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On the backdrop of the Athens Forum process and the Energy Community Treaty for South-

East Europe (SEE), the Transmission System Operators (TSOs) in SEE endeavour to develop 

and implement a co-ordinated congestion management method for the allocation of cross-

border electricity transmission capacity in the region. 

In this context, the project of investigating flow-based coordinated auctions on the basis of a 

dry run has turned out to be a key driver for further development of market based cross-border 

energy exchange in the region. 

This study, which constitutes a continuation of our previous studies in the region [1, 2], was 

commissioned by the Energy Community Secretariat (ECS) in order to 

 resolve open issues of the technical concepts developed so far, 

 address crucial organisational and commercial issues, such as risk management, business 

process development, revenue distribution, 

 and, ultimately, substantiate the proposals for the content of the potential future conges-

tion management method in SEE and for the organisational structure to implement it. 

The study focuses on flow-based coordinated explicit auctions, based on the understanding 

that this is, for the time being
1
, the target solution for congestion management in SEE. 

This report is structured as follows: We first provide an introduction to the flow-based alloca-

tion (FBA) concept in general and the so-called maximum flow (MF) approach in particular 

(chapter 2) before addressing several technical aspects of the MF approach (chapter 3). Chap-

ter 4 presents new considerations on the topic of auction revenue distribution. After discuss-

ing the legal framework (chapter 5) we turn to organisational issues (chapters 6 and 7) and 

analyse the operational and organisational structure for implementing FBA in SEE (chapters 8 

and 9). 

                                                 
1
  Once the power market is more mature, further evolution to implicit auctions (market coupling) would be a 

logical next stage. 
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 In order to highlight the principles of the investigated methodical variants, 

we performed exemplary test calculations in the course of this study. 

 The only available consistent data source was the Dry Run of FBA. 

We are highly grateful for SETSOôs permission to use these data. 

 The Dry Run setup is decided on by SETSO. 

The setup may evolve over time (and has done so in the past). 

It is beyond our competence to interfere with the Dry Run setup. 

 Due to the Dry Run setup at the time from which the data for this study 

originated, the Dry Run data do not exactly reflect the structure of the SEE 

region as defined by the Ministerial Council (2008/02/MC-EnC, 27 June 

2008). In particular, 

o During the Dry Run the Serbian TSO (JP EMS) provided data for the 

territory under jurisdic tion of UNMIK  

o MAVIR and ELES are missing 

 This data driven treatment of areas in the exemplary test calculations shall 

not imply any position of the consultants as to the participation of any par-

ticular TSO or area in a possible real implementation of FBA. 
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In its broadest sense, the term ñcongestion managementò comprises all actions and measures 

that are applied to handle network access in the presence of congestion. Irrespective of the 

case-specific implementation congestion management is usually organised as a sequence of 

four phases (fig. 2.1): 

Determination 

of available 

transmission 

capacity

capacity

allocation

congestion 

forecast
if required

congestion

relief

bids / 

reservations

dispatch

schedules

¡ ¢ £ ¤

: 

 

Fig. 2.1:  4-phase model of congestion management 

1. At first the capability of the network to transmit power must be expressed as a ñtransmis-

sion capacityò, i.e. a volume of power exchange that can be safely made available to the 

network users. The amount of transmission capacity depends, among other aspects, on the 

foreseen network conditions (e.g. line maintenance, load level), on the considered time pe-

riod, and, given the limitations of forecast accuracy, on the forecast horizon. The first 

phase of congestion management is thus to determine the amount of available transmis-

sion capacity according to the definitions and time frames prescribed by the subsequent al-

location phase. 

                                                 
2
  Parts of this section are based on our previous study [1]. We repeat here the basic properties of congestion 

management in general and of the FBA approach in particular in order to present the background of this 

study to those readers that are less familiar with the topic. 
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2. The capacity allocation step is required to distribute the available transmission capacity 

among the network users wishing to utilise it. The variety of methods that can be used to 

determine each applicantôs share of the transmission capacity is outlined in section 2.1.2 

below. 

3. After the transmission capacity has been allocated and the wholesale energy markets are 

settled (usually in the afternoon of the day before operation), the TSOs perform a so-

called congestion forecast: Based on the most recent information regarding network status 

and utilisation (including e.g. generation dispatch schedules which are created after the 

energy market has been settled) they can determine if the foreseen constellation of power 

generation and consumption will be feasible or if network security limits will be breached. 

