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CWE Fl ow-Based Mar ket Coupling 06 May 2020

Subject: Update of CWE approval documents for the intr
zones Germany/ Luxembourg and Belgium foll owing
ALEGr O and the implications resulting from the

Dear representatives of CWE NRAs,

CWE project partners are pleased to provide you with
requested by CWE NRAs and agreed during the past CWE

updated approval document s i s t he introduction of
Germany/ Luxembourg and Belgium into the CWE fl ow-based
l'ive of the new DC cable ALEGrO between Amprion and
i mplications resulting from the new regulation (EU) 2(

as OCEPO®6) are depicted in the updates.

Background
In Q4 2020, the ALEGrO cable is expected to go into co

is integrated into the in CWE flow-based market coupl
controllable cable has been developed and discussed in
of i nformation exchange.

Additionally, changes due to Regulation (EU) 2019/ 943

Updates of the CWE approval document s:
CWE TSOs are submitting three updated methodol ogies to

1. Documentation of the CWE FB MC solution
CWE TSOs wupdated the documentation (main document) of
solution in order to depict the changes resulting fro

Amprion and ELIA and the changes resulting from Regul a
ALEGr O the update sets out changes required using the
Extended LTA-Inclusion Approach. To reflect obligatio
describing the calculation of MIinRAM is updated.

Annexes on Extended LTA inclusion

CWE TSOs will prepare pedagogical documents for CWE m
Extended LTA inclusion approach. As agreed with CWE NI
provided to CWE MPs in preparation to the CCG meeting

TSOs will include this pedagogical information as tw
mat hemati cal description of the Extended LTA inclusion
the two LTA inclusion approaches described in the met!

NRAs in the course of May 2020 and are included for i
formal CWE NRA approval
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The above described updates are made to version 4.1 o
2019.

2. Met hodol ogy for capacity calculation for the int]
As informed on DD/ MM/ 2020, CWE TSOs wil/l submit t he
calculation for the intraday timeframe in the course
and TSOs are stildl required to finalise the wupdate of
CWE NRAs on the necessary changes, CWE TSOs hope it w
position on the wupdated intraday methodol ogy together
met hodol ogi es.

The following changes are made to the intraday method
calculate a flow-based domagidmtfesr rleD aATed gt rAd EtGirdn caom
Explanatory Note (Appendix 14.34)

On request of CWE NRAs, an Explanatory Note is annexed
det ai | the increase/ decrease process. This Explanator
not subject to formal CWE NRAs approval

The above described updates are made to version 2.1 o
intraday ti mepr €5& NdaaNE dH nmdp

3. Congestion income allocation under fl ow-based mal
CWE TSOs have updated the documentation of the all ocat
order to reflect the additional bidding zone border b
the implications to congestion income allocation from
the CWE FBMC documentati on.

Appendices to the Congestion income allocation under f
On request of CWE NRAs, the following two document s
annexes are included for informational purposes and ar

- I ntroduction of DE/LU-BE bidding zone border i EX

o] The technical and economic i mpact of t he i
German/ Luxembourg-Bel gi an bidding zone bor de
commercialization of ALEGrO has been analyzed v
on and assess the impact of significant <change
are | aid out in detail in Annex 14.33 to the up

- Report on Congestion Income Distribution in Centr

after Twel ve Mont hs of Operation of t he Biddin
Germany/ Luxembour g:

o] Final report on the distributional ef fects of
after the introduction of the German-Austrian |
of operational data from 01 October 2018 wuntil
analysis are |l aid out in detail in Annex 14. 32

The above described updates are made to version 2.0 ¢
based market coupling, dated 01 June 2018.
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For all unchanged parts of the above described docume
approval of the CWE NRAs on the i mplementation of the
parts are therefore not presented for approval, but a
compl ete information regarding CWE FB MC. For ease of

documents with the above-mentioned approved document i

Best Regards,

CWE project partners

Encl osed document s:
- 20200506 CWE FB MC AP_CEP_ALEGRO_ENG_FV_CLEAN
- 20200506 CWE FB MC AP _CEP_ALEGRO_ENG_FV_TC
- 20200506 Approval document for CIA under FB MC_AL
- 20200506 Approval document for CIA under FB MC_AL
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Documentation of the CWE FB MC sol uti

May 2020 1T version 5.0, applicabl e as ¢

Last updated: 06/ 05/ 2020
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Notethis document i s an update of the CWE
age version 4.1, dated 11 April 2019.

The main changes compared to the version 4

M@ ntroduction of the ALEGr O-cabl e in CWE

tion: detailing how the ALEGrO HVDC be
Elia wil.l be included in the CWE FBMC
HdEvVv Ol ved FI ow- based: describing t he me

HVDC borders between two Bidding Zones

odExtended LTA inclusion: explaining the
for LTA inclusion to keep the same prec
for mance.

ndCEP Mi nRAM calculation methods: detaild]
cul ates mininimum | evels of available <c¢
trade according to Regulation (EU) 20109
on the internal mar ket for electricity
the Clean Energy Package).

pdRe mov al of the intuitiveness patch: s w

i ntuitive to Fl ow-Based based plain.
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1 Management summary

The purpose of this wupdated approval docu
Regul ators of the CWE region with compl et
mati on regarding t he applied solution of

Mar ked Coupling (FB MC).

This document constitutes an update of the

ed 11 April 2019, now including:

M&d ntroduction of the ALEGr O-cable in CWE
tion: detailing how the ALEGrO HVDC be
Elia will be included in the CWE FBMC

HdEvol ved FI ow- based: describing t he me

HVDC borders between two Bidding Zones

odExtended LTA inclusion: explaining the
for LTA inclusion to remai n preci sion
mance.

ndCEP Mi nRAM calcul ation met hods: detai |l i
state calculates mi nRAM according to th
pdRe mov al of the intuitiveness patch: S W

i ntuitive to Fl ow-Based based plain.

For the sake of consistency all/l provisions
are without prejudice to further methodol o
wi || be i mplemented as required by Commi s

2015/ 1222 (CACM) or Regulation (EU) 2019/ 9

The CWE Mar ket Coupling Solution

The specific CWE Flow Based Market Couplin
part of the Single Day Ahead Coupling (SDA
During the daily operation of Market Coupl
(final FI ow Based par ameters Il ncluding th

ments and the PTDF-matrix) wil/l be publ i sh
Page 7 of 146




ties wild.l have to submit their bids and of
their bidding zone before gate closure tin
be calcul ated, the Fallback mechanism for
applied at SDAC | evel and there wild|l be a
of one or multiple NEMOs or bidding zones,

cedur es.

The solution iIis operated via a set of conn
tems are operated by RSCs, TSOs, jointly
jointly or I ndividually, JAO and <clearing
consist of three phases: provision of netw
rameters), calculation of results, and pos-
Fall back arrangement (capacity allocation)

I n the CWE MC procedures, a Fallback situa

cident Commi ttee decl ares that , for any
Coupling results cannot be published bef ol
i ne.

The gener al principle of the CWE Fall back

ATCs derived from the Flow Based parameter

it auctiono on decoupled borders. A biddir
as |l ong as c¢cross zonal capacities can be
coupling algorithm for at | east one border

borders of a certain bidding zone are deco

the NEMOs in that bidding zone are removed
pling algorithm and become decoupl ed.

Mor eover, i f one NEMO <cannot submit its o
bidding zone t o t he mar ket coupling al gc
NEMOs in that Dbidding zone remain coupl ed.
their own | ocal fallback auctions.

