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Real gains from flow-based methods for
allocating power transmission capacity
In Europe

Vincent Rious, Philippe Dessante

Abstract— This paper aims at understanding and assessingeh
main methods proposed by ETSO and EuroPEX [1] to die and
allocate interconnection capacities in Europe. We auel these
methods and evaluate their technical and economidfigiency on a
7-node network. We find first, that, unsurprisingly, the allocation
methods are all the more efficient as the Kirchhofflaws are
integrated more precisely in the market clearing. 8cond, and
more surprisingly, we find that the zonal vision of the grid
considered by all these methods has important corggences on
the technical and economic efficiency as it may caa the capacity
limits of powerlines to be exceeded.

Index Terms— Electricity, Transmission Capacity Allocation,
Market Coupling, ATC-based, flow-based.

I. INTRODUCTION

based allocation method is publicly available, @tctheir
literary descriptions by ETSO and EuroPEX [1]. Setavhat
are the real gains of the flow-based allocation hoet
compared to the current ATC-based method? The &entr
Western European TSOs and PXs have already comffzged
ATC- and flow-based allocation methods [4]. Thislpninary
evaluation results in a quite paradoxical conclustbe flow-
based method might be less efficient than the oturfd C-
based method.

To answer these two questions, we propose to model,
evaluate and compare the ATC- and flow-based method
described by ETSO and EuroPEX [1]. Modelling these
methods prompts us to enter in the intimacy ofrttlesign. As
a consequence, we can better know the steps needéé
different methods to define the interconnection acaty.
Moreover, these models allow us to compare the Aai

HE interconnections are fundamental for the EurnpedlOW-based allocation methods, not only measuringia
power market as they are the easiest way to stimulavelfare but also checking that these allocationhwes respect

competition between incumbents [2]. That is why T®Os,
following the intention of the European Commissf8h have
proposed the concept of flow-based allocation nebttiat
should allow the market participants to use trassion
capacities closer to their physical limits. The kearcoupling
in Europe currently relies on the concept of AvalgaTransfer
Capacity (ATC) where the physical Kirchhoff lawsear
partially ignored. This assumption generally prasefrom
using all physical interconnection capacity and fsom
benefiting from more competition and efficiencytire power
market. Some TSOs in the Central Western Europe fa
implement in some years the flow-based allocaticethad.
This method should overcome the inefficiencies ltggufrom
the concept of ATC as the market for power with tlosv-
based allocation method is cleared taking into aeto
explicitly the Kirchhoff laws.

The introduction of this new flow-based conceptilocate
transmission capacity in Europe nevertheless raigsesmain
questions. First what is precisely the flow-basddcation
method? Indeed, currently, no model of either ADECflow-
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the physical limits of the power grid.

The aim of this paper is twofold. Firstly this papeoposes
models for the ETSO-EuroPEX methods for definingl an
allocating interconnection capacities in Europecaddly this
paper assesses the differences of these methofilenia
conceptual point of view, from the point of view @b
2° technical and 3° economic efficiency.

This paper is organized as follow. In section Il present
the assumptions and data we will use to evaluaeEthSO-
EuroPEX methods. In section lll, we present andyaeathe
similarities and differences of these methodsektien 1V, we
model these methods and evaluate their technical an
economic efficiency. Section V concludes.

Il. ASSUMPTIONS AND DATA

A. Assumptions

In this paper, we use the five following technical
assumptions. 1° The DC approximation is used toutaile the
power flows. 2° We don’t consider any N-1 or N-kteria.
3° We focus only on day-ahead exchanges for cdingla
cross-border capacities. 4° We assume the TSOgeafectly
coordinated mimicking a unique TSO for the operatd the
whole interconnected network. Therefore we testy ahie
efficiency of each congestion management scheméVes®



work with a perfect knowledge of the available lrapacities
and of the generation and load schedule establifefore

day-ahead. We make also the two following economi

assumptions. 1° The transmission capacities arecea#d
jointly with the market clearing through an impfici
mechanism. 2° Neither TSO nor generator have maider.

B. Network for simulations

To evaluate the ETSO-EuroPEX congestion manageme

schemes, we use the network already described inejéause
the authors used this network too in order tottestefficiency
of different congestion management schemes. Thiwonk
with 7 nodes and 10 lines is cut out in 3 zoneledrated in
Fig. 1. The capacity of each powerline is 100 MW.