4. If during phase 3 a violation of network security limits is foreseen, the TSOs must take 

measures to relieve the network. Such measures can comprise network-inherent actions 

(like opening of busbar couplers or the use of phase shifting transformers) as well as re-

dispatching, i.e. active modifications of the generation (and, eventually, load) patterns.  

We conclude that 

 capacity determination is a preparatory step to the allocation and thus its design depends 

on the requirements defined by the allocation methods and 

 the importance of phases 3 and 4 largely depends on the way in which capacity allocation 

is done. Tasks of these phases are captured in the day-ahead congestion forecast (DACF) 

procedure. 

 

A congestion management (CM) mechanism in the SEE region must be in compliance with 

EU Regulation 1228/2003 [5] and the accompanying CM Guidelines [6]. These demand for a 

CM method that has to be market based and shall be implemented by means of either explicit 

or implicit auctions. 
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As starting point for our evaluation we assume that bilateral explicit auctions are established 

at each border in the region.
3
 Then, further improvements are conceivable in two dimensions: 

towards implicit (or hybrid implicit/explicit) auctions and towards regional co-ordination (i.e. 

multilateral allocation). Below, we discuss these two development paths with regard to feasi-

bility/suitability and their impact on the economic benefit, since the increase of social welfare 

is the driving force behind any such developments. 

With implicit/hybrid
4
 auctions economic benefits arise due to the coupling of capacity and 

energy markets (removal of sequencing inefficiencies) and ï as a consequence ï the possibil-

ity to consider netting.
5
 In order to enable implicit/hybrid auctions it is necessary that power 

exchanges are established and provide liquid and transparent spot markets in the respective 

countries. Since in the near future this is unlikely for the entirety of the SEE region, it seems 

little realistic to consider implicit/hybrid auctions as the primary goal for the development of 

congestion management. 

Regional co-ordination through multilateral auctions allows for economic benefits compared 

with bilateral auctions due to the following aspects: 

                                                 
3
  Actually, at some borders in SEE transmission capacity is still allocated unilaterally or by other means than 

auctions, but in the near future at least bilateral explicit auctions will need to be established as minimum so-

lution to fulfil legal requirements. 

4
  ñHybridò refers to a sequence of explicit auctions for long term allocation (yearly/monthly) and implicit 

auctions for day-ahead allocation. Often when implicit auctions are discussed one actually has the day-ahead 

allocation stage in mind. 

5
  More precisely, implicit auctions allow for netting within the auction (i.e. during the clearing procedure), 

while explicit auctions allow netting only between different auction stages, e.g. before day-ahead auction 

based on firmly nominated transmission rights from yearly and monthly auctions. Consequently, implicit 

auctions tend to provide a better utilisation of available transmission capacities. 
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 Within a region with multilateral capacity allocation, organisational workflows can be 

harmonised and therefore simplified. This comprises for instance 

o harmonised allocation procedure in the whole region (single set of auction rules) 

o harmonised deadlines (bidding, clearing, etc.) 

o common IT interface 

 In bilateral auctions transmission capacity is expressed by so-called NTC or ATC figures 

(net or available transfer capacity). These prescribe the maximum commercial exchange 

between two neighbouring market areas. They are determined and agreed by the two 

TSOs of the respective border.  

In principle, the NTC approach can be continued when migrating to multilateral auctions. 

However, further benefits can be achieved by introducing a so-called flow based capacity 

model, which describes the impact of exchanges between all participating market areas on 

all relevant power flows in the region. With flow-based allocation (FBA), the allocation of 

transmission rights to the respective borders can be optimised because the load flow ef-

fects of all potential power transmissions are known at the time of allocation (at least to a 

sufficient extent). 