The Al gorithm

Page 8 of 146
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rket results are calculated by a central

I thm, which is a branch-and-bound algorit
obl em of coupling spot mar kets with Dbl oc¢
chnical requirements set by the SDAC and
ep and interpolated orders, flow based n
ntation, ATC |l inks and DC cables (possi
d losses). The algorithm outputs net pos
rket and each hour, the set of accepted

on prices on each tight net work el ement.
guirements of a feasible solution, i nclu
t

i es.

pacity Calcul ati on
e CWE TSOs have designed a coordinated

rmination of Flow Based capacity par amet

sts of the following main steps

T Merging

T Pre-qualification

T Centralized Initial-Fl ow Based par amet e
T Fl ow Based parameter qualification

T Fl ow Based parameter verification

TLTA inclusion check

TLTN adjustment

i's method had been tested in the externa
y 2013. TSOs developed the methodol ogy
strialization.

y changes to the methodology during the

ct to change control, documented and pub

onomi c Assessment
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Extensive validation studies have been pe

Partner s, showing positive results. Among

an approximate increase in day-ahead mar ke
o f 95M Euro on an annual basis (based on

the average daily welfare increase, during
from January to December 2013) . Ful I pric
whol e region improves significantly, altho
gence is | ost because of the intrinsic FI

The net effect though iIis that the spread b
es Iis reduced.
|l mpacts on price formation and volatility

(c.f. Annex 14.10).

These <calculations were performed, using
comparing them with simulated FB(I) MC. T
date the results, the Project Partners h
anal yses, e.g. the domain reduction study
FIl ow Based simulations can be found in the

cation on JAOOGs website.
The technical and economic I mpact of the ©b

of t he Ger man and Austri an Hub on t he C WE

Coupling has been analysed via the standar
cate on and assess the impact of signi ficzé
results of this study are attached in Anne:

Il ntuitiveness
Based on the dedicated studies, the feedba
sultation and the eventual gui dance of t h

has started with FBI

Page 10 of 146
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paral |l el computation of results with F
5.

removal of the intuitiveness patch (s
ce as of the technical go-live of ALEGI
s in terms of algorithm performance anc
s with the Evol ved FI ow- Based approach
h ACERO6s decision on algorithm methodol
37 of Commi ssion Regulation (EU) 2015/
nsparency

Project Partners publish wvarious oper
ts related to Flow Based Market Couplii
opean | egislation and having considered
ties and the Regulators. These publicat
s in their bidding behaviour and facili
the CWE whol esale market, including | on
estimati ons.

itoring

monitoring purposes the National Regul
I onal (confidential) data and i nformat.i
| egi sl ati on, on reasonable request fro
vides all Project related data for mo n
ns of moni tored information can be comn
case.
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21l ntroducti on

Af t
t al
t he
act
t as
sol
dec
I i v
Par

t he

was
al |
sho
FIl o
pr o

ner

The

Reg

des

The

er having signed the Memorandum of Unde
ater al Energy Forum on Mar ket Coupling
Central West European (CWE) region in
i ve at t hat time in CWE have put i n p
ked with the design and i mplementation
ution in their regi on. As a first step
ided to i mplement an ATC based Market

e on November 9th 2010.
al | el to the daily operation of t he AT
Project Partners worked on the next S

tation of a Flow Based Mar ket Coupling

k has progressed and the Fl ow Based Mar

I mproved. Results of more than 16 mont
el run, covering al | seasons and typi
wn c¢cl ear benefits of the FB methodol ogy
w Based Mar ket Coupling, APG has been |
cedures, following a stepwise process a
S .

purpose of the report at hand with al/l
ulators of the CWE region with a compl e

cribing the Fl ow Based Market Coupling

| atest update of this documentation f o
Changes required in order to make the C
ket Coupling compliant with provisions
of the Regulation (EU) 2019/ 943 of t he
and of the Council of 5 June 2019 on t|
electricity, which applies from 1 Janual

Page 12 of 146



The wupdated descriptions are submitted fo

the national approval procedures to the cc
in Il ine with Regulation (EU) 2019/ 943.
For the other parts of the document, C WE

previous approvals of the CWE NRAs on thes

MC met hodol ogy remain valid.
The CWE FB MC Approval document i's struct
chapters:
T Gener al principles of Market Coupling
T Coordinated Flow Based capacity calcul a
T CWE Mar ket Coupling solution
1T Fall back solution
f Economic validation
T Transparency [/ publication of dat a
T Monitoring
T Calculation of bilateral exchanges
T Contractual scheme
T Change contr ol

Page 13 of 146



3 Gener al principles of Market Coupling

1.1. Gener al principle of Market Coupling

Mar ket Coupling is both a mechanism for ma

nated Electricity Market Operators (NEMOs)

all ocation mechani sm. Mar ket Coupling opti
ciency of the coupled mar ket s: al | profita
matching of bids and offers in the coupl e

executed subj ect t o sufficient Cross-Zona
made available for day-ahead implicit al |
are subject indeed to capacity constraints
sion System Operators (TSOs) which may | i1

t ween the coupled mar ket s.

Mar ket prices and Net Positions of the con

taneously determined with the use of the a

by the TSOs. The transmission capacity mad
k et Coupling is thereby efficiently and i
transmission capacity constraint is active
ference between the markets. I f one or mor
constraints are actiyve, a price difference
cur

1.2Day-Ahead Fl ow Based Market Coupling

Mar ket Coupling relies on the principle th
| owe st prices export electricity to market
there i s day-ahead mar ket welfare created
Mar ket Coupling algorithm (described | ater
optimize the day-ahead mar ket welfare for
on the <capacity constraints (Flow Based ¢c

cluding the Critical Net work EIl ements and

Page 14 of 146



energy orders. A gener al exampl e of Mar ket

kets i1Illustrates how FB MC worKks. Two sit
margin on the Flow Based capacities is |ar
of both markets are equalized (price conve
capacities i s not sufficient (l eading to
straint (s)) and the prices cannot *equali ze
These two cases are described in the foll o
Sufficient margin, price convergence
Suppose that, initially, the price of mark
of mar ket B. Mar ket A wi || therefore expor
of mar ket A will increase whereas the pri
crease. I f the margin of capacities from
sufficiently | arge, a common price 1in the
(PA* = PB*). This cakiggures. 3i-l1l ustrated in

! The term ficonvergenceo is used in the context of |
situation where prices converge up to their equal.i:
closer to each other too, one says that there is #fn
where the transmission capacity made available to
sufficient to |l ead to price equalization.
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P (€/ MWh) P (€/MWh)
A Market A A Market B
Purchase Purchase, Furchase i
0 Ir|port|
PE [ressnsesnnnnasnnaaning
PA* = PB*
pA ——————————————————————————————————————————————————————————————————————
a /!
L | <
I 1 |
B ! Sale, Sale, ! :
| i i i
| 1 I !
QA OA" >O(I\.’Wh) QB OB >Q(|'\-‘|'-"\"h]
Figure Rebresentation of Market Coupling for two me
l nsufficient margin, no price convergence

Another situati omi giutd ubsabprpaectnesd whnen t he capa

margin 1S not sufficient to ensure price
t wo mar ket s. The amount of electricity exc
mar kets it then equal to the margin (or r e
active (or I imiting) constraint, divided b

tors (PTDFs) of the two markets.
The prices PA* and PB* are given by the I

chase and sale curves. Exported electricit
area at a price of PA* and is sold in the
PB* . The difference between the two price

changed volume between the two markets (b

COﬂgGStiOI’] revenue.
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P (€/MWh) P (€/ MWh)
A Market A A Market B
Purchase,
Purchase
PB
1
/] PE; ;
Price difference . g
[inpuf deterrrinafon] ]
L e R e congesiionrevenue, / I
PA |- 1 .
I 1 ! i
‘} } Sale, Sak, E !
. Pl
QA 0A ’Q(m) Q@B OB ’O(I\M‘h)
Figure Redresentation of Market Coupling for two me
I n Aplaino Fl ow Based Market Coupling a no

occur (export from a high priced market to
wel fare | oss of this exchange is then to t
ahead mar ket wel fare gain for the whole r

from other exchanges (c.f. chapter 7.3).
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4 Coordinated Fl ow Based capacity domain ca

The method for capacity calculation descr.i
the start of the external paral l el run. C
based on experience of the parallel run ar
Annex 0.

