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1 Introduction

On the backdrop of the Athens Forum process and the Energy Community Treaty fer South
East Europe (SEE), theransmission System Opéoes (TSO9 in SEE endeavour to develop
and implement a cordinated congestion management method for the allocation of cross

border electricity transmission capacity in the region.

In this context, the project of investigating fldvased coordinated auetis on the basis of a
dry run has turned out to be a key drif@rfurther development of market based crbssder

energy exchange in the region.

This study which constitutes a continuation of our previous studies in the regi@h was

commissioned by the Energy Community Secretariat (ECS) in order to
e resolve open issues of the technical concepts developed so far,

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

process development, revenue distribution,

e and, ultimately, substantiate the proposals for the confetiiegpotential future conge

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

The studyfocuses on flonbased coordinated explicit auctions, based on the understanding

that this is, for the time beihgthe target solutio for congestion management in SEE.

This report is structured as followd/e first provide an introduction to the flebwased alloa-

tion (FBA) concept in general and the-caled maximum flow (MF) approach in particular
(chapter2) before addressing several technical aspects of the MF approach (&haQteap-
ter 4 presend new considerations on the topic of auction revenue distribution. After discus
ing the legal framework (chapt®&) we turn to organisationassues (chapter8 and7) and
analyse the operational and organisational structure for implementing FBA in SEEr&Bapte
and9).

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

logical next stage.
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Disclaimer

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 di&a source was the Dry Run of FB.

We are highly grateful for SETSOG6s
The Dry Run setup isdecided 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 setupat 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/ME&ENC, 27 June
2008). In particular,

0 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 sha
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2 Short description of flow based approach

2.1 FBA concept?

2.1.1 Generic congestion management scheme

In its broadest sense, thetefihnt ongesti on management o compri s
that are applied to handle network access in the presence of congestion. Irrespective of the
casespecific implementation congestion management is usually organised as a sequence of
four phases (§j. 2.1):

bids / dispatch
reservations schedules
i ¢ o
Diﬁce;\gi?aa&'gn capacity if required:
" allocation congestion
transmission :
: relief
capacity
Fig. 2.1: 4-phase model of congestion management
1. Atfirstt he capability of the network tostransm
sion capacityo, i . e. a volume of power exc

network users. The amount of transmission capacity depends, among other aspeets, on th
foreseen network conditions (e.g. line maintenance, load level), on the consideree-time p
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 avadabhs-

sion capacity according to the definitions and time frames prescribed by the subskquent a
location phase.

2 Parts of thissection are based on our previous stutly Ve repeat here the basic properties of congestion

management in general and of the FBA approach in particularder 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 iteTWrariety of methods that can be used to
determine each applicantés share 0212 he tr

below.

3. After the transmissionapacity 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 Rietvardnt actions
(like opening of busbar couplers or the use of phase shifting transformers) as veel
dispatching, i.e. active modifications of the generation (and, eventually, load) patterns.

We conclude that

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

on the requirements defined by the allocatioethods and

e theimportance of phases 3 and 4 largely depends®nvay inwhich capacity allocation
is done. Tasks of these phases are captured in thahdayl congestion forecast (DACF)

procedure.

2.1.2 Range of capacity allocation mechanisms

A congestion maagement (CM) mechanism in the SEE regmuast be incompliance with
EU Regulation 1228/200f%] and the accompanyinmgM 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 or evaluation we assume that bilateral explicit auctions are established
at each border in the regidhen, further improvements are conceivable in two dimensions:
towards implicit (or hybrid implicit/explicit) auctions and towards regionabination(i.e.
multilateral allocation). Below, we discuss these two development paths with regard-to feas
bility/suitability and their impact on the economic benefit, since the increase of social welfare

Is the driving force behind any such developments.

Transition from explicit to implicit/hybrid auctions

With implicit/hybrid* auctions economic benefits arise due to the coupling of capacity and
energy markets (removal of sequencing inefficiencies)iaasl a consequenéethe possibi

ity to consider netting 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, & seem
little realistic to consider implicit/hybrid auctions as the primary goal for the development of

congestion management.