The generators are connected only to nodes 1,3a#d 7
Their cost functions are the same ones as thoskingg]. A
load is connected to each node. We assume thabtisamers
are not elastic to price. Table | describes themsamption.
Total demand in zone 1 (respectively 2 and 3)és tB30 MW
(respectively 170 MW and 530 MW).

TABLE | NODAL LOAD

Node 1 2 3 4 5 6 7

Loac (MW) 12t 115 17C 90 165 19C 25¢

C. Base case

Generation and load scheduled for every node befaye
ahead and the resulting line flows describe thee lmse. A
physical margin can then be calculated for eacté &s the
difference between the line capacity and the base €low.
We decide here that the base case corresponds titdlation
where the market equilibrium is obtained considgreach
zone as isolated, that is to say that there is araneercial
cross-border exchange (see Fig. 1). Then the mprkads are
respectively in zone 1, 2 and 3, 31.5 €/ MWh, 39\\Eh,
and 63.5 €/ MWh.
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Fig. 1. Base case to test the ETSO-EuroPEX methods

D. Benchmark: nodal pricing and optimal network use

To know the optimal use of the network infrastruet) we
consider the equilibrium of a nodal market (see E)g

Line 3-6 is congested. Zone 1 is then exporting U9Y,
zone 3 importing 186 MW and zone 2 is slightly impa
5 MW. The social cost is then 30403 €.
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Fig. 2. Optimal use of the network with nodal pri¢

1. METHODS TO CALCULATE EXCHANGE CAPACITIES

In this section, we present the three main ETSMEEKX
congestion management schemes (over the five ones
proposed). We identify their similarities and thdiiferences.

A. Presentation of the ETSO-EuroPEX methods

The first main method presented by ETSO and EuroREX
Available Transfer Capacity (ATC). To ensure sdygurhis
method applied on a meshed network takes into axtcie
possible impact of unidentified powerflows resudtiby the
Kirchhoff laws from transactions between other nearkones.

It forces the TSOs to display small cross-bordgpacéies
compared to their optimal values considering thestmo
constraining situation. This method is widely usadinstance
on the French borders with Belgium, and Germany [8]

The second main method exposed by ETSO and EuroPEX
is “Combined ATC”. This method consists in deterimin
some ATC for exchanges related to several bordEinss
definition allows to offer more important cross-ter
capacities to the market than with the previoushoet The
Combined ATC method is used for instance in Gernvetmgre
there is a joint limit on the exchanges with France
Switzerland, and the Netherlands.

The last main method exposed by ETSO and EuroPEX is
exclusively flow-based. The Kirchhoff laws are awily
considered in the market clearing. It is the Caiti@ranch
flow-based method. In this method, the constramnsthe
network are not aggregated on the border. Some real
powerlines and their physical limits are includedhe market
clearing because they are critical branches fosszbmrder
exchanges. This method for defining the exchangeadites is
currently under study in several regions in Eurbpeause it
could offer a maximum of cross-border capacitiesilevh
ensuring a high level of security for the powertsgs

B. Similarities and differences in the methods

The methods exposed by ETSO and EuroPEX to define
cross-border capacity have differences and sirtidari
Identifying them is needed to design an analysisiéwork for
evaluating these methods in similar conditions evhil
respecting their particularities.



1) A common point for all the methods from ETSO-EuPE that observing contractual congestion in the madtearing
the zonal approach corresponds to real physical congestion. An emathe GSK

All the ETSO-EuroPEX methods are zonal congestiomatrix can imply an over- or under-use of the nekaguring
management schemes. However, it is the nodal degehh contractual congestion. The accuracy of the GSKrira
modification of the generation pattern that create®ugh the also critical for the efficiency of the Europeanngestion
Kirchoff laws, additional power flows to the basase ones. management schemes. This point is all the morentskehat
To calculate the cross-border capacities in the &TSthe regulators may face an asymmetry of informatton
EuroPEX methods, it is necessary to set an assompti how evaluate the accuracy of the GSK matrix as the TB@s&

the day-ahead increase (respectively decreaségafdnal net
exports are distributed and created by the indalidacrease
(resp. decrease) of generators in each zone.

The nodal sharing of the modification of net expafreach
zone requires to define a matrix call@@neration Shift Keys
(GSK). This GSK matrix has raws andz columns, where is
the number of nodes on the network andhe number of
market zones cutting out the network. The transposatrix in
Equation 1 below gives approximated GSK values ftbm
base case to the optimum both presented in Il. BVl use
the values in the rest of this paper.