An educational, simplified and il lustratiyv
Based capacity calculation work?d6 can be f.
The hi gh | evel busi ness process for capa

found in Annex 14. 3.

4. 1l nput dat a

To calculate the Flow Based capacity domai

di fferent items which are used as iIinputs i
i ng inputs need to be defined upfront and
mo d e |

fTCritical Net work El ements / Contingenci

f Maxi mum current on a Critical Network E

f Maxi mum all owabl e power flow (Fmax)

T Final Adjustment Value (FAV)

T D2CF Files, Exchange Progr ams

T Remedi al Actions (RAs)

T Generation Shift Key (GSK)

T Fl ow Reliability Margin (FRM)

T External constraints: specific Iimitat

Critical Net wor k El ement s

4.1 . CINEC-selection

A Critical Net work EIl ement (CNE) is a netw
Il mpacted by CWE <cross-border trades, whi c
certain operational conditions, the so-cal
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CNECs (Critical Net wor k El ements/ Contingen

each CWE TSO

for its own network accordi ni

scribed bel ow.

The CNEs are

d

efined by:

T A Iline (tie-line or internal ' i ne), or

ni ficantly

(N-1, N-2

i mpacted by cross-border exc

T An Aoperational situationo: nor mal ( N)
busbar faults; depending on
Contingenci e (C) can be defined for all/l Cc
T Trip of a i ne, cable or transfor mer,
T Trip of a usbar,
T Trip of a
T Trip of a
T Trip of s
T Trip of a

CNE selectio

< — @ O

n

The assessme

nt

enerating unit,

significant) |l oad,
er al el ement s,
HVDC interconnector under Ev

process

of Critical Net wor k El ement

of CWE cross-border trade on the networ k ¢

operational

experience that traced back toc

ordinated capacity calculation under ATC:

l ndeed, t he

was in daily

TSOs developed the coordinated

operation from November 2010

on FB ingredients. The so-called 16 <corne

check on a
El ement s. Th

significant

e

mi ted number of grid el ement

advantage of this approach w

operational experience with t

Net work EIl ements as part of a grid securit

Page 19 of 146



cilitates a consistent transition from ATC

Critical Net wor k El ements that were appli
check, boiled down to relevant sets based
experience. The experienced gained in ATC
ready provided a relevant set of initial C

FB operations.

This set has then been updated according t

A set of PTDFs is associated to every CNE
parameter calculati on, and gives the influ
any bidding zone on the CNEC. I f the PTDF

concerned hub has 10% influence on the CNE
i n change of net position of the hub | eads
on the CNEC. A CNE or CNEC i s NOT a set (

technical i nput that one TSO integrates at
cal cul ation process in order to respect S
CNE selection process is therefore made o
TSO, who check the adequacy of t heir cons
operational conditions. The so-call ed flo

NOT the Critical Net wor k EIl ement s, they ar

ity calculation associated to a CNE or CNI

operational process. As a consequence, whe
CNEC as a necessary input for its daily op
tion process, it does not know, initially,
ar e.

AL CNE is considered to be significantly I
border trade, if 1ts maxi mum CWE zone-to-z
a threshold value that iIs currently set at
This current threshold has been set foll ov

performed by TSOs, by the iterative proces:
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TSOs have carried out some alternative com

parameters, using scenarios where only th
di fferent val ues. Depending on the threshct
Net work El ements were included or not i n

computation, resulting in a capacity domai
i ng for the market. Taking some extreme v
alternative Flow Based domai ns, TSOs asses
mains would be saf e, and more precisely toc

the exclusion of CNE not respecting the th

acceptable situations, with respect to CWE
one given threshold value, the analyses w
ceptable situations (because the removal 0
allow an amount of exchanges that TSOs <co

they would not respect standard SOS princ
N-1 rul e), then this simply meant t hat t he
Following this approach and assessing diff
came to the <conclusion that 5% was an op

terms of size of the domain versus risk po

TSOs want to insist on the fact that the i
old is driven by two objectives:

- Bringing objectivity and measurability
cant i mpacto. This quantitative approac
cussion on internal versus external br a
ficial notion in terms of system operat

perspective.

- Above al |, guaranteeing security of S
many exchanges as possibl e, i n compl i a
policies, which are binding and have to

the capacity calculation concept (ATC o
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words, this value is a direct conseque
policies standards (which do not chang

adapted to Flow Based principles.

It i s important to keep in mind that thes
cannot be seen as a single standal one st
TSOs. Rat her , CWE TSOs have applied over t
assessment process that has started with t
er al capacities and been developed with FB

rel evant CNE set and determine afterwards

The 5% value is therefore an ex-post, gl ol
be opposed automatically, which means with
an individual CNE in a given timestamp.

CWE TSOs constantly monitor the Critical )
are fed into the allocation system in orde
the threshold over ti me. During the exter
Critical Net wor k EIl ement s, i . e. the CNEs |
the market, respected T with the exception

threshold value of 5 %, This would tend to

the current val ue.

Practically, this 5% value means that ther
bidding zones in CWE for which a 1000 MW
i nduced flow bigger than 50 MW (absolute
This is equival ent to say that t he maxi mu
PTDF of a given grid element should be at
be considered objectively Acriticalo in t1l
pacity calculation.

For each CNEC the following sensitivity va

cul at ed:
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Sensitivity AC = max(PTDF (BE), PTDF (DE),

PTDF (NL)- min(PTDF (BE), PTDF (DE), PTDF

(NL))

I f two bidding zones (A, B) are connected
sensitivity wild@ be calcul ated as foll ows:

Sensitivity_ DC = abs(PTDF(A) | PTDEF(
PTDF(virtual hubB) i PTDF(B))

where virtual hubs represent the sending o
HVDC connector. More information on the tr

nectors can be found in chapter 4.2.9.

I f the sensitivity AC or DC is above the t
the CNEC is said to be significant for CWE

A pre-processing is performed during the F
culation which results in a warning for a
meet pre-defined conditions (that i s, t he

TSO then has to decide whether to keep t he
from the CNEC file.

Al t hough the gener al rule is to exclude a
me et the threshold on sensitivity, except
| owe d: if a TSO decides to keep the CNEC

justify it to the other TSOs, furthermore

moni tored by the NRAs.

Should the case ari se, TSOs may initiate d
ed justifications in order to reach a com
possi ble agreement on the constraints put
tion process. TSOs know only at the end of

process the detailed and final PTDFs, whi |
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ement is required in the beginning as an

|l ati on pProcess

CWE TSOs therefore commit to critically as
Net work El ements in two respects:
1.0n t he one hand with a Acl ose-to-oper
considering the threshold as a fixed re
wor k, CWE TSOs operators and FB experts

rel evance of the CNEs against this thre

assessment may result in discarding th
computation, but in any case this wil
basi s, after just one occurrence, but r

tion and security anal ysis phase pot en
mont hs. On the <contrary, upholding a C
violates the present agreed threshold s
tified and reported to NRAs in dedicat e
2.0n the second hand, the threshold itsel

Iy, i f not changed, at | east chall enge

term analysis which needs several mont h
2 A frequent explanation for having eventually a C
respecting the threshold is the usage of a Remedi a
that a CNEC is too |Iimiting, the TSO owner will try
CNE by i mplementing a Remedi al Action (see dedicat
ument ) . The Remedi al Action wild|l have as an effect
the CNE towards the cross-border exchanges: by dec
exchanges on the |l oad of the | ine, more trades wil/
tion, it is legitimate to Akeepd the CNEC.
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ence with FB operations. Once this expe
TSOs wi || re-consider the relevance of
ing at the following criteria with a fo

T Frequency and gravity of the thresho

T Nature of the justifications given t
T Or , on the contrary, absence of thre:
The main idea is therefore to assess the

t hreshold and the set of active CNEs. Thi s
priate in two aspects:
T Either the threshold is too high, w h

t oo many CNE violate it whil e wvali
gi ven

T Either it wildl be too | ow, which wi
tive CNE systematically respect it o

period of ti me.