Transition from bilateral to multilateral auctions

Regional ceordination through multilateral auctions allows for economic beneditspared

with bilateral auctions due to the following aspects:

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

auctions, but in the near future aase bilateral explicit auctions will need to be established as mininoeum s

Iution to fulfil legal requirements.

“* AHybrido refers to a sequence of explicit auctions
auctions for dayahead allocation. @&n when implicit auctions are discussed one actually has thahdsgd

allocation stage in mind.

More precisely, implicit auctions allow for netting within the auction (i.e. during the clearing procedure),
while explicit auctions allow netting only lve¢en different auction stages, e.g. before-alagad 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 allocatioorganisational workflowsan be

harmonised and therefore simplified. This comprises for instance

o harmonised allocation procedure in the Veh@gion(single set of auction rules)
o harmonised deadlines (bidding, clearing, etc.)

o common IT interface

In bilateral auctions transmission capacity is expressed-oglEdl NTC or ATC figures
(net oravailabletransfercapacity). Thes@rescribe the maximum commercial exchange
between two neighbouring market areas. They 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, firther benefits can be achieved by introducing-aatedflow based capacity

model which describes the impact of exchanges betvadigrarticipating market areasm
all relevantpower flows in theegion With flow-based allocation (FBA}he allocatiorof
transmission rights to the respective borders can be optimised because the lodd flow e
fects of all potential power transmissions are known at the time of allocation (at least to a

sufficient extent).

Settingup a flow-based capacity model requires ajeeffort of all involved TSOs. This
implies a formakedand objective approach to capacity determination. Compared to the
bilateral negotiationsn the NTC approach the flowased approach significantiy-i
creases transparency, both among TSOs and tewaird parties such as regulatony- a
thorities and network users. Moreover, the consideration of the mutual impact of-all ma
ket areas on each other allows for a more informed and effective setting of the desired
network security level. These propertiestu flow-based capacity model provide for the

following benefits:

o

improved control of physical flows
o improved risk awareness

0 increased trading flexibility, becaus@ansmission rights can be obtained between non

neighbouring zones and need not to be h pabilateralcapacities

0 increase of social welfare and/or network security (depending on respective priorities)
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o full compliance with CM Guideliness- whict
sion model dealing efficiently with interdependent physicap-flows and havinge-

gard to discrepancies between physical an

A coordinatedmultilateral explicit auction hagewer requirements as to the maturity and
harmonisation of national electricity markets than an implicit auction. Nevestet is much

more complex than bilateral capacity allocation methods, e.g. in terms of technical procedures
and organisational as well as legald taxatioraspectsThis relates particularly to the flow

based allocatio(FBA).

FBA — a win-win approach

It is important to note that the idea of the flased capacity model in the context of fiault

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

Network users benefit from the increase process efficiency and from the figaiity of
capacities. For example, when bid prices are particularly high on a certain border, mere co
mercial capacity is allocated to this border, while capacity on other borders is reduced to keep
the network secure. This means that traders haeetdifluence on the total exchangd-vo

ume that is allocated to the individual borders.

Moreover,network users who want to sell power to a aogighbouring country can obtain
direct transmission rights between the source and the sink market areas.oidsstla risk

of bilateral auctions when capacity is obtained only for a part of the entire path between
source and sink areabhe direct transmission right between aragighbouring areas implies a
lower degree of optionality compared to the combinatibhilateral rights; this is rewarded

by the allocation algorithm through lower pri¢e®f course there is absolutely no obligation

to make use of the nameighbouring transmission rights. Traders who want to maintain their
flexibility can still obtain trasmission rights between neighbouring market areas amd co
bine them freely at the later nomination stage. Moreover, the concept can be implemented

®  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

Bul garia and Gr eece (imkingRomapiaand Greece). ficontract patho |
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with only limited repercussion on the scheduling procedurese . g . by introduci
[1, pp.24f].

TSOs gain better control of the flows in their gwithout losing their individual responsibi

ity for network securityAll flow limits are set by the individual TSO operating the trassmi
sion line or transformer in question. The relevant change is that these limits are jointly eval
ated and checked against the total impact of all exchanges in the region (not only logigveen
TSOandits neighbours).