The meaning of the GSK matrix is the following ohet
consider the first raw of this transposed matrixhei there is
a change in the net export of zone 1 (for instaarténcrease
by 100 MW), 45% of this zonal change comes fromegator
at node 1 and 55% of the zonal change comes frorargtor
located at node 4. This rationale extends to theratones.

4% 0 0 5% 0 0 O
GX'=| 0 010006 0 0 O O 1)
0O 0 0 0 50% 0 50%

discretion on setting this matrix.

2) Differences between the ETSO-EuroPEX methods

Besides the characteristics that make each metifiededht
from each other, one particular characteristic vadlous to
classify the ETSO-EuroPEX methods in two categpfdéghe
ATC-based methods, and 2°the flow-based method.
Obviously, for the two methods namely ATC and Camebli
ATC, the cross-border capacities are defined rghon the
concept of ATC. The other method we study in thapqr is
the Critical Branch flow-based and as so is classifn the
flow-based category. This difference is importastduse it
will force us to model differently the cross-bordetchanges
for these two categories. For the ATC-based methwdause
a classical equation for any transfer of mattemater or gas)
to link the net (nodal or zonal) production witheth
interconnection flows. For the flow-based methoe, rgsort
on a PTDF (Power Transfer Distribution Factors) rirahat
links the net (nodal or zonal) production with ft@vs on the
network lines or interconnections.

The other differences among the ETSO-EuroPEX meathod
make them different from each other. The two ATGduh
methods are different because different assumptoesused

ETSO and EuroPEX formalise the concept of a GSKimat 1q calculate the values of ATC. 1° The ATC are chited

for the Critical Branch method only. At the sammdj the
GSK matrix generalises two approaches already expby
ETSO in [6] to calculate ATC. In these two apprasshthe
ATC were calculated assuming that the variatiozafal net
export was proportionally distributed on the getmaeither
related to their remaining generation capacitiesedated to

the power they already generate. The zonal apprasch
common to all the ETSO-EuroPEX methods. Then, th

concept of GSK or a similar one is needed fortadl methods,
even if ETSO and EuroPEX do not explicitly formelahis
need. With the GSK matrix, one can then estabfi3tbétween
the real PTDF matrix and a zonal PTDF matrix reftecthe
definition of market zones.

PTDF,gna= GSK* PTDF,oqal 2

The GSK matrix may vary between two exports situredi
For instance, between two very different exporatibns, one
can expect that more generators will participatdésituation
where the export value is the highest. More genesatvill
then be considered in the definition of the GSKrirah this
situation.

A precise evaluation of the GSK matrix is then famgntal.
Indeed, if the GSK matrix is wrong, the TSOs canemsure

assuming that the available physical capacity arhdime is
equally shared among the exchanges between adjacees.
2° The Combined ATC are calculated giving priotitya zone
for export. 3° The Critical Branch flow-based matho
considers the constraints on each individual line.

IV. MODEL OF THEETSO-RJROPEXMETHOD

€ From the similarities and differences of the ETS@EPEX
methods, we can now develop a standardised modie alko
integrating the particularities of each method. fiv& model
the ATC-based methods and then the flow-based ones.

A. A uniform model for the ATC-based methods

Equations (3) to (5) model an implicit ATC-based
congestion management scheme.

min 'C,(aP) 3
i thebids
Ozzone) AR +>'T, =0 (4
S. t. i0z Z
0(z, Z) acoupleof zones— ATC,, <T, < ATC, (5

Equation (3) is the objective function minimisinoc&l cost
resulting from the change in generation patterarafte day-



ahead market clearing. Equation (4) illustrates ¢logality
constraints for each zone. The change in the nebrex

situation of a zonez is equal to the sum of cross-bordetthan thez zone are calculated considering that the export

exchanges with the neighbouring zomésAnd Equation (5)
stands for the ATC limits.

zero as a maximal value for some cross-bordersagxges.
The ATC corresponding to the exports from the zatasr

exchanges from the priority zomenust always be able to flow
through the network. The export exchanges from zoaee

The different ATC-based methods have in common thlen included in a base case specially used tailesdc the

three following steps of the calculation of ATC. A°nodal
base case for generation and load allows to caéctitee base
case power flowr;° flowing through the line between nodes
and j. Only a subset of lines that may be congested
monitored. 2° The TSO must estimate the GSK ma®&ixThe
coefficientPTDF; ., defines the additional flow on ling for
an exchange between the two zomemndz'. Ref. [7] shows
that the capacity really availablg;,,"* ®‘on line ij for an
exchange between zoreandz’ is given by:
Fizz'™ *" = (F"™ - signPTDF;.,) F;°) (6)
The different ATC-based methods are then charaetiipy
the assumption used to share the available capatithe
monitored lines among the different cross-bordeherges.