I n both cases, the shadow price (> 0 when
tive) , t hat is information provided to NR
framewor k, can also be a wuseful i ndicator
of the active CNEs, especially when they

threshol d.

4. 1.Maxi mum current on a Critical Net wor k E
(I max)
The maxi mum all owabl e current (I max) i's t

Critical Net work EIl ement (CNE) determined

I'ts operational criteri a. l max 1is the phy
CNE i n Ampere, except when a relay settin
specific for the temporary overload all owe

Net work El ement-Contingency (CNEC).
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As the ther mal Il i mit and relay setting can

er conditions, Imax is wusually fixed at | e
When the I max value depends on the outside
can be reviewed by the concerned TSO i f ou
nounced to be much higher or |l ower than fo
val ues.

l max 1 s not reduced by any security margi

been covered by the calculation of the Con
l'iabi l ity Margin (FRM, c. f . chapter 4.1. 8
(FAV, c¢.f. chapter 4.1.4).

4. 1. MBaxi mum all owable power fl ow (Fmax)

The value @Femaxri bes the maxi mum all owabl e j
CNEC i n MW. It i s given by the formul a:
Fmax {Fap<«* I max * U * cos(G) / 1000 [ MW],
wher e I ma X i's the maximum per manent al |l ov
[ Ampere]) for a CNE. The value for cos(10G)
fixed value for each CNE and is set to th

225kV or 400kV) for this CNE.

4. 1. Hi.nal Adjustment Value (FAV)

With the Final Adjust ment Value (FAV), ope
rience that cannot be introduced into the
find a way into the Flow Based-approach by
i ng the remaining available margin (RAM) o
reasons which are described bel ow. Posi ti
reduce the available margin on a CNE whil
crease it. The FAV can be set by the resj|
gualification phase and during the verific
principles for the FAV usage have been ide

Page 26 of 146



T A negative value for FAV simul at es t he

margin due to complex Remedi al Actions (
model |l ed and so calculated in the Flow B¢
tion. An offline calculation wil!/| determ
ditionally be released as margin; this va

T A positive val ue for FAV as a consequen
phase of the Flow Based domai n, |l eadi ng
the margin on one or more CNEs for syst
The overload detected on a CNE during th
the value which wil!/ be put in FAV for t

nate the risk of overload on the particul

Any wusage of FAV wil/| be duly el aborated a

for the purpose® dfhemamiptacriityg cal cul ati on.

4. 1. 2CF Fil es, Exchange Progr ams

The 2-Days Ahead Congestion Forecast fil es
by the participating TSOs for their grid t
estimate of the state of the CWE electric
Each CWE TSO produces for its zone a D2CF
1T Best estimation of the Net exchange pro

T Best estimation of the exchange program

®bDetails on moni toring are given in the dedicated ¢

of the monitoring reports is available in Annex 14.
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=}
>

T best estimation for the pla ed grid ou

|l ines and the topology of the grid as f
T best estimation for the forecasted | oad
T if applicable best estimation for the f

ergy generation, e.g. wind nd sol ar ge

a
1T best estimation for the outages of gene

the | atest info of availabil ty of gene

T best estimation of the produ

(@]

tion of ge
with outage planning, forecasted | oad a

exchange program.

The PST tap position is wusually neutral i n
exceptions should be all owed.

For each timestamp, the | ocal D2CF fil e ha
of production and consumpti on, in coherenc
ed Net exchange progr am. The D2CF files wi

with DACF (Day-Ahead Congestion Forecast)
to obtain the base case according to the n

this document (c.f. chapter 4.2.1).

I ndi vidual procedures

Amprion:

For every day D there are 24 D2CF fil es

These D2CF files describe the | oad flow si
business day as exactly as possi bl e. Il n or
forecast Amprion generates the D2CF files
The basis of a D2CF file is a fAsnapshot o,

from a reference day.

I n a first step the topology is adjusted

day. Her e ar e al | component s put i nto o]
switched off I n the snapshot) and all for
business day) are included in the D2CF fil
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tion pattern is adapted to the schedule o
day.

I n the next step the wind and solar forec
D2CF file by wusing dedicated wind and sol
based on |l ocal tool s and uses external w
available to Amprion.

As a next step the resulting net position

reference day. Af ter t his, the resulting
(unbal ance between generation and | oad) i
deviation is spread over al/|l mar ket based g

on by using GSKs.

To summari ze, the provision of the Amprion

on 5 main steps.

1. Take snapshot from the reference day as

2.l nclude topology for business day and a

3.l nclude wind and solar forecast
4 Adapt net position of Amprion
5.Deviations (slack) are spread over al/l

tion units

APG:
Usi ng renewabl e generation-schedul es, est
pl anned outages for the Dbusiness day, and
tion-schedules and the | oad distribution f
D2CF Files are being created as foll ows:
f Topology is adjusted according to the o
T Generation iIis adjusted according to the

for the business day and the mar ket dr i’

the reference day
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d

E x
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Af ter

verge

El i a:

Load

used.
of a
nhance
17: 00
Acti o
The |
t he

The b

are a
be ex
fores
The p

prepa
refer
PST t
tions
pect e
to 4

Tr ans

t al |l oad i s adjusted to the forecast
stributed according to the reference
er mal rating limits are applied

change is distributed over tie-Ilines

CF of the reference day

these steps a |l oad flow is being ca
nce, voltage- and reactive power | i mi:
profile and cross-border nominations

The topology of the grid is adjusted
| ocal outage-planning-system (incl uc
) as known at time of preparation of

18: 00. This includes possible preve
ns needed for specific grid maintenan.
oad is automatically adjusted to acc:t

oad of the reference day and the pred

est estimate is used to determine al
vailable to run, with a determinati on
pected on the business day (dependi ncg
een for delivery of ancillary service.
roduction program of the flexible and
d based on the <calculated GSK, and o
red in order to fit with the cross-»>D
ence day.
ap positions are put at O in order to
avail able as Remedi al Acti on, except
d in the base case in a |likely market

steps could be made on some PST at EI

net BW:
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T Load is adjusted based on | oad forecast
time horizon.

T Generation is adjusted based on planned
reali zed AD- X0 patterns (meaning: histo
to the day when the D2CF process is hap
I mprovement s:

Rrenewable generation (PV and wind ge

dated based on forecasts availabl e f
ti me horizon,
Rfor | arge units, generation is adjus’

mai ntenance forecast (provided on a

producers, and adapted during the we:
] 24 hourly files are produced in this w
For each fil e, an adjustment i's perfor

reach the estimation of net exchange p
the final 24 French D-2 grid model s.

A |l oadflow is | aunched to check the con:

TenneT DE:

The D2CF data generation at TenneT DE star
nomi nations are known.

As a first step TTG creates a grid model

switching state in order to match the out a
are always set to neutral position.
The second step involves the adjustment of
of each node to its expected value:

T Connections to the distribution grid ar
2 forecasts of renewable feed-in, e.g.

ti on, as wel | as | oad.
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us e
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CF, whi ch

e model i

ctly

der i

0Ss-borde

| e at

17 :

ter the f

e product

nce) abov
oduction
ri bed in

spatched

m product

v el rema i

e ma X i

edef i
oduct

eme

mu m

ned

mi

on

connected generation units are
tion planning forecasts of sing
necessary, the Net exchange pr
D-2 forecast of the Net exchan

order l i st .

ditional gual ity checks are mad

e and reactive power ).

ts the D2CF creation process Wi
which represents the topology

of the information of the | ocal
or mai ntenances) as known at t
is between 17:00-18:00 at D- 2.
s then adapted for the Load & F
ved from the forecasts receive
rrnominations of the reference

00.

orecasts have been i mported Ten
ion of al | di spatchabl e wunits

e 60MW (further call ed: GSK Uni
is done in order to match the

the GSK chapter of this documer
pro rata on the basis of predef
ion | evels for each active uni
ns the same.

production | evel i's the contr |
extreme maximum production sce

| evel i s the contribution of t |

ni mum production scenario. Base-|
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smal l er di fference between their maxi mum a

|l evel s than start-stop units.