2.2 MF approach

2.2.1 Introduction

The fAmaxi mum f | ocenétituedMdoncepafpr the det@rmination and apgplic
tion of a flowrbased capacity modal whichthe flow constraints of the transmission grid are
representedy the maximum activ@ower flow onindividual branches (i.e. lines or tian

formers)in base case armalitage topologies.

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

refer to B] and H], respectively.

More specifically related to the SEE regiohe tmotivation and idea behind the fldased
capacity modein general and th®F approach in particular agocumented in our previous
studiesfor SEE[1, 2].

In this chapter we briefly describe the technical fundamentals of the MF approachi- Specif
cally, wedefinethe various parameters and their interrelations. 3ihédl serveas a reference
for subsequent chapters referring to thikes and options for theéetermination ofvaluesof

these parameters.
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Note that the nomenclature has been modified comparél ito ¢rder to align the parameter
namesusedin the SEE and the CEE regiofee the respective flovbased allocation ¢o

cepts’

The SEE TSOs are regularly testing the MF approach during theirasb | ed A Dry Rur
these calulations, the majority of (but not all) SEE TSOs are modelleleBss 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 iikautd express

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

the course of this study.

2.2.2 General structure

The MF capacity model constitutes a set of linear constraints forming a part of the @ptimis
tion problen that is solved during the allocation process (selection of bids for transmission

rights). It has the form

PTDF. AE < AMF (2.2)
with: PTDF Power TransfeDistribution Factor matrix
AE vector of incremental exchanges between all pairs of market

areagforward and reverse directiondjie 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 topologyi(tical outagej.e. contingency of one or more other branchébjs

is the manifestation of the{h) network security criterion within the MF approach.

" This alignment refers to the definition of and most interrelations between the paramedees tot imply
any degree of similarity betwedime ways in which the values of the parameters are determined in the-respe

tvereg ons, which is under the respective TSOsd respon.
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The dimension ofhis equation iswice the number of pairs of market areas (each sesinge
pair in forward and reverse direction) times twilse number of cb/co combians (for each

cb/co combinationflow in forward and reverse directiof)

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

2.2.3 PTDF matrix

The PTDF figures regarding an exchange between market area A and market area B for a
critical outage ardefined as the ratio between an incremental b, .,on a critical branch
in a critical outage topology and the incremental power exchﬁEgAeB between two market

areas A and B that creates this incremental:flow

AF
PTDR P =22 (2.2)
EA—>B
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.
2.2.4 AMF vector

Introduction

For each pair of critical branatb and critical outageo, two AMF figures must be dete
minedi one for each flow direction. Ultimately, for solving the optimisation problem of the
allocation, these will be put in a single AMF vector (cf. é&jl)j having twice asnanyele-
ments as the number ob/co combinations. However, for the sake of clarity, the following

descriptions differentiate between AM&nd AMF for each ch/co combination.

8  Depending on the purpose oft he PTDF rbiadingareasohmar ket

the FBA or a larger set of areas, e.g. including those that are considered as sowteesalfflows.
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Total Maximum Flow (TMF)

The TMF is the maximum active power flow on a considered critical branch under cansider
tion of the voltage profile and the necessity to transmit reactive power (to an extent unknown
at the time of capacity lalkcation). Seed, pp.13ff] for considerations about the determination

of TMF.

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

Base Flow (BFL)

For yearly and monthly allocatiorhe BFL is the active power flow on a considered critical
branch after a critical outage, which would occur under the assumption that nédambss
exchanges between market areas modelled in the load flow mkegiltee. 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 througlomesticgeneration without additional import or export.

For daily allocation, BFL also contains thevflalue to exchanges that cannot be controlled by
the FBA (i.e. exchanges with and between +panticipating TSOs). Therefore, BFL for daily
allocation is the active power flow on a considered critical branch after a critical outage,
which would occur undethe assumption that no crelssrder exchanges between market

areagarticipating in thé=-BA take place

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

® Nevertheless, the calculation of TMF is based on the result of an AC load flow calculation in order to co
sider the voltage profile of the base case situation.
% This was previously called Natural Flow (NF).