1) ATC

The first ATC-based method that we study diffemfrthe
other ATC-based methods by the following assumptibe
available physical capacity of each powerlipeis equally

ATC from the other zones. It may then be needagive each
zone a priority. We then realise the same procesthea one
described here.

is
max)_ ATC,, (10)
t Ol line,|PTDF, ,,ATC,,|< ™ (11)
s. t. _
0z'zone ATC,, =2 ATC," (12)

These iterative choices of priority for export frothe
different zones are similar to define approximatealyzonal
merit order. The zone with the highest priority érport is
supposed to have the smallest price, etc. If thiserl market
equilibrium is to far from the estimation of therab merit
order established while computing the Combined AitGs
possible to have a contractual congestion whilentitevork is
far to be physically congested. To overcome thiicdity, it

is possible to calculate every set of Combined ATC

anticipating every order of priority for export fro the

shared among thé different cross-border exchanges thatifferent market zones. Each set of Combined ATQldi¢hen

influence the flow on this line [8]. Ref. [7] preds this
method and we recall it with the three followingiations.

Fizz"*% = (Fy™- signPTDF; ;) F;°)/k (7)

Exzz‘,ijmax: (Fijmax' Sign(PTDFlj,zz') Fijo)/(k- |PTDFiJzZ|) (8)

ATCZZ’ = min{(FijmaX' SignPTDFlj,zz') Fijo)/(k-IPTDEj,zz’l)y ”}
9

be tested while calculating the market equilibriamd the
retained set of Combined ATC would then be the whieh
maximises the social surplus.

A major difficulty still remains in this method. lis a
problem that the TSO as a monopoly has to anteiplat¢
market outcome through the priority order of expfdm
zones. Even if the TSO is regulated. Besides,nbtssure that

WhereF;,,**'***is the available physical capacity on linethe TSO himself wants to do this work: it is outhi§ core

ij for exchanges between the zomesdz’ in this method

Equation (7) mathematically expressed the aboveiored

business and it places him in a delicate situatisra-vis the
network users.

assumption. Other things equal, (8) gives the makim B. A uniform modelfor flow-based methods

exchangeEx,, ™ between the zoneg and z' that can

Equations (13) to (15) model an implicit flow-based

constrain lineij (while assuming the other lines cannot b&ongestion management scheme.

congested). Eventually, (9) gives the valueAdiC,,, which is
the minimal value oEx,, "

capacity of line to saturate the interconnectiong unlikely

as soon as a line is constrained.
Because of the assumption about sharing the alailab

min Y'C(aR)

i thebids

AP =0

(13)

(14

that a line be really congested when the crossdrords.t.< i

exchanges reach the limit set by these ATC.

2) Combined ATC
The Combined ATC stands for a whole family of ditiom
of ATC-based cross-border capacities. We preserg he
example where the Combined ATC are defined to migeinm

Ol lineor border - ™ < PTDF, (P +AP]< F™  (15)

Equation (13) is the objective function of our peoh.
Equation (14) illustrates the global equality coaistt between
generation and load. Equation (15) expresses thetmints
on flows. The different flow-based methods diffeorh each

priority the exports of a given zore For this zone, we then other depending on the form of this last equatidrene flows

compute the optimisation described by (10) to (12).

can be considered aggregated. However, we cortsideronly

ATC,,™ is a minimal value that can possibly be imposed Ofhe Critical Branch flow-based.

some borders because it can be politically diffital present



1) Critical Branch flow-based method
Contrary to the other ETSO-EuroPEX methods, théidati
Branch method distinctively considers the constsaom the
individual lines. As a result, in this method, #és no need to
define aggregated transmission capacity. However,isi
assumed that the influence of generation on flewonal, like

The zonal market prices are then 1° 35 €/ MWh, 2€/B88Wh
and 3° 58 €/ MWh. These prices are quite differentf the
optimal prices that are at maximum 52 €/ MWh.

