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Abbreviations 
Acronym Term 

 
Acronym Term 

ACE 
Area Control Error  

( Frequency Restoration Control Error)  
GL Guideline 

aFRP Automatic frequency restoration process 
 

GSK Generation Shift Key 

aFRR Automatic frequency restoration reserve 
 

HPP Hydro Power Plant 

AGC Automated Generation Control 
 

ID Intra-day 

AMF Available Maximum Flow 
 

IN Imbalance Netting 

ANF Already Nominated Flow 
 

IP Imbalance Price 

ATC Available Transfer Capacity 
 

IS Imbalance Settlement  

BFL Base Flow 
 

ISP Imbalance Settlement Period 

BRP Balance Responsible Party  
 

IT Information Technologies 

BSP Balancing Service Provider 
 

JAO Joint Allocation Office 

BSG Balancing Stakeholder Group  KPI Key performance indicators 

C&I Commercial and industrial 
 

LFC Load-frequency control  

CACM 
Capacity Allocation and Congestion 
Management  

LFCR 
Load-frequency Control & 
Reserve 

CAF Common Activation Function 
 

MC Market Coupling 

CB Critical Branch 
 

MCP Market Clearing price 

CEE Central-East Europe 
 

mFRR 
Manual Frequency Restoration 
Reserves  

CGM Common grid model 
 

MOL Merit Order List 

CMO Common Merit Order 
 

MP Marginal Price 

CMOL Common Merit Order List 
 

MRC Multi-Regional Coupling 

CO Critical Outage 
 

MW Megawatt 

CoBA Coordinated Balancing Area 
 

MWh Megawatt-hour 

CWE Central-West Europe 
 

NC Network Code 

CZC Cross Zonal Capacity 
 

NPP Nuclear Power Plant 

D-1 Day-ahead 
 

NRA National Regulatory Authority 

D-2 Two-days ahead 
 

NTC Net Transfer Capacity 

DG Distributed generation 
 

OH 
Continental Europe Operation 
Handbook 

DR Demand response 
 

OL Open Loop 

DSM Demand side management 
 

OPF Optimal Power Flow 

EA Explicit Auction 
 

PFC Power Flow Colouring 

EB Electricity Balancing 
 

PFD Power Flow Decomposition 

EC European Commission 
 

PI Proportional-Integral 

ENTSO-E 
European Network of Transmission System 
Operators for Electricity  

PTDF 
Power Transfer Distribution 
Factors 

EU European Union 
 

RAM Remaining Available Margin 

FAT Full Activation Time 
 

RES Renewable energy sources 

FB Flow-based 
 

RR Replacement Reserves 

FCFS First come - first served 
 

RSCI 
Regional Security Coordination 
Initiative 
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FCR Frequency Containment Reserves  
 

SEE South-East Europe 

FF FutureFlow 
 

SHB 
Slovenia-Croatia-BiH (Control 
block) 

Fmax Maximum Flow 
 

SO, SysOp System Operation 

FRCE 
Frequency Restoration Control Error ( Area 
Control Error) 

SO, SysOp TMF 

Fref Reference Flow 
 

TPP Thermal Power Plant 

FRM Flow Reliability Margin 
 

TSC TSO Security Cooperation 

FRP Frequency Restoration Process 
 

TSO Transmission system operator 

FRR Frequency Restoration Reserves  
 

WP Work Package 

GCC Grid Control Cooperation 
 

XB Cross-Border 

GCT Gate Closure Time  
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Summary and conclusions  

GENERAL 

• The FutureFlow target model is provided herein, describing the concept of aFRR energy 

exchange among the countries, with limited transmission capacity available for such 

exchange. It provides the algorithm of the common activation and optimisation function 

suited to the aforementioned concept. 

• The target model of FutureFlow redispatching mechanism is provided, decoupled from 

the aFRR concept; redispatching concept includes the algorithm of the redispatching 

common optimisation, and related concept of the costs share, based on the analyses of 

the power flows. 

• Both concepts (aFRR energy exchange and Redispatching) are exercised on the basis of 

the markets of the countries involved in the FutureFlow project (Austria, Hungary, 

Romania, Slovenia), however these concepts are suited to be as much as possible 

universal within the scope of European electricity markets, and thus replicable to other 

countries and regions.  

• The four involved countries are different in size of electricity markets, generation 

portfolio, and the aFRR and redispatching markets organisation, so they should provide 

sufficient level of diversity to exercise and develop the FutureFlow concepts which are 

general enough. 

BALANCING 

• One of the main tasks of FutureFlow project is to design the feasible target model for the 

exchange of aFRR balancing energy, by defining the proper configuration and correlation 

among the national balancing markets and practices, its pan-regional integration, taking 

into account cross-border transmission constraints and the operation of commercial 

markets.  

• FF Target Model design has to provide innovation in the field of balancing, be in line with 

the EU Target Model (mainly defined by Guideline on Electricity Balancing (EB GL) and 

Guideline on electricity transmission system operation (SO GL)), and at the same time be 

secure, sustainable, replicable and applicable in the situations of congested borders. 

• Since the draft EB GL clearly defines TSO-TSO as the standard and target model for the 

exchange of balancing services. For the FutureFlow also the TSO-TSO model is 

recommended. 

• The process of aFRR energy exchange is divided in the main phases: Prequalification, 

Bidding, Activation, Exchange and Settlement. 