1 This is discussed in detail in sectidr?.2.1
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Base Flow Reliability Margin (BFRM)"2

This margn (which has the dimension of an active power floggresents the uncertain flows
that are induced on the critical branches in$8E r egi on by -birdexda-er nal 0
changes. AExternal exchangeso here haAns al l

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

BFRM' and BFRM span the range of exterrfiadws on acb for a particularco that shall be
covered by the allocatiofp.e. the (A1) criterion shall be fulfilled for any actuakternal flow

within this range)

Flow Reliability Margin (FRM)

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 expli
itly and separately covered by the BFRM (see above), all remaining inaccuracies and unce
tainties are jointly covered by the FRM. This comprises linearisation errors, uncertainty of the
geographical distribution of load and generation within market areas, raams1in data and

measurements, etc.

Net Maximum Flow (NMF)

The NMF is the maximum admissible (i.e. compatible with security criteria) active power
flow on the consideredb for a consideredo resulting from all commercial transactions
among the systenyzarticipating in coordinated flowwased 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 gapacit
will be allocated), but it does not depend on any transmission rights that have already been

allocated in previous allocation rounds.

2 BFRM hast he function of theincertain Outside Flow (UOF) in previous descriptions of the MF approach
for SEE.
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NME,.,=TME—FRM,—BFRN],.,—BFL (2.3
NME,..=—TME+FRM,—BFRN],..—BFl.,, (2.4)

TMF and FRM are generally expected to be symmetrical for N&ttl NMF, whereas
BFRM may differ between positive and negative directbBFL is a netted flow and ther
fore affects NMF in an gsnmetrical way** Consequently, thabsolute valuesf NMF* and

NMF' in general differ from each other.

Already Allocated Flow (AAF) and Already Nominated Flow (ANF)

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

reserved fothe crossborder exchange of reserve power.

Under the assumption that auctions take place for yearly, monthly and daily (i.e. hourly)
timescales and thatllocated transmission rights must be firmly nominated prior to the daily
auction (i.e. not nominated capacity will be reallocated in the daily auctiesglled uset-
or-loseit principle'®), one must distinguish between potential and firm flows:

e When peparing 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 Allocatexl Flow
(AAF). Also any reservation of flows for potential use of crbesder reserve contributes
to AAF.

3 For instance, the bandwidth of external flows to be covered may rangeSédvtW to +120 MW, meaning
that positive external flows are more likely than negative ones, but negative flows uMWy 8&n anyway
occur with a certain probability. Therefordetabsolute value to be subtracted from TMF due to external

flows differs between positive and negative flow direction.

% This means that the allocable flow is decreased in the direction of BFL (because BFL utilisenttieat
direction), but increaskin the opposite direction (because flows in that direction can be offset against the
BFL).

> Technically equivalent to use-or-selkit, the difference being the commercial treatment of unused capacity
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e Prior to the daily auctionthe transmission capacity owners have nominated their
yearly/monthly rights to some extent. Given the firmness of this nommtta resulting
flows can be considered as netted, firm flows (similar to BFL). These flows are célled A
ready Nominated Flows (ANF). If capacity is reserved for ebussler reserve, this is still

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

Hence AAF may exist at all auction rounds (but with dédfé amounts), whereas ANE

only relevant for the daily auction.

Available Maximum Flow (AMF)

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

round.
AM I_E:)co =NM chl-nco_ ANE:bco_ AAE;)CO (25)
AM I_Erbco =NM Fc.;nco_ ANE:bco_ AAEE)CO (26)

Note that ANF isa netted, firm flow affecting AMF in an asymmetricay (i.e. ANF n-
creases AMF in one direction and decreases it in the opposite direction). In canthast
AAF is a bandwidth of potential flows, leading to a reductioAMiF in both directions.
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3 Analysis of MF Approach technical parameter calculation

concept

3.1 Overview

The topic of technical parameter calculation concept contains a number of aspects that will be
discussed in the following sections. TaBlg& gives an overview of the considered topics and

provides informatioraboutwhich properties of the concept are affected.