With Pi 0O being the initial MW di spatch of

new dispatch of wunit i after the redispatc

BO BoiEI -

0 OIEIOIAQOIEIBOIAQBO[ET N8 p
0 oiEloiAgoiei—n SO EL  4aRao
BOI AgB 01 EI
PST tap position is put at O in order to
tions available as Remedi al Acti on, except
pected in the base case in a |ikely corner

could be made on some PST

For the DC cables the Exchange programs

used. I n case the cable is out of service
gram of the cable wild!l be distributed over
After wards, production and | oad are redist
flow is performed in which the grid is <c¢hi
voltage probl ems. During this process ther
ment of |l oads to correct the difference ir

reference program of the execution day and

prognosis of Mar ket Parties for this day.

Remark on the individual procedur es:

I f one can observe methodol ogi cal variant s
base case process, it is to be reminded th
in the continuity of the currently applied

ering the Grid Model met hodol ogy (either i
pects) is not part of the CWE FB i mpl ement.
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Currently, there exists an ENTSO-E initiat

pean TSOs practices towards the ACER capa

regi onal roadmap, but in any case the foll

to be respected:

1T Design of a CGM methodology by ENTSO-E
requirements

T validation of the methodol ogy by NRAs

1T Design of an i mplementation plan.

4. 1.Femedi al Aétions

During Fl ow Based parameter calcul ation C)

account Remedi al Actions (RA) that are all/l
i ng a secure power system operation i .e.
ment .

I n practice, RAs are i mplemented via entri
measure is connected to one CNEC combinati

parameter calculation software treats this

The calculation can take explicit and 1 mp|

explicit Remedial Action (RA) can be
changing the tap position of a phase sh
topol ogy measur e: opening or closing of
for mer, bus bar coupl er, or switching

from one bus bar to another

*Didactic examples of different types of Remedi al ,

i mplicit variants) can be found in Annex 14.4).
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T curative (post-fault) redi spatching: C

some generators or a | oad.
|l mplicit RA can be used when it i s not pos
a set of condi tional Remedi al Actions into
|l oad fl ow. I n this case a FAV (c.f. chapte
These explicit measures are applied during

ter calcul ation and the effect on t he CNEs

The influence of I mplicit RA on CNEs is a
front and taken into account via the FAV f
avail able margins of the CNEs to a certain

Each CWE TSO defines t he availabl e RASs i
cross-border Remedi al Actions will be conscs
have been agreed upon by common procedures

number of tap position on CWE PST) or exp

ATC process). The agreed actions are assun
bl e.

The gener al pur pose of the application of
crease) t he FI ow Based domain in order t
while respecting security of supply. Thi s
LTA (allocated capacity from I ong term auc

mum target.

Some RAs, with a significant influence on

grids 1T especially cross-border RAs 1 have
being i mplemented in the CNE file. The coo
Remedi al Actions maintains the security of

the capacity that can be offered to the

dur es, i ndicating amongst ot hers which Re
applied for the capacity <calculation st age
to facilitate this.
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The guideffomeshe application of RAs i mply
scribed in the CNE files can change during
cess in the qualification and verification

PST coordination process).

| f needed, and in an effort to include th
coordinated Remedi al Actions wil/l be cons
agreed | ist of Remedi al Actions. Each TSO
jeopardi se the system security, perform a

cover the LTA domai n.

During the D-2 |/ D-1 capacity calculati on
opportunity to coordinate on PST settings.
find an agreement on PST settings which <co

The focus is to cover the LTA Tamids irhe gpmss s i

t hat the LTAs/ NTCs wil/l not cause overl oa
FI ow Based method. TSOs try to reach this
RAs as a first step. I f this would not be
are taken into account in order to mitigat

The basic principle of the PST coordinatio

*These fAguidelinesd encompass the operatorsd exper
over the years, combined with the application of C
neither translated nor formalized in documentati on
®NTCs were only available during the external par a
TSOs will use another reference Flow Based domain
buil't during the external parall el run which will/l

and Mar ket Parties.
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>0 O oS O

c al calculation: TSOs try to cover th
eir own PSTs. | f this is not suffici

e PSTs of other TSOs in their | ocal I
e end, every TSO comes up with a prop

sitions i n t he CWE region, and t he
rs/ situations in which the PST should

change of proposal s: t he proposal (s)

ween TSOs for revi ew.

evi ew, coordinati on, confirmati on: TSO

nd coordinate/ agree on the final setti

ontradictory Remedial Actions are used

The resul t i s considered to be firm b

phase. The i nformati on (i1 f necessary a

must be transferred to the D-1 and D pr

avail able for coordination are | ocat
nau, Diele and Meeden. PST coordination

on, EIl i a, and TenneT (DE and NL). T h e

Ternitz, Ernst hofen) are coordinated

man and Austrian TSOs and are further t

rdination as described above.

part.

coordination process is not necessar.i
but usual topology actions can al s
time and in the same way as the PST s
prerequisite of a well-functioning coord

es have a dedicated timeframe to per
ti meframe should be at best in the n
Based computation and the final FI ow

oordination should start before midni
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4. 1.Generation Shift Key (GSK)

The Generation Shift Key ( GSK) defines hov
tion is mapped to the generating units 1in

It contains the relation between the <chan
mar ket area and the change in output of e\

side the same mar ket area.
e

Du to convexity pre-requisite of the FIl ov
must be |l inear.

Every TSO assesses a GSK for I ts control
the characteristics of its network. I ndi vi
a hub contains several control areas.

A GSK aims to deliver the best forecast (o

Net wor k El ements of a net position change,

operational feasibility of the reference p
ed market i mpact on units and market/ syste
I n general, the GSK includes power pl ants
and that are flexible in changing the &ele
i ncludes t he foll owing types of power p
pumped-storage and hard-coal. TSOs wil/l ad
bl e wunits, e. g. nucl ear uni t s, i f t hey dc
generation for matching maximum i mpor:t or
they want to moderate i mpact of flexible u

The GSK values can vary for every hour and
l ess units. (A value of 0.05 for one uni

change of the net position of the hub will

Il ndi vidual procedures

GSK for the German bidding zone:

The Ger man TSOs have to provide one singl

Ger man Hub. Since the structure of the ger
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ge
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h o
ar
t h

pe

e

e

r

olved TSO, an approach has been devel op
TSO to provide GSKO6s that respect the
eration in their own control area and
catenated German GSK in the needed degr
ry German TSO provides a reference file
idays and weekends. Within this refere
named (with their node-name in the UCT
I r estimated share within the specific
I ods. It is also possible to update the

according

TSO
di stri

An

provi des

t

exampl e:

00: 00

Ge

Ge

Ge

Ge

Ge

07:00

Ge

Ge

Ge

23:00

Ge

Ge

Ge

n A

C

=]

D

=]

E

=]

B

=]

C

=]

D

=]

o

buti on

the expectations for the targ

within thi
i nside his
Reference-fi
07:00:
(Hard-Coal)
(Hard- Coal)
( Gas)
(Hydr o)
(Hydr o)
23:00

( Gas)
(Hydr o)
(Hydr o)
24:00:
(Hard- Coal)
( Gas)

(Hydr o)

S r

gri
| e

eference-fil
d that adds
of TSO A for
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GenE (Hydro) 0, 1