• The main issue in defining the standard product for aFRR energy exchange is the Full 

Activation Time (FAT), currently being different among Austria (5 min) and other three 

countries (15 min), Options are either to define the single, standard FAT per all countries, 

or to explore the possibility for the combined usage of standard, universally applicable 
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bids (5 min), and specific bids (e.g. 15 min), applicable (allowed) only by certain 

countries. Second option obviously requires detailed analyses of possibilities and 

reasonableness to implement such complex CAF algorithm. 

• Working assumption is that the product resolution (bids validity) is to be set in the 

timeframe 1-4 hours; among that, when single resolution is to be selected, it would be 1 

hour. Shorter times would be too close to the Full Activation Times (5-15 min), while 

longer times (e.g. peak/off-peak) would not be in favour of DR/DG energy providers, 

which are under special focus of FutureFlow project, and which nature requires rather 

shorter availability time. 

• FutureFlow proposed procurement procedure envisages separate procurement of aFRR 

balancing capacity and balancing energy; aFRR energy is in the main focus of the 

FutureFlow project. 

• One of the feasible patterns of the procurement, is combined bidding for aFRR balancing 

capacity and energy, where the national required level of reserve would be selected 

based on capacity prices; these bids would automatically be transferred to the CMOL for 

aFRR energy (with separate respective price for energy), along with additional energy-

only bids. 

• Since EB GL defines Common Merit Order as the target model, Merit Order activation is 

adopted for the FutureFlow also. Merit Order activation still considers portfolio-based 

activation inside bidder entities. 

• Typically in Europe, merit order activation is combined with the stepwise control signal, 

opposed to the continuous control signal. Hungary is one of the exceptions, currently 

applying merit order activation and continuous control signal. 

• Under the CAF design, two main options are being considered: the first one is based on 

control demand (i.e. open loop deviation of control area), while the other is based on 

control target or control request (i.e. ramp rate limited/unlimited output of aFRR 

controller).  

• The Option 1 (integration based on control demand) advantages are: relatively easy local 

integration, as-well as the self-sustainability in sense of relatively easy fallback to local 

control. Its drawbacks are: apparent worsening of ACE in area taking over the imbalance; 

the fact that different balancing energy volumes are settled between CAF and TSOs 

(connecting TSO and requesting TSO) and between connecting TSO and its BSPs; 

inability of this integration approach to support use of specific aFRR products. 

• The Option 2 (integration based on control target/request) advantages are: the same 

volumes are activated between CAF and TSO and between connecting TSO and its local 

aFRR units as CAF activated power is directly distributed to aFRR units; demand signals 

are expected to be less volatile then at Option 1. The main downside of this approach is 

that the output of local controller’s distribution function isn’t connected to signal 

forwarding function anymore, and the fallback to the national control mechanism is not 

easy. 
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• Both options will be analysed, modelled and simulated within the next phase of the 

FutureFlow project. The mathematical model and the simulations will consider: 

integration Options 1/2; ATC-based and Flow-based constraints; standard, and 

standard&specific bids (for Option 2 only). 

• Common proposal for FutureFlow target model is Imbalance Settlement Period (ISP) of 

15 minutes, which also represents a recommendation from the ACER. 

• Each TSO will settle the activated aFRR balancing energy with the bidders whose 

technical units providing aFRR balancing energy are connected at the TSO’s control area, 

independently where a certain volume of control energy is requested (i.e. “connecting 

TSO” principle). 

• Current working assumption within the FutureFlow market design is implementation of 

marginal pricing, as the alternative to pay-as-bid pricing. This proposal is in line with EB 

GL recommendation and it incentivises higher level of participation for DRs & DGs. 

• The existence of free Cross-Zonal Capacity is the essential prerequisite for aFRR 

exchange; only in periods (hours) when certain portion of CZC is available, the Imbalance 

Netting and/or aFRR exchange based on Common Merit Order list can take place.  

• At the same time, FutureFlow concept of aFRR energy exchange is proposed in a way to 

ensure (i.e. to leave) the self-sustainability of aFRR control at national level: exchange of 

aFRR will be realised in periods when there is an available CZC; when no possibility 

 

• On the basis of year/month/day-ahead allocations at the concerned borders and 

directions, it can be seen that at certain directions (AT->HU, AT->SI, RO->HU) rather 

heavy congestions are regularly present.  

• At the after-intraday time horizon, substantial capacity stays even in the previously 

congested directions. The main reasons are that after the day-ahead nominations of 

transmission capacities, not all allocated capacity is being nominated; after the 

nominations, the netting of counter-transactions is possible, and it is being applied - 

which relieves some portion of the capacity.  

• The needs for potential reservation of additional CZC at some profiles (which would 

increase the total welfare), will be analysed during the next year of the FutureFlow 

project. 

• FutureFlow will involve both ATC-based and Flow-based CZC definitions in the CAF 

algorithm; while ATCs remaining after the intra-day can be extracted from the actual 

NTC values at involved borders, Flow-based parameters (PTDF/RAM) can be recalculated 

for each observed period, on the basis of Intra-day network models. 

REDISPATCHING 

• The FutureFlow redispatching concept includes the co-optimization of technical 

(sensitivity factors based on network locations) and economic criteria (redispatch bid 

price) for the selection and application of Redispatching actions to solve the network 
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congestions, seeking for the potential of DR/DG units to participate at Redispatching 

(and required additional information, such as network locations of DR/DG), as well as the 

cost allocation and cost sharing principles of Redispatching among the TSOs, including 

the determination of the amounts and the origins of unscheduled flows in case 

congestion happens.  