Aspect Relevant for
Improvement of UOF concept Balance between network security and
Avoidance of negative AMF amount of capacity

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

Common load flow model

: : Technical accuracy
Consideration of generator outages

Balance between effort, transparency,

Feasibility ofFBA at different time horizons : L
economic optimality

Application of MF approach when some TS

do not participate iFBA Options forFBA evolution

Table3.1: Overview of considered aspects and relevance for calculation concept

3.2  Adjustment of balance between network security and amount of

capacity

3.2.1 General Considerations

The existence of very small or negative AMF figures has the consequence to highbr limit
even impede the allocation of cressrder 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 e@nttwork situatiorfsuch that
the limitation of allocation would be justifiedy the consequence of data or model inacur

cies.Given that the capacities allocated in the Dry Run so far were often lower thaathe ¢
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pacities allocated in the real (NTC bdpauctions, there is some expectation that it could be
possible to increase capacity (by avoiding negative AMF) without jeopardising netwark sec
rity. In this context, particularly theoncept of the Uncertain Outside Flows (U&H3 be-
lieved to bear potdial 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 AM®F (fig. 3.1). This wouldconstitue the avalr

able flow under the assumption that external flowsneededto be covered by the UOF
margin(UOF =0 MW).

For the majority of cb/c@ombinations therare high UOFs when the resulting AMFs are
negati ve. Furthermore, the AMF -UODGO)edr enpos

tive for almost all ch/co combinations.

Of course it is not admissible to completely neglect UOF. But nevertheless, this airajple
sis shows that the UOF figurese the main driver for the existence of undesired negative
AMFs.

The calculation of UOF figures is based odeterministicconcept, and the parameters a
plied in the Dry Run constitute worsase assumptiort$.Consegently, we analysed means

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

' |n the description of the flow based approach in se@i@UOF have been replaced by BFRM (as a eens
quence of the analysis in this chapter). Hence, 28) é&nd @.4) show how UOF/BFRM directly influence
NMF and, ultimately, AMF.

" Notethatingpr evi ous study we recommended -t or cern sdddeh a mged

p. 44] instead of worst cases in order to avoid an overestimatitte UOF figures. In the practical apalic
tion of the Dry Run, however, it has turned out to be difficult to find acceptable parameters other than the
worstcase assumptions. Hence, UOF as practically applied in the Dry Run cover the worst casesafditio

exchanges between Dry Run participants and neighbouring TSOs.
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between external TSOs by introducing grebabilisticBFRM concept This concept and its
application are described in the followisgcton 3.2.2

AMF/UOPoN selected cb/co combinations (monthly auction April 2008) AMF/UOPoN selected cb/co combinations (monthly auction June 2008)
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-400 400 || ||
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AMF/UOPoN selected cb/co combinations (monthly auction October 2008)

400
MwW
200
AMRUOF
| I
-200 - 7 \
UOF
AMF

-400
-600
-800

cb: HZERIJAIHZERJA2  cb: HPEHLISXPE_DI21  cb: HZERJASHMRACL2  cb: HPEHLISXPE_DI21

co: HTUMBRE=HZERJALco: XME_DI11%HMELIN co: HTUMBRE=HZERJAL co: base

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

However, in some cases the AM¥ould 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 discussedsaction3.2.3.

3.2.2 Base Flow Reliability Margin (BFRM)

3.2.2.1 Calculation algorithm

Within the dry run, the SEE TSOsveso farapplied the deterministic UOF concept in order
to cover the uncertainty of flows on critical bciwes caused by external exchanges (EE)
betweenFBA participants and external TSOs and among external TSOs. The chsept
been applied usingiorstcase assumptionge. themaximumamount of bilateral exchange

with and betweerexternal TSOs. Thereforehe UOF conceppractically leads to rather
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restrictive margins and hadten 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 stasstical a
sessment of histw bilateral exchange programmes. These time series serve to determine
frequency distribution®f the external flows (EF) on critical branches (for the respdgtive

considered critical outages) due to external exchangeS.djg.