I n the process of the German merging, the
out of these four indi vidual reference-fi
(working day [/ week-end / bank holiday),
every day. Therefore, every German TSO ge
(e.g. Transnet BW: 15%, TTG: 18%, Amprion:
The content of the individual reference-fi
the individual share of each TSO. This is

usage of the different sharing keys for th

a Common GSK file for the German bidding z
basi s.
Exampl e: Taking t he reference-file above,
Transnet BW, it |l eads to the following sha
Ger man GSK-fil e:
00: 00 ¥ O07:00:
GenA (Hard-Coal) 0,3*0,5 = 0,045
GenB (Hard-Coal) 0,3*0,15 = 0,045
GenC ( Gas) 0,1*0,15 = 0,015
GenD (Hydr o) 0,2*0,15 = 0,030
GenE (Hydro) 0,1*0,15 = 0,015
07: 00 1T 23:00:
GenC ( Gas) 0,3*0,15 = 0,045
GenD (Hydr o) 0,5*0,15 = 0,075
GenE (Hydro) 0,2*0,15 = 0,030
23: 00 1T 24:00:
GenB (Hard-Coal) 0,2*0,15 = 0,030
GenC ( Gas) 0,3*0,15 = 0,045
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GenD (Hydr o) 0,4*0,15 = 0,060

GenE (Hydro) 0,1*0,54 = 0,015
With this method, the knowledge and exper
TSO can be brought into the process to o

GSK. With this structure, the nodes named
ed over the whole German bidding zone i n &

i ndividual factor is relatively small

The Generation share key (GShK) for the in
iI's calcul ated according to the reported av
er plant potenti al of each TSO divided by

power plant potenti al in the bidding zone.
O U O "QANCEMONED £ £ 06b 1 EBXY Y0

o'W "Y'YOD T T e e T L o T e
B 00 OQNEWI@E € € 061 @YY O
Where k is the index for the 4 individual Ger m
With this approach the share factors will sum
the central merging of individual GSKs.
Il ndividual distribution per German TSO

Transnet BW:

To determine relevant generation units Tr e

count the power plant availability and the
formation at the time when the individual
the MTU:
The GSK factor for every power plant i i s
T N
OYu =
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Where n is the number of power pl ant s, w h
the generation shift within TransnetBW0s c:
Only those power plants which are characte
are put in the GSK if their availability f
The following types of generation wunits f
connected to the transmission grid can be
T hard coal power plants

T hydro power ©plants

T gas power plants

Nucl ear power plants are excluded

Amprion:

Amprion established a regularly process 1in
close as possible to the reality. I n this
example whether there are new power plants
there is a block out of service. Accordin

grid Amprion updates its GSK.

I n gener al Amprion only considers mi ddl e
pl ants as GSK relevant. With other words
|l i ke nuclear and |l ignite power plants are
vant node. From this it follows that Ampri
types of power pl ant s: hard coal , gas and

the view of Amprion only these types of [

part of changes in the production.

TenneT Ger many:

Similar to Amprion, TTG considers mi ddl e
pl ants as potenti al candi dates for GSK. T
type of production units: coal , gas, oi |l

pl ants are excluded upfront.
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I n order to determine the TTG GSK, a stati
havior of the non-nuclear power plants in

been made with the target to characteri ze

power plants, which are characterized as n
t he GSK. This | ist i s updated regularly.

are calculated by the available potenti al
Pmin) divided by the total potenti al of al

| i st of TTG.

Austrian GSK:
APGOGs met hod to select GSK nodes is analog

So only market driven power ©plants are cor

which was done with statistical analysis o
the power pl ant s. Il n that case APG pump
units are considered. Power plants which ¢
power plants) are not considered. Only riwv
storage are considered in the GSK file. T
plants is updated regularly in order to co
ages. I n future APG will analyse the wusage

Dutch GSK:

TenneT B. V. wi || di spatch the main generat
avoid extensive and not realistic under- a
for extreme I mport or export scenari os. Un
es are considered in the GSK.

Al l GSK wunits (including available GSK uni
D2CF file) are dispatched pro rata on the
mum and minimum production | evels for each
production | evel remains the same.
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The maximum production | evel I's the contr]

predefined extreme maxi mum production sce

production | evel is the contribution of t |
treme minimum production scenari o. Base-|
small er difference between their maxi mum a

|l evel s than start-stop units.

With Pi 0O being the initial MW di spatch of

new dispatch of unit i after the redispatc!
o oiEToiApoi i 0 BOTEL  xgg
"BOT A@B OT El P

where Ako is the index over al/l active GSK
The Iinear GSK method also provides new GS
GSK wunits. This is also calculated on the
maxi mum and mini mum production | evels:

oi Agoi EI -

— ——— ANS8c

B Ol AgB 01 EI

where Ako is the index over al/l active GSK

The 24-hour D2CF is adjusted, as such that

Net herl ands is mapped to the generators in

The GSK is directly adjusted in case of I
cludes the outage information of generator

iI's based on the information sent by Market
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Bel gi an GSK:

Elia wil!/ use in its GSK all flexible and
which are available inside the Elia grid (
not ) . Units wunavailable due to outage or

cluded.

The GSK is tuned in such a way that for h
the Belgian hub all units are, at the same

Pmin (including a margin for reserves) de

units have to run or not (specifically for
mary ofr secondary reserves). For high | ev
Bel gian hub al|l units are at Pmax (includi

at the same ti me.
Af ter producing the GSK, Eli a wil!/ adj ust

hour D2CF to mat c h t he |l i neari sed |l evel 0

change programs of the reference day as I

Pmax

Pmin
Max i mpor't 0 Max export

Figure: 4Bdl gi an GSK.

French GSK:
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The French GSK is composed of al |l the uni

net wor k.

The variation of the generation pattern in

i ng: al | the units which are in operations

the change of the French net position on

means, if for instance one unit i's represe
eration on the French grid, n% of the shif
tion wil/ be attributed to this unit.

About 50Hert z:
50Hertz sends its D2CF and GSK files whioch

the Ger man data set.

Due to the | arge distance of 50HZ to the C

ing 50HZ Critical Net work Elements within

not considered a probl em.

Al egr o GSK:

I n order to integrate ALEGr Os Evolved Flo
virtual bidding zones (ALBE & ALDE) are de
ticle 4.2.09.

The two bidding zones (ALBE & ALDE) which
terconnector possess a GSK equal to 1 on
ALEGrO I nterconnector converters are insta
Summary and overview concerning the variahb
i ng the day:

1T APG, El'ia and TTB wuse GSKs according tc

which means constant values over the da:
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T The German TSOs have two GSKs for t wo d

a day as described above (peak, off-peal

f Since RTE is wusing pro-rata GSK, the va

file change every hour.
4. 1. 8Fl ow Reliability Margin (FR
The origin of the wuncertainty involved in

process for the day-ahead mar ket <comes fro
ternal exchanges, approximations within th
ogy (e.g. GSK) and differences between for
gr ams. This wuncertainty must be quantifi e
all ocation process, in order to prevent t|

confronted wi t h fl ows t hat exceed t he ma X

their grid el ements. This has direct | ink
Coupling results. Therefore, for each Cri
FI ow Reliability Margin (FRM) has to be d

|l east how the before-mentioned uncertainty
Critical Net wor k EIl ement. |l nevitably, the
available margin (RAM) on the Critical Net
part of this free space that i's provided
cross-border trading must be reserved to c

ti es.

Realized
schedules

Forecast Risk level
model xy*o

Forecasted
flow
Store
difference
observed
flow
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Figure: 4FRM Assessment Principle

The basic idea behind the FRM determinatio

certainty by comparing the Flow Based mode

the corresponding timestamp i n real ti me.
case, which is the basis of the Flow Baseoc
at D- 2, is compared with a snapshot of the
day D. A snapshot is Il'ike a photo of a TS
showing the voltages, currents, and power
time of taking the photo. This basic idea
4 . 2.