• The first part of redispatching concept provides an optimal redispatching action and 

gives the information on redispatching costs of each TSOs involved in these actions. 

Based on the network information location and size of the congestion (calculated on the 

basis of nodal injections and PTDF factors), the information from the redispatching 

bidding list, the objective function considers upward/downward bids (with the amount 

and the price) located at particular nodes, and finds the solution that provides minimum 

of redispatching costs. 

• The second part of the redispatching concept, herein defined as the "Power Flow 

Colouring" method, based on decomposing power flows into its components (loop 

flows/internal flows and exchange flows/transit flows), determines which TSO and in 

what amount caused congestion on a certain line that eventually led to redispatching. 

This way it is possible to apply cost-share principle on total flow deviation (difference 

between total flows from the last model which required redispatching and the previous 

forecast model which satisfied security criteria), i.e. determine responsibility of each 

TSO for unscheduled flows on a congested line. 
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1 Introduction 

This document mainly deals with target models of the concept of aFRR energy exchange among 

the control zones (countries), with scarce transmission capacity that is available for such exchange. 

It provides the algorithm of the common activation and optimisation function suited to the 

aforementioned concept. 

Document also deals with decoupled target model of redispatching mechanism, including the 

algorithm of the redispatching common optimisation, and related concept of the costs share, 

based on the analyses of the power flows. 

Both aFRR energy exchange and Redispatching concepts are exercised on the basis of the markets 

of the countries involved in the FutureFlow project (Austria, Hungary, Romania, Slovenia), however 

these concepts are suited to be as much as possible universal within the scope of European 

electricity markets, and thus replicable to other countries and regions. 

  

1.1 Document organisation 

The document is organised through the following key chapters: 

 Summary, Conclusions and Introduction give condensed overview of the work described in 

the document, and the key findings 

 Chapter 2 provides current state of balancing and redispatching markets in the four 

countries being part of the FutureFlow project 

 Chapter 3 provides the target model of FutureFlow aFRR energy exchange mechanism, 

with its key technical and market aspects, and including the Common Activation Function 

design and algorithm 

 Chapter 4 deals with the current congestions, available cross-zonal capacities and ways 

how to ensure it for the aFRR exchange, covering both ATC-based and Flow-based 

principles 

 Chapter 5 deals with the redispatching mechanism, being decoupled from the aFRR one; it 

provides the concept and the algorithm of the function for resolving the congestions via 

redispatching, as well as the concept of the cost distribution for redispatching services 

among the TSOs 

 Annex 1 provides the survey of DR/DG flexibility versus Full Activation Time for aFRR, 

within the concerned countries 

 

1.2 Relation to other tasks and work packages 

This deliverable is related to the work being done within Tasks 1.2. and 1.3 of the WP1.  

 It correlates with the Task 1.1 and D1.1 with the DR&DG participation requirements, i.e. its 
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2 Current state at balancing and redispatching markets  
 

This chapter describes a current state of the art at balancing and redispatching markets, 

respectively for each individual TSO involved in the FutureFlow Project. A main attention is given 

to the description of market settings which shall be further used and addressed later on in the 

document when cornerstones of processes and common activation function (CAF) developed 

under the FutureFlow Project shall be defined, namely balancing and redispatching processes, 

technical characteristics, cross-border capacity allocation and any relevant plans for future 

development. Since the main focus of the FutureFlow project is on aFRR (to some extent also 

mFRR) processes and redispatching, FCR and RR processes are not further addressed in the report. 

 

2.1 Slovenia 

2.1.1 SLO: Balancing process 

The balancing process for aFRR and mFRR at ELES consists of the following steps: 

1. Balancing capacity dimensioning, 

2. Procurement of balancing capacity, 

3. Activation of balancing energy,  

4. Monitoring of provided balancing services/energy 

5. Settlement of balancing energy between TSO and BSPs 

6. Imbalance settlement and cost recovery 

Ad 1: Balancing capacity dimensioning 

Balancing capacity dimensioning is done for each balancing process separately. 

Dimensioning of aFRR is based on ENTSO-E rules (OH, LFCR NC) where both, empiric 

formula and historical upward and downward imbalances are used. Almost the same results 

± 60 MW of aFRR are obtained regardless which method is used.  

Dimensioning of mFRR is done according to the loss of the largest production/demand unit 

based in the control area of ELES. The two upward and downward mFRR limiting units are 

696 MW and/or 553 MW of generation and 185 MW of load, respectively used for 

procurement of positive and negative balancing capacity. 

In principle, one standard deviation in historical imbalance distribution should be covered by 

aFRR, the rest is covered by mFRR when splitting between aFRR and mFRR based on ACE is 

used. 