Setting up a flow-based capacity model requires a joint effort of all involved TSOs. This 

implies a formalised and objective approach to capacity determination. Compared to the 

bilateral negotiations in the NTC approach the flow-based approach significantly in-

creases transparency, both among TSOs and towards third parties such as regulatory au-

thorities and network users. Moreover, the consideration of the mutual impact of all mar-

ket areas on each other allows for a more informed and effective setting of the desired 

network security level. These properties of the flow-based capacity model provide for the 

following benefits: 

o improved control of physical flows 

o improved risk awareness 

o increased trading flexibility, because transmission rights can be obtained between non-

neighbouring zones and need not to be a path of bilateral capacities 

o increase of social welfare and/or network security (depending on respective priorities) 
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o full compliance with CM Guidelines, which demand for ñuse of a common transmis-

sion model dealing efficiently with interdependent physical loop-flows and having re-

gard to discrepancies between physical and commercial flowsò 

A coordinated multilateral explicit auction has fewer requirements as to the maturity and 

harmonisation of national electricity markets than an implicit auction. Nevertheless, it is much 

more complex than bilateral capacity allocation methods, e.g. in terms of technical procedures 

and organisational as well as legal and taxation aspects. This relates particularly to the flow-

based allocation (FBA). 

It is important to note that the idea of the flow-based capacity model in the context of multi-

lateral capacity allocation is to provide advantages to all involved parties. 

Network users benefit from the increase process efficiency and from the higher flexibility of 

capacities. For example, when bid prices are particularly high on a certain border, more com-

mercial capacity is allocated to this border, while capacity on other borders is reduced to keep 

the network secure. This means that traders have direct influence on the total exchange vol-

ume that is allocated to the individual borders. 

Moreover, network users who want to sell power to a non-neighbouring country can obtain 

direct transmission rights between the source and the sink market areas. This avoids the risk 

of bilateral auctions when capacity is obtained only for a part of the entire path between 

source and sink areas. The direct transmission right between non-neighbouring areas implies a 

lower degree of optionality compared to the combination of bilateral rights; this is rewarded 

by the allocation algorithm through lower prices.
6
 Of course there is absolutely no obligation 

to make use of the non-neighbouring transmission rights. Traders who want to maintain their 

flexibility can still obtain transmission rights between neighbouring market areas and com-

bine them freely at the later nomination stage. Moreover, the concept can be implemented 

                                                 
6
  For example, the price of a transmission right between Romania and Greece is never higher, but in most 

cases lower the sum of the prices of separate transmission rights between Romania and Bulgaria and between 

Bulgaria and Greece (or any other ñcontract pathò linking Romania and Greece). 
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with only limited repercussion on the scheduling procedures, e.g. by introducing ñvia TSOsò 

[1, pp. 24f]. 

TSOs gain better control of the flows in their grid without losing their individual responsibil-

ity for network security. All flow limits are set by the individual TSO operating the transmis-

sion line or transformer in question. The relevant change is that these limits are jointly evalu-

ated and checked against the total impact of all exchanges in the region (not only between one 

TSO and its neighbours). 

 

 

The ñmaximum flowò (MF) approach constitutes a concept for the determination and applica-

tion of a flow-based capacity model in which the flow constraints of the transmission grid are 

represented by the maximum active power flow on individual branches (i.e. lines or trans-

formers) in base case and outage topologies. 

For a general introduction to FBA and a description of its relation to the NTC approach we 

refer to [3] and [4], respectively. 

More specifically related to the SEE region, the motivation and idea behind the flow-based 

capacity model in general and the MF approach in particular are documented in our previous 

studies for SEE [1, 2]. 

In this chapter we briefly describe the technical fundamentals of the MF approach. Specifi-

cally, we define the various parameters and their interrelations. This shall serve as a reference 

for subsequent chapters referring to the rules and options for the determination of values of 

these parameters.  
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Note that the nomenclature has been modified compared to [2] in order to align the parameter 

names used in the SEE and the CEE regions for the respective flow-based allocation con-

cepts.
7
 

The SEE TSOs are regularly testing the MF approach during their so-called ñDry Runò. In 

these calculations, the majority of (but not all) SEE TSOs are modelled as FBA participants. 

Therefore, the Dry Run constitutes a valuable (and the only available consistent) data base for 

numerical investigations of new or enhanced concepts. At this point we would like to express 

our gratitude to SETSO for granting us access to Dry Run data for our numerical analyses in 

the course of this study. 