I n order to be able to compare the obser v
shot with the predicted flows in a cohere
mo d el is adjusted with the realized schedu
i nstant of ti me that the snapshot was Cr i
same commerci al exchanges are taken into &
i ng the forecast flows with the observed o
reflected in the observed flows and need t

dicted flows as well for fair comparison).

The differences between the observations a
in order to build up a database that all ow

tistical analysis on a significant amount
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fined ri,skt HevERM values can be computed f
tion of flow differences between forecast .
By following the approach, the subsequent

the FRM analysi s:

T Unintentional flow deviations due t o

frequency control s

T External trade (both trades between CWE

as well as trades in other regions with:

T I'nternal trade in each bidding area (i

|l i near model)

T Uncertainty in wind generation forecast
T Uncertainty in Load forecast

T Uncertainty in Generation pattern

T Assumptions inherent in the Generation
T Topol ogy

T Application of a |inear grid model

When the FRM has been computed foll owing
approach, TSOs may potentially apply a so-

"The risk level is a |l ocal prerogative which is ¢l

plied by the concerned TSO. Consequently, the risk

TSOs to assess FRM from the statistical data may v
reference that each TSO has to respect globally in
tion management and security of supply. This risk
ri sk policies.
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just ment o before practical i mpl ementati on
The rationale behind this is that TSOs re
outcome of the pure theoretical approach i
pl ementation of parameters which make sen
any reason (e.g.: data quality issue), it
c al FRMO is not consi stent with the TSOO0s
CNE. Should this case arise, the TSO wil/l
It is i mportant to note here that:
This adjustment is supposed to be relative
bitrary re-setting of the FRM but an adapt
i cal wvalue. It happens only once per CNE d
ot her wor ds, the TSO wildl not adj ust its
computation). Eventually, the operational
once and then becomes a fixed parameter in
This adjust ment process is not expected t
ther rare on the contrary, as much effort
tiveness of the theoretical wvalues.
The differences between operationally adju
ues shall be systematically monitored and
formali zed i n a dedicated report t owar ds
14.5) .
The theoretical values remain a fAreference
to any methodol ogi cal change which woul d
FRM.
8 A dedicated, confidenti al report on FRM (FRM valu
for main active Critical Branches of the parall el r
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For matter of clarification, we remind he
CNEC for the N-1 cases), the FRM campaign
value which then wil/ be a fixed paramet e

FRM is not a variable parameter.

However, since FRM values are a model of t
which TSOs need to hedge, and considering
environment i n which TSOs are operating,
vantages of building up a | arger sampl e
computation implies regular re-assessment
guently, TSOs consider recomputing FRM val
principles but using updated input dat a, o]

once per year.

The gener al FRM computation process can tt
the foll owing figure:

Step E®laboration of statistical di stribut|
work El ements, in N and N-1 situations.
Step Zomputation of theoretical (or refere
of a risk | evel on the statistical di strib
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Step ¥alidation and potentially operati ona

erational adjustment i s meant to be wused s
CNE, and systematically justified and docu
CWE TSOs intend a regular wupdate, at | east
values wusing the same princi praeys .t rHxgcgeeprt i
an accelerated FRM re-assessment in a shot
al | cases one should keep in mind that for
ness, the new context integrated into new
encompassed in several mont hs of dat a.

I n practice, FRM values have been comput e

basis of the winter 2010-2011 and summer 2

i cal overview below displays the FRM value

active CNEs of the internal parall el run

notice here that

- FRM values spread between 5% and 20% of
Fmax of the | ine, depending on the wunce
flows on the CNECs.

- Operational adjustments are performed i

crease or decrease calculated FRM value)

sist in correcting outliers, or missing,
*Exceptional events could be: i mportant modi ficati
commi ssioning of |l arge generating wunits...), chang
met hod, enl argement of the coupled area, i mpl emen !
coupling etc. ..
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Figure: 4Baphi cal overview of the operational FRM val
the parallel run (CNE | abelling is purely arbitrary a

ture fixed anonymizati on)

The values that wil/l be used for go-live a
on the basis of year 2013 data by CWE TSOs
mented by the end of May 2014. I n this wa
FRM values is guaranteed during the parall
wi || be communicated to the NRAs in this r

for each active CNE of the current paralle

- The reference FRM

- The operational adjustment1l0 and its jus
100perational adjustment is not a daily operational
possibly done on FRM values when the | atter are conm
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4. 1.9Specific |Iimitations not as:
with Critical Net wor k EIl ements (

constraints)

Besi des el ectrical Critical Net wor k El eme |

tions may be necessary to guarantee a sec

port/ Export Il i mits declared by TSO are t ak
cialo Critical Net wor k EIl ement s, i n order
ket outcome does not exceed these | imits.
these constraints are not new, since alrea

plicitly when cbdbmpwWwithgFNd®sBased, they af
plicitly and their usage is justified by s

T Avoi d mar ket resul ts whi ch | ead t o st a

net work, detected by system dynamics st

Avoid mar ket resul ts whi ch ar e t oo far a\

flows going through the network in the bas
ceptional cases would induce extreme addit
ment s, |l eading to a situation which coul d

the concerned TSO during the verification

'"Di screpancies can be identified in some cases, f o
export (respectively import) NTCs of a given hub a

spectively import) EC of the same hub in FB. These

al reasons
1. At i mpl ementation | evel, the ATC and FB model
could Il ead to slightly different results.

2. The NTCs belong to an ¢ unlikely €& situation (t
export), therefore it is foreseeable that |just

and comparing them with ECs can |l ead to differe
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I n other words, FB capacity <calculation in
si s, based on a DC | oadflow approach. Thi
straints determined are active power flow
grid security goes beyond the active power
i ke:

voltage stability,
mdynamic stability,
ramping (DC cabl es, net positions),
need to be taken into account as wel | . Thi

tion of constraints outside the FB par ameil

call ed external constraints (ECs).

One also needs to keep in mind that EC are
sure security of supply and are in this re
mented as an input of the FB <calculation
the TSO operator does not decide including
day (or even hour), he wil/ al ways integr e
whatever the current operational condition

unacceptable situations.

These external constraints may also be mod
the gl obal net position (the sum of al | cr
certain bidding zone in the single day-ahe
the net position of the respective biddin
Capacity calculation regions (CCRs) whi ch
day-ahead coupling. When modeled as such,

part of the FB calculation and wil!/l t hus n

Net wor k EIl ement .

I n the case that an external constraint i s

ceives a shadow price. |l ndeed, t he shadow
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fare increase when the constrained el ement

The shadow price, a useful indicator to as
a given CNE, will be part of the active cc
NRAS.

External constraints versus FRM:

FRM values do not hel p to hedge against t

above. By construction, FRMs are not <cover
i ssues which can occur in extreme cases,
based Aonlyo on a DC model, but also becau
values |l ooking fAbackwardo, (based on histoc
cover situations which never happened. And
pose of external constrains, t o prevent
(which by definition did not happen), Il i ke
ity i ssues on the grid.

Therefore, FRM on t he one hand (statisti
Abackwardo, and fAinsideodo the FB DC model)

on the other hand (deterministic approach,
beyond the | imitations of the FB DC model)
cannot be a substitute to each other. Eac

own thresholds on the basis of complex stu

tional expertise acquired over the years.

The advantage of FB in this respect is tha
activation of external constrains fully ¢tr
EC explicit Critical Net work El ements (whi
count i mplicitly when computing NTCs) but
i dentifiable i n the publication. l ndeed, t
ward (0;0;0;1 or -1, the margin being the

can be directly |linked to its owner resp.
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| ates to the 1 or -1 in the PTDF matri x. T

er that full transparency is already provi
The following sections wil/|l depict in deta
TS®> to design and i mplement external const.
Austrian External Constraint
APG does not apply an i mport or export con:
German External Constraint:

For the German-Luxembourgian Bidding Zone

constraint is applied.