Ad 2: Procurement of balancing capacity 

All BSP offering both aFRR and mFRR services must be pre-qualified and equipped with 

appropriate communication and measuring equipment. Both aFRR and mFRR capacity is 
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procured via bilateral negotiations directly with BSPs. Procurement cycle (distance to real 

time) as well as procurement resolution for capacity, are one year or more where implicit 

bids are used. Products resolution for energy is one hour. Price caps are set for capacity 

reservation, while there are no price caps and/or floors for balancing energy. Yearly 

procurement cycle is applied due to lack of competition, since all available and needed aFRR 

capacity (symmetric products in the amount of ±60 MW in total are provided by two BSPs) is 

procured by the TSO, while for mFRR only 384 MW of needed positive capacity is procured 

by the TSO (provided by existing five BSPs including two DSM providers), which amounts 

one half of biggest generating unit in control area of ELES. The remaining half is, according 

to interstate agreement between Slovenia and Croatia, provided by Croatian utility HEP, 

since they own half of the NPP Krško. The remaining needed mFRR capacity up to the 

second biggest loss of generation (553 MW) is fulfilled by sharing the reserve within a control 

block SHB and by a bilateral contract with TERNA. 

In addition, defined by the law, ELES needs to procure all within Slovenia available balancing 

capacity. In case that is not sufficient to cover all the needs, ELES may procure it outside of 

Slovenia.  

Current BSP are only generators and pumps or generators and load respectively for aFRR 

and mFRR, where aggregation is allowed to fulfil criterion regarding the minimal bid size 

which is 1 MW. 

Ad 3: Activation of balancing energy 

Activation of aFRR and mFRR balancing energy is currently done only from pre-contracted 

BSPs, however in Slovenia no law is imposing that balancing energy bids only from pre-

contracted sources could be used by TSO. BSPs are allowed to offering balancing energy 

from non-pre-contracted sources as long as they are pre-qualified and appropriate technical 

equipment/systems would be installed both at BRPs and at ELES side. In principle, a self-

dispatch portfolio-based activation process is implemented with some specificities for aFRR 

where biggest thermal units receive control signal directly from ELES, while some run-of-

river hydro units receive a control signal indirectly. Dispatch between them in real time is 

done by BSP. Activation cycle for set point is 2s. For aFRR proportional (pro-rata) continuous 

activation is applied, while for mFRR a modified merit order list is used. A modification is 

needed due to specificities of demand response product included in the mFRR portfolio. 

Currently, ELES is a member of “Imbalance Netting Cooperation” (INC) that has been put 

successfully into operation between APG and the Slovenian TSO ELES in 2013. Recently 

(April 2016), Croatian TSO HOPS joined the INC which now counts 3 members. 

Ad4: Monitoring of provided balancing services 

Monitoring is done in real time and ex post. 

Ad 5: Settlement of balancing energy between TSO and BSPs 

Settlement of balancing energy between TSO and BSPs is based on pay-as-bid principle 

where delivered energy is settled according to metered response for aFRR and according to 

requested response for mFRR. Hourly resolution is used for settlement, although all BSPs 
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(including DSM) are equipped with measuring equipment capable of processing results in 15-

minute resolution. 

Ad6: Imbalance settlement and cost recovery 

Cost recovery is organised through network tariff for capacity procurement costs and via 

BRPs for balancing energy costs. For imbalance settlement where hourly resolution is used 

market operator is responsible. Dual pricing where main influencing factors are average 

balancing energy costs both for positive and negative direction is used. In case of no 

balancing energy is activated in a certain direction, day-ahead energy price is used for 

determination of imbalance price. In addition, some mark-ups in a form of fixed and variable 

prices are added/subtracted to the price of balancing energy. 

Financial neutrality of a TSO is not guaranteed, since according to NRA decision portion of 

incomes resulting from imbalance netting are retained/paid by TSO and not directly settled 

with BRPs. 

2.1.2 SLO: Additional technical characteristics of a controller and products 

Requirements regarding the response time both for aFRR and mFRR providers are defined 

based on ENTSO-E requirements, e.g. 15-minute full activation time for mFRR and first 

response time and minimum ramp rate for aFRR. A PI controller delivers a global set point 

which is distributed among contracted units according to the size of actual reserve and 

provided ramping capabilities. 

2.1.3 SLO: Cross-border capacity allocation and congestions 

For the FutureFlow project Austrian-Slovenian border is relevant. Here yearly and monthly 

explicit auctions performed by Joint Allocation Office (JAO) are applied. Explicit day-ahead 

auctions had been also performed by JAO until July 21, when implicit auctions started. In the 

intra-day time frame first-come-first-served principle is applied.   

2.1.4 SLO: Redispatching process 

Slovenian internal transmission grid is considered as a copper plate where internal 

congestions accrue very rarely, once a year. This is also the reason why ELES currently does 

not have bilateral redispatching contract with internal power plants, but uses mFRR bids, 

topological changes or other non-costly remedial actions, e.g. phase shifter, to solve the 

congestions. However, since ELES is a member of regional security coordination initiative 

(RSCI) TSCNET where requests for bilateral or multilateral redispatching are more often, e.g. 

few times a year and up to 10 times a year respectively, ELES is considering concluding a 

bilateral contract with power plants located in our control area. 

In case a request for bilateral or multilateral redispatching is received by ELES, an inquirer is 

sent out to generators asking for the available location, amount and price of power/energy. 

This data is than shared with requester(s) where both technical and economic criteria is used 

to decide which power plants shall be redispatched.  
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2.2 Hungary 

2.2.1 HU: Balancing process 

The entire process of balancing at MAVIR consists of six main steps: 

1. Balancing capacity dimensioning, 

2. Procurement of balancing capacity, 

3. Activation of balancing energy,  

4. Monitoring of provided balancing services/energy 

5. Settlement of balancing energy between TSO and BSPs 

6. Imbalance settlement and cost recovery 

2.2.2 HU: aFRR capacity 

Balancing capacity dimensioning 

Balancing capacity dimensioning is done for each balancing process separately. 