 

The MF capacity model constitutes a set of linear constraints forming a part of the optimisa-

tion problem that is solved during the allocation process (selection of bids for transmission 

rights). It has the form 

 AMFEPTDF  (2.1) 

with: PTDF Power Transfer Distribution Factor matrix 

 E  vector of incremental exchanges between all pairs of market 

  areas (forward and reverse directions) due to bids allocated  

  in this auction round 

 AMF  vector of Available Maximum Flow of all cb/co combinations 

  for forward and reverse directions 

A cb/co combination means that the flow is considered on a certain critical branch during a 

certain outage topology (critical outage, i.e. contingency of one or more other branches). This 

is the manifestation of the (n-1) network security criterion within the MF approach. 

                                                 
7
  This alignment refers to the definition of and most interrelations between the parameters. It does not imply 

any degree of similarity between the ways in which the values of the parameters are determined in the respec-

tive regions, which is under the respective TSOsô responsibility. 
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The dimension of this equation is twice the number of pairs of market areas (each source-sink 

pair in forward and reverse direction) times twice the number of cb/co combinations (for each 

cb/co combination, flow in forward and reverse direction).
8
 

The following sections contain details on the PTDF matrix and the AMF vector, respectively. 

 

The PTDF figures regarding an exchange between market area A and market area B for a 

critical outage are defined as the ratio between an incremental flow Fcb,co on a critical branch 

in a critical outage topology and the incremental power exchange EA
Ą

B between two market 

areas A and B that creates this incremental flow:  

 
BA

cocbBA

cocb
E

F
PTDF

,

,
 (2.2) 

Note that the PTDF matrix is determined by using a linear (DC) load flow algorithm, such 

that the figures are independent of the level of the incremental exchanges. 

 

For each pair of critical branch cb and critical outage co, two AMF figures must be deter-

mined ï one for each flow direction. Ultimately, for solving the optimisation problem of the 

allocation, these will be put in a single AMF vector (cf. eq. (2.1)) having twice as many ele-

ments as the number of cb/co combinations. However, for the sake of clarity, the following 

descriptions differentiate between AMF
+
 and AMF

ï
 for each cb/co combination. 

                                                 
8
  Depending on the purpose oft he PTDF matrix Ămarket areasñ may either comprise only the bidding areas of 

the FBA or a larger set of areas, e.g. including those that are considered as sources of external flows. 
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The TMF is the maximum active power flow on a considered critical branch under considera-

tion of the voltage profile and the necessity to transmit reactive power (to an extent unknown 

at the time of capacity allocation). See [2, pp. 13ff] for considerations about the determination 

of TMF. 

Note that all flows in the MF concept are active power flows.
9
 

For yearly and monthly allocation, the BFL is the active power flow on a considered critical 

branch after a critical outage, which would occur under the assumption that no cross-border 

exchanges between market areas modelled in the load flow model take place. This means that 

all exchanges are assumed to be zero. Thus, the NF reflects flows due to the coverage of the 

TSO-specific system load through domestic generation without additional import or export. 

For daily allocation, BFL also contains the flow due to exchanges that cannot be controlled by 

the FBA (i.e. exchanges with and between non-participating TSOs). Therefore, BFL for daily 

allocation is the active power flow on a considered critical branch after a critical outage, 

which would occur under the assumption that no cross-border exchanges between market 

areas participating in the FBA take place. 

The difference between yearly/monthly and daily allocation is mirrored by the determination 

of the BFRM.
11

 

                                                 
9
  Nevertheless, the calculation of TMF is based on the result of an AC load flow calculation in order to con-

sider the voltage profile of the base case situation.  

10
  This was previously called Natural Flow (NF). 

11
  This is discussed in detail in section 3.2.2.1. 
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This margin (which has the dimension of an active power flow) represents the uncertain flows 

that are induced on the critical branches in the SEE region by ñexternalò cross-border ex-

changes. ñExternal exchangesò here means all exchanges that are not controlled by the FBA 

in SEE. Flows created by external exchanges are called external flows. 

BFRM
ï
 and BFRM

+
 span the range of external flows on a cb for a particular co that shall be 

covered by the allocation (i.e. the (n-1) criterion shall be fulfilled for any actual external flow 

within this range). 