Input data: external flow (EF)=f(historic external exchange )
I historic

B dry run

3 Y/M: PTDF matrix of
current auction round
D: PTDF matrix of

sample time slot

Difference between

critical branches/outages

Dand (D-1)
Assessment:
YIM frequency distribution frequency distribution
D .~  absolute EF incremental EF

EFcontained in CLFM of (D -1) constitutes
reasonable expected value for D

Expected value to be considered as firm
flow within AMF determination

A only variation of incr. flows between D
and (D-1) to be covered by margin

A variation around expected value to be
covered by margin

Fig.3.2:  Overview of probabilistic BFRM concépt

The determination of the frequency distribution of EF depends in somesspdtie consk

ered time horizon.

8 For the sake of clarity, f) 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 hobdayk)s does not affect the

concept.
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Daily auctions

For the daily allocation, the idea behind the assessment is as follows: The common load flow
model (CLFM) is prepared on-B on the basis of the DACF models foreference day, e.qg.

D-1 on weekdays and 43 on weekend daysThus, the BFL contains the actual EE foe
referenceday?® 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 similabtd). In statistical terms, the EE dhe refe-
enceday constitute the expected value of the EE on D. Consequently, the rangeesf incr
mental changes of the EF between t(og. subsequentdays has to be covered by the

BFRM. In the following, this incremental approach is expressed by using thaE#m

Thedetermination of the daily BFRM starts with an objective statistical assessment of historic
AEF. By multiplying the incremental external exchangEHK) between subsequent days with
the PTDF matrix of a sample time slot, a frequency distributioAER (for each critical

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

AEF = PTDF * AEE (3.1

The frequency distribution ofEF for all critical branches cahen be used as the basis for

the TSOs6 (necessaril y sThbjomcootriskvcenjrol yewsi si on
ducing a specific BFRM level is discussed in sec8dh2.2 while an analysisf the pota-

tial impact of different BFRM assumptions on the allocation regsligresentedn sec-

tion 3.2.2.3

Within the determination of AMF figureer daily allocation BFRM is split into BFRM and
BFRM, where BFRM covers the positive range of the frequency distributionEff, while
BFRM  coves the negative part of the distribution, i.e. BFRI® always greater or equal
0 MW and BFRM is always less or equalNdW.

Yearly and monthly auctions

The EE contained in the CLFM for Y and M auctions do not constitute the expected value of
EE for the aagtion horizon. Given that the CLFM is based on some reference case or an older

Y 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 modetsust bedeemed a random asspim
tion andhenceshould be ignored.

Like for the daily allocation, the determination of the YBRRM can be based on an abje

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 deterbsolute 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 E€anbe calculated on the basisaotample®TDF matrix e.qg.

the oneof the current auction round.
BH—PTDR~HEE= (3.2

Like for the daily BFRM, the frequey distribution of EF for all critical branches and -out
ages can be used ashe basi s for the TSOs6 (necessar.i
BFRM (cf. sectiors 3.2.2.2and3.2.2.3.

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
BFRMigh, an on the other hand the range of EF less than E(EF), expressed agBFRM
figures for BFRM+ und BFRMto be taken into account within the determination of AMFs

are calculated as follows:

BFRM* = E EF +BFRM,,,, (3.3)

BARVI =E BF —BFRV,, (34)
BFRMignt and BFRM are always positive, hence, BFRMnd BFRM can be positive or
negative, but BFRMs always less or equal BFRM

Fig.3.3 Iillustrates the aforementied relations of the parameters for daily and

yearly/monthly auctions respectively.
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a) daily auction b) yearly /monthly auction

occurence occurence
A A

BERM BFRM BFRNL;

EWEF) AEF E(EF)

BFRM

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

3.2.2.2 Transition from UOF to BFRM: Exemplary analysis

There are two main differences between the UOF and BFRM cofiice[@.4). The first one

is that with the BFRM concept the combined impact oeaternal exchanges is detened

while the UOF approach considers separate boundaries concerning the minimum and max
mum amount of each individual external exchange. As these minimum/maxirunanges
normallydo not all occur at the same time, the BFRMaapt offers potential for the reciu

tion of the margin as tbjectivelyconsiders the temporal correlation of externahanges.