Dimensioning of secondary and tertiary control reserve (aFRR and RR) is based on ENTSO-E 

rules (Operation Handbook). In case of secondary control reserve dimensioning, both 

empiric formula and historical upward and downward imbalances are used. Furthermore, 

there is an additional parameter used in case of upward direction, which results in +248 MW 

and -128 MW (approximate values).  

In case of tertiary control reserve dimensioning, the loss of the largest production/demand 

unit and secondary control reserve replacement function in the control area of MAVIR is 

considered. The size of the largest unit is 500 MW, causing a 500 MW upward tertiary control 

reserve need, in downward direction the requested amount is equal to the secondary control 

reserve in downward direction, 128 MW.  These amounts are the main input for procurement 

of positive and negative directed balancing capacity. 

Procurement of balancing capacity 

The main technical condition of becoming a Balancing Service Provider (BSP) is to succeed in 

prequalification, which is a predefined accreditation procedure (including also 

communication, interoperability, measurement). 

For BSPs it is mandatory to offer all the balancing services to the TSO. Every balancing 

service is procured through tendering procedures. Procurement procedure (“long-term 

procurement”) can be quarter-yearly, monthly and weekly, which conclude in framework 

agreements. These agreements can be a so-called market maker contract and optional 

contract. The first one contains a two-party obligation regarding the balancing capacity 

availability, the second one contains the framework of balancing services based on the 

mandatory provision. Both of these contracts are the basis of the daily bidding (distance to 

real-time) procedure, which is the timeframe for every BSP to offer their balancing services 

in bids (including balancing capacity, ramp rate, availability fee and balancing energy price). 

Upward and downward direction of balancing reserves in case of secondary and tertiary 
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control reserve (aFRR and RR) are separate products. In case of long term procurement, 

working days and weekends (quarter-yearly) or working days high-tariff, working days low-

tariff and weekends (weekly) product resolution is applied. In case of daily bidding, product 

resolution is one hour for both balancing capacity and balancing energy bids. The minimum 

bid size is 1 MW and the product resolution for daily bidding is also 1 MW. Since during long 

term procurement there are auctions applied, there are price caps and floors for availability 

fee of balancing capacity and there are price caps for price of balancing energy.  

BSPs of these balancing services are generator, load, which can provide the balancing 

services individually or in aggregated (for instance virtual power plant) way.  

The following table represents average balancing capacity procurement prices for aFRR and 

RR separately for upward and downward direction in years 2014 and 2015. 

Table 1: Prices of balancing capacity procured for aFRR and RR. 

Market results - avg. price 
for provision of balancing 
services 

2014 2015 

upward downward upward downward 

aFRR capacity 
[EUR/MW/h] 

13 14 12 15 

RR capacity [EUR/MW/h] 10 NAP 9 NAP 

 

2.2.3 HU: aFRR energy 

Activation of balancing energy 

Since daily bidding enables every BSP to provide their bids, the activation of both secondary 

and tertiary control reserves (aFRR and RR) is in accordance with the balancing energy price 

based merit order list. In the Hungarian system there is no limitation applied for membership 

of merit order list, every BSP, which have the ability and capability to provide balancing 

services for any period of time during the business day is considered. In other words, not only 

the reserved balancing capacity can be activated, but every available MW.  

From April 2013, MAVIR is involved in regional cooperation of real-time imbalance netting 

procedure with Czech and Slovakian TSOs (CEPS and SEPS). It allows avoiding (minimizing 

as much as possible) the simultaneous activation of reserves in opposite directions, taking 

into account the respective situation of each control area and by correcting it. 

Monitoring of provided balancing services 

Monitoring of availability and activation of balancing services is done both in real time and ex 

post. 

Requirements regarding the response time both for aFRR and mFRR providers are defined 

based on ENTSO-E requirements, e.g. 15-minute full activation time, response time and 

minimum ramp rate for aFRR.  
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Settlement of balancing energy between TSO and BSPs 

Settlement of activated balancing energy is done in 15 minute resolution and based on pay-

as-bid principle.  

From the aspect of total activated balancing energy, most of it is coming from secondary 

control reserve (aFRR) activation, by the year there is an increasing share of imbalance 

netting based energy. The following table represents the average balancing energy prices of 

MAVIR. 

Table 2: Average prices of activated balancing energy  for aFRR and RR. 

Market results - avg. price of 
balancing energy 

2014 2015 

upward downward upward downward 

aFRR energy (activated) 
[EUR/MW/h] 102 7 140 37 

RR energy (activated) 
[EUR/MWh] 159 40 256 - 

 

Imbalance settlement and cost recovery 

Based on balancing energy settlement, there is imbalance settlement applied for those 

Balance Responsible Parties (BRPs), which were not in balanced position in the respective 

quarter of hour, which is the imbalance settlement period as time unit. For imbalance 

settlement there is dual pricing applied, where dual means, depending on the final position 

of the BRP, the applied imbalance settlement price is different.  By using dual pricing 

mechanism,  the main influencing factors are average balancing energy price, both for 

positive and negative direction, and day-ahead market price is used for determination of 

imbalance price (the last one is applied in case of no balancing energy settlement in a certain 

direction or in case the balancing energy price is lower). In addition, some mark-ups in a form 

of variable components are applied in order to effectively incentivise the BRPs. 