There are numerous causes of inaccuracies and uncertainties of the load flow model that is 

used as the basis for the allocation. While the uncertainty due to external exchanges is explic-

itly and separately covered by the BFRM (see above), all remaining inaccuracies and uncer-

tainties are jointly covered by the FRM. This comprises linearisation errors, uncertainty of the 

geographical distribution of load and generation within market areas, inaccuracies in data and 

measurements, etc.  

The NMF is the maximum admissible (i.e. compatible with security criteria) active power 

flow on the considered cb for a considered co resulting from all commercial transactions 

among the systems participating in coordinated flow-based transmission capacity allocation. 

NMF depends on the time of its determination (i.e. on the information known to the TSOs at 

that time) and on the upcoming allocation round (i.e. on the time period for which capacity 

will be allocated), but it does not depend on any transmission rights that have already been 

allocated in previous allocation rounds. 

                                                 
12

  BFRM hast he function of the Uncertain Outside Flow (UOF) in previous descriptions of the MF approach 

for SEE. 
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cocbcocbcbcbcocb BFLBFRMFRMTMFNMF ,,,

 (2.3) 

 
cocbcocbcbcbcocb BFLBFRMFRMTMFNMF ,,,

 (2.4) 

TMF and FRM are generally expected to be symmetrical for NMF
+
 and NMF

ï
, whereas 

BFRM may differ between positive and negative direction.
13

 BFL is a netted flow and there-

fore affects NMF in an asymmetrical way.
14

 Consequently, the absolute values of NMF
+
 and 

NMF
ï
 in general differ from each other. 

The NMF may be partly used up by flows resulting from previous auction rounds or by flows 

reserved for the cross-border exchange of reserve power. 

Under the assumption that auctions take place for yearly, monthly and daily (i.e. hourly) 

timescales and that allocated transmission rights must be firmly nominated prior to the daily 

auction (i.e. not nominated capacity will be reallocated in the daily auction, so-called use-it-

or-lose-it principle
15

), one must distinguish between potential and firm flows: 

 When preparing the monthly auction, capacity allocated in the yearly auction must be 

taken into account. Since this capacity does not need to be nominated at this point, it is 

represented by a bandwidth of potential flows. These are called Already Allocated Flows 

(AAF). Also any reservation of flows for potential use of cross-border reserve contributes 

to AAF. 

                                                 
13

  For instance, the bandwidth of external flows to be covered may range from -50 MW to +120 MW, meaning 

that positive external flows are more likely than negative ones, but negative flows up to 50 MW can anyway 

occur with a certain probability. Therefore, the absolute value to be subtracted from TMF due to external 

flows differs between positive and negative flow direction. 

14
  This means that the allocable flow is decreased in the direction of BFL (because BFL utilises the cb in that 

direction), but increased in the opposite direction (because flows in that direction can be offset against the 

BFL). 

15
  Technically equivalent to use-it-or-sell-it, the difference being the commercial treatment of unused capacity 
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 Prior to the daily auction the transmission capacity owners have nominated their 

yearly/monthly rights to some extent. Given the firmness of this nomination the resulting 

flows can be considered as netted, firm flows (similar to BFL). These flows are called Al-

ready Nominated Flows (ANF). If capacity is reserved for cross-border reserve, this is still 

expressed AAF as its use is uncertain at the time of daily allocation. 

Hence AAF may exist at all auction rounds (but with different amounts), whereas ANF is 

only relevant for the daily auction. 

The AMF is the part of the NMF that remains effectively available for the current allocation 

round. 

 cocbcocbcocbcocb AAFANFNMFAMF ,,,.  (2.5) 

 cocbcocbcocbcocb AAFANFNMFAMF ,,,.  (2.6) 

Note that ANF is a netted, firm flow affecting AMF in an asymmetrical way (i.e. ANF in-

creases AMF in one direction and decreases it in the opposite direction). In contrast to this, 

AAF is a bandwidth of potential flows, leading to a reduction of AMF in both directions. 
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The topic of technical parameter calculation concept contains a number of aspects that will be 

discussed in the following sections. Table 3.1 gives an overview of the considered topics and 

provides information about which properties of the concept are affected. 

