure 16 . At European level, the measurement of the energies mobilized in the balancing 
market can be done both by measuring the "order for balancing energy" or by measuring the "actually 
delivered balancing energy". 
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Figure 16: Exchange of data between TSO, Balancing Market and Dispatch Unit for Measurement by EMS/SCADA 

Real-time automated calculation is performed by the central frequency-power aFRR control (by EMS-SCADA 
- AGC (Automatic Generation Control)) for each dispatched unit operating in aFRR control, simultaneously 
with the issuing of the Adjustment. In Figure 17 shows the variation curves of: regulating order, ordered 
generator output, real generator output (best that could be obtained) and associated regulating power in 
upward and downward directions: 

 

Figure 17: Power values in the aFRR control f-P 

In Figure 17 the errors introduced by the balancing energy measurement method can be sensed by 
"integrating the control order" (green curve) instead of measuring the real produced energies (violet curve), 
the error level being proportional to the areas between the green curve and the violet curve. 

3.5.2.2 Measuring energy on the balancing market - the proposed method. 

The proposed solution configuration to measure energies within aFRP is based on the usage of a metrological 
meter with one-minute profiles and one associated SW platform. 

 
































































































































































































