From the aspect of covering the costs of balancing capacity payment, there is tariff system 

applied. 

The following table represents the average imbalance price payed by BRPs. 

Table 3: Average imbalance prices payed by BSPs 

Market results  2014 2015 

upward downward upward downward 

Average imbalance settlement price 
[EUR/MWh] 

70 16 77 6 
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2.2.4 HU: Cross-border capacity allocation and congestions 

For the FutureFlow project Austrian-Hungarian and Romanian-Hungarian borders are 

relevant. There are yearly, monthly, daily and intraday auctions performed on these borders. 

On day-ahead level the Romanian-Hungarian border is involved in 4M Market-coupling 

including Czech, Slovakian, Hungarian and Romanian markets. In the intra-day time frame 

first-come-first-served principle is applied on both borders. 

2.2.5  HU: Redispatching process 

The Hungarian internal transmission grid is considered as a copper plate where internal 

congestions occur very rarely. Based on the currently existing market design, the framework 

agreement in between BSPs and TSO includes the redispatch services as well. MAVIR uses 

both non-costly (topological) and costly (redispatch) measures as remedial actions. Costly 

measures are only exceptional according to the current practice. Redispatching under 

TSCNET umbrella can be applied only in case more than 2 TSOs from the different countries 

are involved in activation. Those measures are therefore multilateral and used only as a last 

resort (means that internal and bilateral measures between TSOs with the limiting network 

elements are not available to solve security violation). MAVIR is generally not a requester of 

these multilateral remedial actions.  

2.3 Romania 

2.3.1 RO: Balancing process 

The balancing process for aFRR and mFRR at Transelectrica consists of the following steps: 

1. Balancing capacity dimensioning, 

2. Procurement of balancing capacity, 

3. Activation of balancing energy,  

4. Monitoring of provided balancing services/energy 

5. Settlement of balancing energy between TSO and BSPs 

6. Imbalance settlement and cost recovery 

Ad 1: Balancing capacity dimensioning 

Balancing capacity dimensioning is done for each balancing process separately (aFRR, mFRR 

and RR). The dimensioning process of aFRR is based on ENTSO-E Operational Handbook 

recommendations (empiric formula), and takes into consideration the variation rates of 

internal production and consumption, scheduled exchanges and the type of regulation 

generating units. ENTSO-E provides the need to increase aFRR reserve in intervals with high 

variations of production/consumption, or export. 

Based on the above criteria and taking into account the specific features of the National 

Power System, the consumption variations between peak and off-peak hours, the 

performances of the generators speed controllers and the experience in operating the power 
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system, the minimum aFRR capacity band for peak hours established is 500 MW and 400 

MW for off-peak hours. For aFRR, the capacity is centered on the base line of generating 

units and the real activated reserve is 200-250 MW in both senses (half-band).  

The mFRR is dimensioned to cover at least the biggest generation unit outage (860 MW 

installed capacity) and/or sudden wind power park generation fluctuations form the forecast. 

Currently, the average hourly mFRR reserve is about 800 MW considered in up direction only. 

The reserve dimensioning strategy is subject of  internal procedures C.N.T.E.E. 

Transelectrica S.A., "Determining the maximum installable in WPP and additional power 

reserves necessary for the NPS safety", and the values of reserves is yearly approved by 

Romanian NRA (ANRE). 

The RR must restore the mFRR reserve and to ensure balance production - consumption in 

case of a lasting shortage. RR is mobilized between 15 minutes and maximum 7 hours, in 

most cases is a matter of hours, referring to TPP- Thermal Power Plants, the time of boiler 

start-up being dominant in the process of RR activation. For this reason, slow tertiary reserve 

is dimensioned taking into account the second largest active power loss possible in the 

national power system. The minimum amount of RR is 700 MW in up direction, 

corresponding to the second biggest generation outage considered permanently in 

operation (the installed power of a NPP unit). 

 

Ad 2: Procurement of balancing capacity 

The balancing capacity for aFRR, mFRR and RR reserves is procured within organized 

market. All BSPs offering aFRR, mFRR and RR reserves are invited to participate to the 

auctions organized by Transelectrica. The participating BSPs must be pre-qualified for the 

service provided/auctioned. The prequalification process refers to performance of 

generating units for power activation, providing and maintaining in operation of the required 

active power during the process of reserves activation and to the endowment with 

communication and measuring equipment. The procurement cycle (distance to real time) 

can be from one year till one day before delivery time. 

Products resolution for the capacity is one hour. For the capacity market, marginal price is 

used for all auctioned intervals and reserves. Price is not capped for capacity auctions.  

Current BSPs for aFRR, mFRR and RR are generator units only.  

The following table represents average balancing capacity procurement prices for aFRR, 

mFRR, and RR separated for upward and downward direction for years 2014 and 2015. 

Table 4: Prices of balancing capacity procured for aFRR, mFRR and RR. 

Market results - avg. price 
for provision of balancing 
services 

2014 2015 

upward downward upward downward 

aFRR capacity 
[EUR/MW/h] 

13,88 13,88 12,83 12,83 
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Market results - avg. price 
for provision of balancing 
services 

2014 2015 

upward downward upward downward 

mFRR capacity 
[EUR/MW/h] 

7,08 N/A 6,64 N/A 

RR capacity [EUR/MW/h] 8,36 N/A 6,87 N/A 

 

Ad 3: Activation of balancing energy 

Capacity activation of aFRR, mFRR and RR balancing energy is currently done within 

Balancing Market, in merit order list. The energy activation of mFRR and RR is made using a 

merit order list, while the energy activation of aFRR is pro rata.   