 

Aspect Relevant for 

Improvement of UOF concept Balance between network security and 

amount of capacity Avoidance of negative AMF 

PTDF/AMF recalculation frequency/triggers Process efficiency and network security 

Common load flow model 
Technical accuracy 

Consideration of generator outages 

Feasibility of FBA at different time horizons 
Balance between effort, transparency, and 

economic optimality 

Application of MF approach when some TSOs 

do not participate in FBA 
Options for FBA evolution 

Table 3.1: Overview of considered aspects and relevance for calculation concept 

 

 

The existence of very small or negative AMF figures has the consequence to highly limit or 

even impede the allocation of cross-border transmission rights for the respective allocation 

round. 

In such cases, the task is to determine the possible origin for the occurrence of negative 

AMFs. Such figures might be the result of the properties of the network situation (such that 

the limitation of allocation would be justified) or the consequence of data or model inaccura-

cies. Given that the capacities allocated in the Dry Run so far were often lower than the ca-
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pacities allocated in the real (NTC based) auctions, there is some expectation that it could be 

possible to increase capacity (by avoiding negative AMF) without jeopardising network secu-

rity. In this context, particularly the concept of the Uncertain Outside Flows (UOF)
16

 is be-

lieved to bear potential for improvements, as the UOF figures are often deemed to be quite 

high. 

In order to develop proposals for remedial measures, we analysed the influence of the applied 

UOFs on the AMFs based on 3 exemplary time slots of the dry run (monthly auctions of 

April, June and October 2008) where negative AMFs occurred. 

We determined the AMF and UOF figures for selected combinations of critical branches and 

outages and calculated the difference AMF-UOF (fig. 3.1). This would constitute the avail-

able flow under the assumption that no external flows needed to be covered by the UOF 

margin (UOF = 0 MW). 

For the majority of cb/co-combinations there are high UOFs when the resulting AMFs are 

negative. Furthermore, the AMF figures in case of neglecting UOFs (ñAMF-UOFò) are posi-

tive for almost all cb/co combinations. 

Of course it is not admissible to completely neglect UOF. But nevertheless, this simple analy-

sis shows that the UOF figures are the main driver for the existence of undesired negative 

AMFs.  

The calculation of UOF figures is based on a deterministic concept, and the parameters ap-

plied in the Dry Run constitute worst-case assumptions.
17

 Consequently, we analysed means 

to reduce the reliability margin concerning the impact of flows induced by exchange with and 

                                                 
16

  In the description of the flow based approach in section 2.2 UOF have been replaced by BFRM (as a conse-

quence of the analysis in this chapter). Hence, eq. (2.3) and (2.4) show how UOF/BFRM directly influence 

NMF and, ultimately, AMF. 

17
  Note that in a previous study we recommended to consider ñconceivable cases of cross-border exchangeò [1, 

p. 44] instead of worst cases in order to avoid an overestimation of the UOF figures. In the practical applica-

tion of the Dry Run, however, it has turned out to be difficult to find acceptable parameters other than the 

worst-case assumptions. Hence, UOF as practically applied in the Dry Run cover the worst case conditions of 

exchanges between Dry Run participants and neighbouring TSOs. 
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between external TSOs by introducing the probabilistic BFRM concept. This concept and its 

application are described in the following section 3.2.2. 

 

Fig. 3.1:  AMF and UOF figures on selected cb/co-combinations for exemplary time slots 

However, in some cases the AMF would remain negative even when setting the UOF to 

0 MW, so that further measures have to be taken into account to avoid unessential negative 

AMFs. These are discussed in section 3.2.3).  

 

 

Within the dry run, the SEE TSOs have so far applied the deterministic UOF concept in order 

to cover the uncertainty of flows on critical branches caused by external exchanges (EE) 

between FBA participants and external TSOs and among external TSOs. The concept has 

been applied using worst-case assumptions, i.e. the maximum amount of bilateral exchange 

with and between external TSOs. Therefore, the UOF concept practically leads to rather 
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restrictive margins and has often been the origin of negative AMF figures in a number of dry 

run rounds. 

In contrast to that, the BFRM concept is a probabilistic approach based on a statistical as-

sessment of historic bilateral exchange programmes. These time series serve to determine 

frequency distributions of the external flows (EF) on critical branches (for the respectively 

considered critical outages) due to external exchanges (fig. 3.2). 

 

Fig. 3.2:  Overview of probabilistic BFRM concept
18

 

The determination of the frequency distribution of EF depends in some aspects on the consid-

ered time horizon. 