The second aspect is that the minimum/maximum boundaries of external excimatiges
UOF concept constitute worsise assuptions. In contrast to that, the BFRM concept-pr
vides objective information on the probability the warases occur by determining the-fr
quency distribution of actual historic external flows. Consequently, the BFRM contept e
ables the TSOs to controlehisk level. In case some residual risk is accepted by thecrespe

tive TSO, the margin could be reduced with the result of a potential capacity gain.
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UOF

separate max/min assessment of
boundaries for combined impact of
individual external all external
exchanges exchanges
min/max constitutes frequency

worst case distribution of

assumption
how probable each
level of external

flows occurs

Objective
information

Fig. 3.4:

external flows shows

BFRM Potential for reduction
of margins

min/max exchanges do
not occur at the same
time A reduction
because BFRM consider~
the correlation

BFRM allows to assess
the capacity gain if some
residual risk is accepted
(note: min/max is
included o special case of
zero risk)

Objective
information

Subjective, but
transparent TSO
decision based on
objective information

Overview of main differences between UOF BR&RM concept

The determination of frequency distributeoaf 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 pessithin 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 accouhe impact of two external exchandgeslUA HR and a fiat

tious one generated by iison the critical branch XPE_DIZLHPEHLI21, where the base
topology has been consideréthe 100 time slots were selected from the entire year 2008
such that they represethte 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 asstinfi@lowing current Dry Run practice 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 a

sumptions this would lead to a range frebf7d8 MW up to +400MW of external fows to be



consenTeCc/ APCSCONSULT  Final report for ECS30 Novembe2009 23

covered by UOHKTig. 3.5 a, total of individual maximum and minimum values of external

flows, respectively

These boundariedecreassignificantly when considering the temporal correlation of external
exchamges with the BFRM concepEor example, in the very hour when one external e
change (and, hence, the external flow that it creates) reaches its maximum, the level of the
second external exchange mayrbhatively low, and vice versa. In order to take actonf

this correlation,the external flows created by the two external exchange directions are
summed up for each time slot, and thastal external flows are further consideréal this
example, the maximum range of external flows to be covered by thginma between
-160MW and +358MW (fig. 3.5 h).

a) b)

EFon branchXPE_DI21,HPEHLI21 (base topology) EFon branchXPE_DI21,HPEHLI21 (base topology)

500

500

'Xlgg EE auLiLOR §§E£ i%zg\ﬁh =400 MW ':{Igg A Egu‘ﬁgrlilg)\afnudmﬁgitiors EE 2?:&:‘:312%%\/\\//\/ L
300 UOF= 21 MW =-178 MW | 300 '\ | A | | /
\
e I LR o R PN  bi
100 AT THA AL ARSI \ [TAANN 100 l / A l
o | WHIHTT ettt o LTI \VI\VI VULALERY VA

-100 —- -100 V | U V V V\‘ v ! VV '/
20 100 time slots—— 0 100 time slots——
Fig. 3.5: From UOF to BFRM Takingaccount of the temporal correlation of external

exchanges

Additionally, whenapplying the BFRM concept the TSOs are able to control the risk level by
means ofa statistical assessment of the frequency distribution of EF. In the example, we
assume that th€SO decides to cover the range of external flows between #eafh@ 906
guantiles of the frequency distribution and would accept the residual risk in case that the

actual external flow would be outside this bandwidth @ig).
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Fig. 3.6: Exampleof risk control by statistical assessment of frequency distribution

These considerations would lead to a fartreduction of the range of external flows to be
covered by the margirBERM' = -90 MW to BFRM" = +313MW). Compared to the initial
UOF figures this means a reduction by more tha863@vhich notably increases the AMF

figures and could result in a sigmifint capacity gain.

3.2.2.3 Influence of different network security levels on allocation results

In the previous section we discovered that the introduction of the BFRM concept to cover the
uncertainty of external flows coyldn principle, helpavoidng 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 additio 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-diffe
ent BFRM assumptions. As robust BFRM figsirare 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:
e BFRM = 100% UOF
e BFRM = 80% UOF

e BFRM =60% UOF

























































































































