All BSPs are obliged to offer all available balancing capacity from pre-contracted and non-

pre-contracted sources, as long as they are pre-qualified to provide ancillary services. For 

pre-contracted capacity, the repartition between generation units, is made by BSP.   

Regarding aFRR process, the Load frequency controller is a proportional-integral (PI) type. 

The integral term is limited in order to have a non-windup control. The cycle time for the 

automatic controller is 2s. For aFRR, activation is pro-rata.  The controller has actions only on 

generating units or power plants capable to exchange in real time a specific flux of data. The 

controller represents a control function inside the EMS SCADA system provided by AREVA. 

The units/power plants receive a set-point as a percentage (named control order) from the 

total regulating band selected.  In some cases, this setpoint (control order) is send as one 

value to one Power Plant and it is redistributed between power plant units, as same value 

reported to each generation unit control band.  

The unit reacts to the set point after at least 30 seconds to maximum 2 minutes. 

The activated energy on Balancing Market, from pre-contracted and non-pre-contracted 

aFRR, mFRR and RR (free energy bids) is selected based on the merit order list for all 

services.  

Ad4: Monitoring of provided balancing services 

Monitoring capacity is done ex-post check (for all services), monitoring energy is done both 

real time and ex-post check. 

Ad 5: Settlement of balancing energy between TSO and BSPs 

Settlement of balancing energy between TSO and BSPs is based on marginal price for aFRR 

(delivered energy is settled according to metered response for aFRR) and pay-as-bid 

according to requested energy for mFRR.  

Hourly resolution is used for settlement. 

In 2015, the share of aFRR in a total activated balancing energy represent 10,87% and 11,80% 

respectively for positive and negative direction. The following table represents the average 

balancing energy price, paid by Transelectrica to BSP. 
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Table 5:  Average prices of activated balancing energy for aFRR, mFRR and RR. 

Market results - avg. price for 
provision of balancing 
services 

2014 2015 

upward downward upward downward 

aFRR capacity (activated) 
[EUR/MW/h] 

62,61 0,19 66,28 0,59 

mFRR capacity (activated) 
[EUR/MW/h] 

52,91 9,15 57,26 8,77 

RR energy (activated) 
[EUR/MWh] 

49,91 17,99 54,02 13,55 

 

Ad6: Imbalance settlement and cost recovery 

Cost recovery is organised through network tariff for capacity procurement costs and via 

BRPs for balancing energy costs. For imbalance settlement where hourly resolution is used 

market operator is responsible. Dual imbalance pricing based on weighted average prices of 

balancing energy both for positive and negative direction is used. In case of no balancing 

energy is activated in a certain direction, day-ahead energy price is used for determination of 

imbalance price. The following table represents the average imbalance price paid by BRPs 

Table 6: Average imbalance prices paid by BSPs 

Market results  2014 2015 

upward downward upward downward 

Average imbalance settlement price 
[EUR/MWh] 

54,75 6,88 57,32 3,59 

 

2.3.2 RO: Additional technical characteristics of a controller and products 

The response time (full activation time) both for aFRR and mFRR is 15 minutes. This time is 

considered as full activation time and the difference between aFRR and mFRR is the request 

that aFRR must deliver a first response after 30 seconds. The ramp rate must be respected 

permanently and can assure the total reserve activation in 15 minutes. This ramp rate is 

different according the technology (TPP or HPP) and for TPP of combustible oil, coal, gas. All 

units qualified for aFRR or mFRR must have an active power controller with PI or PID control 

law. 

Regarding the AGC, the basic diagram is: 
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2.4 Austria  

2.4.1 AT: Balancing process 

The balancing process for aFRR and mFRR at APG consists of the following steps: 

1. Dimensioning of Balancing Reserves 

2. Procurement of Balancing Reserves, 

3. Activation of Balancing Reserves 

4. Monitoring of activation of Balancing Reserves 

5. Settlement  

 

Ad 1: Dimensioning of Balancing Reserves 

Balancing capacity dimensioning is done separately for aFRR and mFRR. 

Dimensioning of aFRR is currently based on the empiric formula of the ENTSO-E OH. The 

application of the formula results in an aFRR capacity of ± 200 MW.  

Dimensioning of mFRR is done according to the loss of the largest generation unit and the 

largest expected loss of demand and results in an mFRR capacity of +280/-170 MW.  

Experience has shown that current dimensioning ensures very good control quality. 

 

Ad 2: Procurement of Balancing Reserves 

BSPs who intend to offer aFRR and/or mFRR services have to run through a pre-qualification 

process. They have to guarantee appropriate unit features, communication and measuring 

equipment and have to operate a reviewed capacity and operation concept. Both aFRR and 

mFRR capacity is procured via a tendering procedure with BSPs.  

 aFRR: weekly tendering, peak/off-peak product, minimum size 5 MW, increment 1 

MW 

 mFRR: weekly tendering, 4-hour-products, size 1-50 MW,  

Both aFRR and mFRR have a capacity price component and an energy price component. The 

acceptance of a bid is based on the respective capacity price. 

BSPs run in general pools of units and receive respectively only one signal, which is 

distributed to the individual units based on activation schemes that have to be pre-qualified. 