                                                 
18

  For the sake of clarity, D-1 is assumed to be the reference day for CLFM creation for day D. In practice, 

other reference days are possible (e.g. on weekend days or national holidays), but this does not affect the 

concept. 
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For the daily allocation, the idea behind the assessment is as follows: The common load flow 

model (CLFM) is prepared on D-2 on the basis of the DACF models for a reference day, e.g. 

D-1 on weekdays and D-7 on weekend days. Thus, the BFL contains the actual EE for the 

reference day.
19

 It is reasonable to assume that the EE on the day D are similar to the EE of 

the reference day (e.g. EE on day D similar to D-1). In statistical terms, the EE on the refer-

ence day constitute the expected value of the EE on D. Consequently, the range of incre-

mental changes of the EF between two (e.g. subsequent) days has to be covered by the 

BFRM. In the following, this incremental approach is expressed by using the term EF. 

The determination of the daily BFRM starts with an objective statistical assessment of historic 

EF. By multiplying the incremental external exchange (EE) between subsequent days with 

the PTDF matrix of a sample time slot, a frequency distribution of EF (for each critical 

branch) for a historical time range (e.g. the year prior to the analysis) is obtained. 

 EEPTDFEF  (3.1) 

The frequency distribution of EF for all critical branches can then be used as the basis for 

the TSOsô (necessarily subjective) decision on the BFRM. The topic of risk control by intro-

ducing a specific BFRM level is discussed in section 3.2.2.2, while an analysis of the poten-

tial impact of different BFRM assumptions on the allocation results is presented in sec-

tion 3.2.2.3. 

Within the determination of AMF figures for daily allocation, BFRM is split into BFRM
+
 and 

BFRM
-
, where BFRM

+
 covers the positive range of the frequency distribution of EF, while 

BFRM
-
 covers the negative part of the distribution, i.e. BFRM

+
 is always greater or equal 

0 MW and BFRM
-
 is always less or equal 0 MW. 

The EE contained in the CLFM for Y and M auctions do not constitute the expected value of 

EE for the auction horizon. Given that the CLFM is based on some reference case or an older 

                                                 
19

  This means that the BFL for the daily allocation represents the expected value of the EF. 
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DACF model, the EE contained in the load flow models must be deemed a random assump-

tion and hence should be ignored. 

Like for the daily allocation, the determination of the Y/M BFRM can be based on an objec-

tively determined frequency distribution of external flows created by historic external ex-

changes. The calculation procedure resembles the one for the daily BFRM with the main 

difference that now absolute EE are used to determine absolute EF. This is necessary because 

the absolute EF in the CGM is considered a random assumption here, such that the entire 

(absolute) EF needs to be expressed by the BFRM. 

The distribution frequency of EF can be calculated on the basis of a sample PTDF matrix, e.g. 

the one of the current auction round. 

 EEPTDFEF  (3.2) 

Like for the daily BFRM, the frequency distribution of EF for all critical branches and out-

ages can be used as the basis for the TSOsô (necessarily subjective) decision on the Y/M 

BFRM (cf. sections 3.2.2.2 and 3.2.2.3). 

For the determination of yearly and monthly BFRM, the expected value of EF is equal to the 

expected value of the calculated frequency distribution of EF [E(EF)]. This means that the 

margin shall cover one the one hand the range of EF greater than E(EF), expressed as 

BFRMright, an on the other hand the range of EF less than E(EF), expressed as BFRMleft. The 

figures for BFRM+ und BFRM- to be taken into account within the determination of AMFs 

are calculated as follows: 

 r i ghtBFRMEFEBFRM  (3.3) 

 
lef tBFRMEFEBFRM  (3.4) 

BFRMright and BFRMleft are always positive, hence, BFRM
+
 and BFRM

-
 can be positive or 

negative, but BFRM
-
 is always less or equal BFRM

+
. 

Fig. 3.3 illustrates the aforementioned relations of the parameters for daily and 

yearly/monthly auctions respectively. 