The flows resulting from the market outcome domwngest
the power lines. This is because of the sharinginagson.
The physical congestion of a line can then happgn ib the

in the other ETSO-EuroPEX methods. The TSOs thanarket simultaneously requires that every exchaajerates

compute a GSK matrix. One can then model this niethdy
changing (15) by (16) in the uniform framework fbe flow-
based method that we presented just above.

Diinel, [PTOR™*|dGSK dR,..+aP] < F™  (16)

The constrained lines being explicitly identifiecvas three
main advantages to this method. First, there isneed of
assumptions to anticipate the use of infrastrustaier the
market clearing, neither through a sharing assumptior

this line. This situation is very unlikely as th&@ are limited
as soon as the first constraint is reached. Inaase, it is
possible to congest physically only line 6-7.

Since there is a difference in zone prices whertbas
network is not congested, the market outcome i®sirinal
with a social overcost of 1794 € compared to thémam
with nodal pricing.

B. Combined ATC

We evaluate in this subsection the combined ATChoubt
applying the model of IV.A.2) to the base case linWe

through an assumption about the market outcomdf.itseassume that the TSO sets a minimal value of 1 MG, 3

Second, this method is more transparent than ther &TSO-
EuroPEX methods because the constraints are no¢gaggd.
Lastly, as this method is very close to nodal pggiit should
lead to a more efficient use of the network, altfiothe effect
of the zonal view must be evaluated on economicieffcy
and on network security.

V. EVALUATION AND NUMERICAL COMPARISON

and ATG.,. We then obtain the values of ATC in table Il
assuming that zone 1 has priority for export. THeCA; and
ATC;, are null because some lines are already congésted
the priority exchanges.

TABLE Ill VALUES OFCOMBINED ATC WITH PRIORITY TO ZONE1
ATC| 1-2 | 1-3gwael 2-1 | 3-1

3-2
MW | 7 | 17€ jmi 0|0 1
Line with contractual congesti | 3-6 | 3-6 =il 3-6 | 6-7 IES

Now we evaluate the ETSO-EuroPEX methods that we

modelled above. First, we verify that the flowsuléag from

the market outcome respect the real constrainfsoaerlines.
Second, we measure economic efficiency throughstieal

cost on the network presented in Il. When neededuse the
GSK matrix presented in 111.B.1.

This section is organised as follow. Each subseditadies
each of the three main ETSO-EuroPEX methods. Waulzdé
a) the exchange capacities, b) the market equitinriand
c) the real powerflows resulting from the marketcome.

A. ATC

We evaluate in this subsection the ATC method apgly
the model of IV.A.1) to the base case in Il. Tocaddte the
value of ATC on this system (see table Il), the gitel
available capacity on each line must be sharedhecause the
flow on each line is influenced by three exchangesr
instance, the flow on line 6-7 from 7 to 6 is ikfhced by the
cross-border exchanges from 1 to 2, 2 to 3 and B tAs a
consequence, when the maximal values of ATC arehezh
the contractual congestion of a line means that arthird of
its available capacity is congested.

TABLE Il ATC VALUES

ATC|1-2]|1-3|23|21|31]|32
MW| 4 | 60| 1| 83] 1| 39
Line with contractual congestigré-7 | 3-6| 6-7| 1-3] 6-7 3-

When the above ATC values are transmitted to thekeha
the exchanges are constrained by the ATC 1-2, Gel32a3.

When the above ATC values are transmitted to thekeha
the exchanges are constrained by the ATC 1-2, tel32a3.
The zonal market prices are then 1° 41 €/ MWh, 2EADWh
and 3° 48 €/ MWh. These prices are quite close ¢opttices
from nodal pricing. Moreover, line 3-6 is the ordpe to be
congested. The market equilibrium with the CombirddC
with priority to zone 1 is very close to the optimuvith nodal
pricing because the social overcost is only 9€.

If now, we assume that the TSO makes a mistake in

anticipating the market outcome, he may give pgotd
export from zone 2. Table IV then gives the newugal of
ATC. The priority given to the export from zone the
possible exports from zone 1 are smaller.