The size of the units is quite different (from tens of MW to hundreds of MW). Both 

generation and demand units are used. There are also some aggregators registered as BSPs, 

which do not own/operate the units in their reserve-pool. 

In general no distinction is made between aggregators/non-aggregators, generators/loads 

and between technologies as long as the quality requirements for the pool of the BSP can be 

met. Nevertheless there exist specific solutions to reflect different boundary conditions – 
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e.g. the definition of the set value (needed to calculate the activated reserve). 

 

Ad 3: Activation of balancing energy 

Activation of aFRR and mFRR balancing energy is based on the Merit Order List (MOL) 

resulting from the tendering.  

The aFRR activation signal for the BSPs is the output of the LFC of APG with a time 

resolution of 2s (merit order activation) and transferred via IEC 60870-5-101 protocol.  

The activation of mFRR is transferred by means of a web-service where the BSPs have to be 

connected to.  

In general the quality of control in the CB APG is very good. This high quality is reflected in 

the quality parameters in the regular ENTSO-E “Report of the performance of the primary 

and secondary LFC” 

In addition to procurement and activation of reserves two layers of imbalance netting are 

applied (first layer: INC with ELES and HOPS, second layer IGCC).  

 

Ad4: Monitoring of provided balancing services 

Monitoring data by means of online activation data has to be provided per BSP (2 s time 

resolution for aFRR, 2 s up to 60 s time resolution for mFRR). In addition a BSP has to archive 

data with the same time resolution for every unit for spot checks (exceptions for a high 

number of identical units possible). 

Ex-post-monitoring is the basis for accounting, since only real activated reserves are 

remunerated. In addition a penalty procedure is currently being implemented. 

 

Ad 5: Settlement of balancing energy between TSO and BSPs 

Settlement of balancing capacity between APG and the BSP is based on pay-as-bid principle. 

Balancing energy is for aFRR settled based on real activated aFRR (no cap is applied) and for 

mFRR based on the request.  Settlement period is 15 minutes.  

 

Ad6: Imbalance settlement and cost recovery 

The expenses for reserves are distributed based on the tariff regulation. 

 

2.4.2 AT: aFRR technical characteristics 

The block diagram of AGC concept with PI-controller is given below: 
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3 FutureFlow aFRR mechanism – target model  

One of the main tasks of FutureFlow project is to design the feasible target model (FF Target 

Model) for the exchange of balancing energy from FRR with automatic activation, by 

defining the proper configuration and correlation among the national balancing markets and 

practices, its pan-regional integration, taking into account cross-border transmission 

constraints and the operation of commercial markets.  

Having in mind that according to the relevant legislation, based on the specific of aFRR and 

redispatching services, these two should not be operated through the common availability 

list, FutureFlow has a separate target also to provide innovative solution at the field of 

redispatching. 

FF Target Model design has to provide innovation in the field of balancing, be in line with the 

EU Target Model (mainly defined by Guideline on Electricity Balancing (EB GL) and Guideline 

on electricity transmission system operation (SO GL)), and at the same time be secure, 

sustainable, replicable and applicable in the situations of congested borders. 

  

Figure 5. FutureFlow - working space for aFRR innovation proposals 

Under these conditions, the key cornerstones of FutureFlow Market Design are summarized 

and thoroughly discussed. While the resolution for some of the cornerstones was quite 

straightforward (e.g. when directly related to EU Target Model), some other raised lots of 

discussions, and still are left with open alternatives that will be investigated within Task 1.5 

of this project. The crucial topics are listed herein. 
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3.1 TSO-TSO model 

Since the draft version of EB GL clearly defines TSO-TSO as the standard and target model 

for the exchange of balancing services. For the FutureFlow also the TSO-TSO model is 

recommended. The TSO-TSO model means the exchange of any kind of balancing services is 

possible exclusively by involved Transmission System Operators (requesting TSO and 

connecting TSO). It means, all activations of Balancing Service Providers (BSPs) of aFRR 

energy, both conventional and DR/DG providers, in another area of responsibility are 

realized through the Connecting TSO. 

3.2 Balancing - aFRR energy exchange  

The process of exchange of aFRR balancing energy, from the regional cooperation point of 

view, can be summarized with the following high level activities: 

 Prequalification – Activity that has been performed before real-time operation, in 

which TSOs set the technical requirements for aFRR product and perform testing of 

the BSP’s technical capabilities to provide required aFRR product (in accordance with 

Balancing service guidelines or Grid codes); BSP providers are obliged to fulfil these 

requirements if they want to participate in the regional balancing market.   

 Bidding – Activity that has been performed before real-time operation (depending 

on the applied bidding procedure) with the goal to create Common Merit Order List 

(CMOL) based on individual offers for aFRR energy from the Balancing Service 

Providers on the national level. 

 Activation – Real-time activity (typically within few seconds) in which each 

participating TSO submits its current demand for activation of aFRR energy, while 

Common Activation Function (CAF) optimizes all submitted demands and sends 

back correction signals to obtain the most efficient economic solution under the 

given transmission constraints (limited Cross-Zonal Capacity). 

 Exchange – Real-time activity in which participating TSOs exchange aFRR balancing 

energy, physically through existing interconnection lines and administratively 

through virtual tie-lines. 

 Settlement – Ex-post activity in which participating TSOs account activated aFRR 

energy. 
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