 / APCSCONSULT Final report for ECS, 30 November 2009  21 

 

Fig. 3.3:  Definition of BFRM parameters for daily and yearly/monthly auctions 

 

There are two main differences between the UOF and BFRM concept (fig. 3.4). The first one 

is that with the BFRM concept the combined impact of all external exchanges is determined 

while the UOF approach considers separate boundaries concerning the minimum and maxi-

mum amount of each individual external exchange. As these minimum/maximum exchanges 

normally do not all occur at the same time, the BFRM concept offers potential for the reduc-

tion of the margin as it objectively considers the temporal correlation of external exchanges. 

The second aspect is that the minimum/maximum boundaries of external exchanges in the 

UOF concept constitute worst-case assumptions. In contrast to that, the BFRM concept pro-

vides objective information on the probability the worst-cases occur by determining the fre-

quency distribution of actual historic external flows. Consequently, the BFRM concept en-

ables the TSOs to control the risk level. In case some residual risk is accepted by the respec-

tive TSO, the margin could be reduced with the result of a potential capacity gain. 
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Fig. 3.4:  Overview of main differences between UOF and BFRM concept 

The determination of frequency distributions of external flows is rather complex and time-

consuming. Thus, a complete quantitative analysis and comparison between the different 

concepts to cover the uncertainty of external flows was not possible within the scope of this 

study. 

Nevertheless, we performed an exemplary calculation based on 100 time slots in order to 

demonstrate the essential properties of the BFRM concept and the main differences to the 

UOF concept. 

The analysis takes into account the impact of two external exchanges ï HUĄHR and a ficti-

tious one generated by us ï on the critical branch XPE_DI21ĄHPEHLI21, where the base 

topology has been considered. The 100 time slots were selected from the entire year 2008 

such that they represent the bandwidth of typical situations (high/low exchange programmes, 

high/low physical flows, high deviations between exchange programmes and flows, typical 

weekdays). 

With respect to the UOF concept, we assume ï following current Dry Run practice ï that the 

margin to cover the uncertainty of external flows is determined by adding up the maximum or 

minimum external flow caused by each individual external exchange. Under the given as-

sumptions this would lead to a range from -178 MW up to +400 MW of external flows to be 
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covered by UOF (fig. 3.5 a, total of individual maximum and minimum values of external 

flows, respectively). 

These boundaries decrease significantly when considering the temporal correlation of external 

exchanges with the BFRM concept. For example, in the very hour when one external ex-

change (and, hence, the external flow that it creates) reaches its maximum, the level of the 

second external exchange may be relatively low, and vice versa. In order to take account of 

this correlation, the external flows created by the two external exchange directions are 

summed up for each time slot, and these total external flows are further considered. In this 

example, the maximum range of external flows to be covered by the margin is between 

-160 MW and +358 MW (fig. 3.5 b). 

a) b) 

  

Fig. 3.5:  From UOF to BFRM: Taking account of the temporal correlation of external 

exchanges 

Additionally, when applying the BFRM concept the TSOs are able to control the risk level by 

means of a statistical assessment of the frequency distribution of EF. In the example, we 

assume that the TSO decides to cover the range of external flows between the 10% and 90% 

quantiles of the frequency distribution and would accept the residual risk in case that the 

actual external flow would be outside this bandwidth (fig. 3.6). 
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Fig. 3.6: Example of risk control by statistical assessment of frequency distribution 

These considerations would lead to a further reduction of the range of external flows to be 

covered by the margin (BFRM
ï
 = -90 MW to BFRM

+
 = +313 MW). Compared to the initial 

UOF figures this means a reduction by more than 30 %, which notably increases the AMF 

figures and could result in a significant capacity gain. 

 

In the previous section we discovered that the introduction of the BFRM concept to cover the 

uncertainty of external flows could, in principle, help avoiding small or negative AMFs. 

Furthermore, the application of BFRMs enables the TSOs to control the network security 

level. 

In the following we analysed the impact on the allocation results when varying the network 

security level assuming flow based allocation. In addition to that we analysed a scenario 

assuming NTC based allocation on all considered borders (constituting a reference). 

In principle, different network security levels for flow based allocation are defined by differ-

ent BFRM assumptions. As robust BFRM figures are not available so far, we introduced 

different BFRM figures as fraction of the original UOFs applied in the dry run, taking into 

account the following variants: 

 BFRM = 100% UOF 

 BFRM = 80% UOF 

 BFRM = 60% UOF 






































































