TABLE IV VALUES OFCOMBINED ATC WITH PRIORITY TO ZONE2
ATC| 1-2 3-1

1-3 Ry 2-1 3-2
MW | 7 | 48 |l 247| O 1
3-6 BEEN 1-3 | 1-3 BB

Line with contractual congesti | 6-7

When the above ATC values are transmitted to thekeha
the cross-border exchanges are constrained by e B2,
1-3 and 2-3. The market price of each zone is then
1° 34 €/IMWh, 2° 39 € MWh and 3°59 €/ MWh. With this
market equilibrium, no line is congested. This écduse the
priority is given to the export from zone 2 whilene 2 is not
the cheapest one. We obtain similar results if z8nbhas
priority. Since there is difference in zone pricelsereas the
network is not congested, the market outcome i®sirinal
with a social overcost of 2069 € compared to thémam




with nodal pricing. The performances of the Comdi#erC
method then depend a lot on the assumption giviiggity to
a zone for export.

C. Critical Branch flow-based

We evaluate in this subsection the Critical Braffichv-
based method applying the model of 1V.B.1) to thsebcase
in Il. With this method, we obtain the following @ljbrium
prices, 1° 42 €/ MWh, 2° 39 €/ MWh, 3° 48 €/ MWh whiehe
quite close to the prices with nodal pricing. Therket
equilibrium is close to the optimum with nodal jmig because
the social overcost is only 17 €.

Line 3 to 6 constrains the cross-border exchangese 1
exports 191 MW compared to base case (where tlserm i
cross-border exchange). Zone 2 imports 8 MW. Andez8
imports 183 MW. The flow on line 3-6 is higher théme
maximal capacity by 0.3 MW. The flows can exceed Ithit
of capacity because of the zonal approximationdbasists in
estimating the GSK matrix.

The GSK matrix is only an estimation of the papation of
generators to the variation of the net export sitnaof their
zone. Once the market equilibrium is establisheth whe
Critical Branch flow-based method, it is possiblett the
realised participation of generators to the netoeixdoes not
correspond exactly to the anticipated GSK matrix. this
situation, the application of the inaccurate GSKrixalistorts
the capacity constraints in the Critical Branchwflbased
method. Estimating precisely the GSK matrix coroggfing to
the reaction of generators to the market pricaes important
so that the network security can be respected télCritical
Branch flow-based method. Otherwise, the TSO mase lia
redispatch generation in real time. We haven't sé@n
problem for the other ETSO-EuroPEX methods becdhse
constraints are not so tight in the other methods.

The Critical Branch flow-based method has also th@]

advantage to reveal precisely where the constrdined are
on the network because the limits on the lines directly
transmitted to the market. The TSOs and the regdatan
then directly target their actions toward the linbsat are
identified as the ones constraining the cross-bbaegehanges.

Nevertheless, the Critical Branch method has simild’)
drawbacks compared to the other ETSO-EuroPEX msethod

First, it is always needed to anticipate to someemxthe
market equilibrium in order to insert in the CriticBranch
method an accurate estimation of the GSK matrigo8e, this

method does not always ensure an optimal treatroént

constraints on lines that are in a price zone. dddef this
internal congestion can be relieved by an integeierator
and another one that can be external or interntde¢a@one, in
all the ETSO-EuroPEX methods, this second geneveitbbe

systematically external to the zone. Indeed, frbm point of
view of the algorithm of the Critical Branch methdte joint
action of two generators in the same zone (onehefnt
increases its production while the other one deea®at) on
any line is null because these two generators lia@esame
zonal PTDF.

VI.

In this paper, we have modelled and evaluatedetienical
and economic efficiency of the main methods progdosg
ETSO and EuroPEX to allocate interconnection cdyani
Europe. We can draw two main conclusions from tloeleis
and analyses of the ATC- and flow-based allocatimthods.
Firstly, our results about the relative efficienof the
allocation methods are more classical than theirpirery
conclusions of the Implementation Study [4]. Thbedtion
methods are all the more efficient as the KirchHatfs are
integrated more precisely in the market clearingparticular,
the gains from a flow-based allocation method arEnim
generated when the transmission capacities areisphgc
related to powerlines rather than related to aggesfyborder
capacities only. Secondly, we find that the panadigcording
to which the price zones fit the national boundadad shared
by all the allocation methods of ETSO and Europas h
important consequences. The zonal vision of the gnay
result in the capacity limits of powerlines beingceeded.
Besides, this zonal vision of the grid allows tonage internal
congestions with only limited efficiency.

Considering our conclusion, future researches thién
focus on two points. First, we will evaluate th#iuance of the
accuracy of the GSK matrix on the technical andneadc
efficiency of the ETSO-EuroPEX methods. Second,wile
study the incentives of the generators and TSQuake the
market converge toward this estimation of the maokicome.

CONCLUSIONS AND FUTURE RESEARCHES
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