Dutch External Constraint:

TenneT NL determines the maxi mum i mport an
for the Netherlands based on off-line stu
voltage <coll apse and stability analysis d
export situations. The study can be repeat
may result i n an update of the applied val

straints of the Dutch net wor k.

Bel gi an External Constraint:
Elia uses an import | imit constraint which
stability of the networ k. Thi s i mi tati on

studies which are performed on a regular b

'2Any time a TSO plans to change its method for EC
to be done with NRAsO6 agreement, as it is the «ceé

change.
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French External Constraint:

RTE does not apply external constraints.

4. 2Coordinated Fl ow Based Capacity Cal cul at

4. 2.Merging

Basis for the calculation process is a mod
grid Model (CGM) t hat represents the best
sponding hour of the execution day (day D
within the process, the creation of the C
t wo-days ahead of day D. The CGM is a dat a

i ndi vidual grid models by a merging entity

This data set contains
T the single D-2CF data set s from CWE TS
( FR) , TenneT (NL), TenneT (DE), Transne
(DE), 50HzT (DE)'and APG (AT)

T the DACF data sets from the non-partici

nent al Europe

The network of German Control Bl ock (GCB)

( DACF) , TenneT DE, Transnet BW, Ampri on, 5
a pre-merge. DC cables |Iinked to other C o
as injections in the model. The schedul es

sistent with the forecasted exchange progr .

'3 The nclusion of the D-2CF data from Swis:
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The DACF data sets of non-participating T
the physical influences of these grids pr

calculating transfers between FR-BE-NL-DE-

not shown zones are external zones, whi ch
tive or negative injections.

NL DE PL rest of CE
A—

BE - cz Q
<+— FR ™
@ CH AT ::

IT

ES+PT
The merging process wil/l be done in the f:
to the internationally agreed merging rul e
1.Check of i ndi vidual dat a sets of t he p

participating TSOs:
T Check for format
T Check | oadfl ow convergence
2.Bal ance check (i mport/export situation):

I n case of mismatch, bal ance adjustment

nall CWE Merging Guidelines.

3.Merging process:
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T Check interconnector status. | f nec

according to the CWE Merging Guidel:

T Al CWE Control Bl ocks wil/ be adap
GSK in order to reach Balanced Day N
in a Feasibility Range provided by
process, of merging by wusing GSK, al

provi de their best estimate (shapin
main) and all ows a merge not i mpact.i

Based domain when reaching Reference

tions.
Note: the merging activity is not a fully
es a sanity check (format compliance, tie-
bal ance) of each individual file with a sp
i n case of inconsistencies.
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4.2 . Pr.e-qualififcation

Before the first FI ow Based parameter cal
the consistency of the applied CNE-file w
situati on. Speci al attention is given to

described in the CNE-file. Every TSO has t

RAs are available in the forecasted grid s
tions might have to be done. This pre-qua
tains, I f necessary, the i1 nformation shar

adj acent TSOs.

4. 2.Bentralized Initial-Flow Based paramet e
The Flow Based parameters computation i s &
tion. As the whole grid i1s I|linearized, t h
with the much faster DC approach and deliv
parameters needed for the following steps

' Prequalification is a CNE assessment phase avail:
process, during which each TSO can assess the rel e

spect to the operating conditions at the moment of

fore, operational experience plays a major role. Cc
ed by a tool which all ows an efficient review of t|
cross comparison of interconnectors and associated
prequalification is an introduction to qualificat:i

ment s t o be di scussed and coordinated bet ween TS Os

cess, which is why it is presented here before qua
guence. I n practice, prequalification can be done b
tation.
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i) Remaining Available Margin (RAM):

As the reference flow (Fref) i's the physic
common base case, It reflects the |l oading
El ements given the exchange programs of t

day. The RAM is determined with the for mul

RAM = Fmax 1 Fref i FRM i FAV - AMR

Out of the formul a, the calculation delive
er parameters, the remaining available mar
RAM is one of the inputs for the subsequen
justment for minimum RAM ( AMR) is applied
stéd

ii) Power Transfer Distribution Factors (P
The PTDFs are calculated by wvarying the e
zone (=market area), taking the zone- GSK i
single zone-variation the effect on every
and the effect on the |l oadflow is <calcul a

tional export of BE of 100 MW has an eff ec

CNE => PTDF = 10%) . The GSK for the zone |
fluence on the PTDF, as it transl ates the
crease of generation in the specific nodes
The PTDF characterizes the I|linearization o
guent process steps, every change in the e
1%p) ease refer to paragraph 4.2.5 for more details.
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| ated into changes of the flows on the CN
the PTDFs.

4. 2 Hl.ow Based parameter qualification

The operational FI ow Based parameter qual.
cuted |l ocally by each TSSO, and covers amon
action. For each non-redundant CNE, I i mi
domain, the TSO checks, I f Remedi al Action
could enlarge the Flow Based-domai n. Thi s

|l ocal capacity calculation procedures and

the nature and the complexity of the speci

applied explicitly in the CNE-file by a de

compl ex and the effect i s known or can be
the Final Adj ust ment Value (c. f. chapter .
bet ween CWE TSOs is needed for the applic
RAs. A coordination of cross-border Remedi
security of supply and can increase the ca
to the market. Il nformation sharing among T
this respect. Common procedures indicating
Remedi al Actions wil/ be applied for this
The aim is to qualify in this stage the ma
t hat can be given, with respect to the TS

|l owing <criteria and par ameters can help

phase:

T The Fl ow Based domain should be compar a
the previous day (i .e. max net positio
environment di d not change significant
forecast, outages, renewable energy for.

f The Fl ow Based domain should be bigger
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T The current reference program has to
Based-domai n, nor may there be violati
Fref < Fmax 1T FRM 1T FAV.

4. 2 . M.nRAM process

The MIi nRAM process is applied to provide :
the mar ket and to ensure that the capacity
region is compliant with the provisions o
(EU) 2019/ 943.

The MIinRAM process i s applied using the mi

each CNEC which guarantees a mini mal RAM p
The minRAM factor will be set'® met vCNeEC 20 %
l evel to comply with the minimum margin of
tional derogations and/ or action plans ff o

provisions of article 14 to 167 0f Regulati
I n exceptional circumstances, the minRAM f
20% by a TSO in case required to maintain

which case the TSO needs to justify this

ties.

18kor the bidding zones which calculate the i mpact
to forecast, the i mpact of this forecast mi ght | e
Mi nRAM applied higher than 70 %.

' Al'l derogations (AT, BE, hFER e&8ENLac tciaonn bpe afno ucnadch

foumeére NL action plamecan be found
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It iI's the responsibility of the individual
appropriate valwues for mi nRAM which ensur
mi ni mum margin of 70% and possible nati on:
action plans following from the relevant |
16 of Regul ation (EU) 2019/ 943, this docu
which minRAM values will be applied per TS
monitoring the compliance of the i1 ndividu

their rel evant NRA.

A TSO may apply his minRAM factor at diff
based calcul ation process and may deci de t
mi nRAM factor in certain circumstances on
set of the TSOsd CNECs, justified to regul

duction can be perfor med:

a . before the initial fl ow based
CNEC

b . at the qualification phase

C . during the wverification proces

The reducti on of t he mi nRAM f actor can be
when there are insufficient avail abl e r eme
i n order to ensure the security of supply .

steps mentioned above.

The high-1evel cal cul ation process is the
T CNECs with a RAM of | ess than the minR,
by Fmax at zero-balance are assigned an
ment for minRAM) in order to increase t
f Calculation of the AMR (negative value
pacity same as for FAV):
RAMR = Min(O0; Fmax T Fref 1T FRM - FMax
and X = minRAM factor
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T RAM provided in further calcul ati ons t
computed AMR:
RRAM = FMax 1 Fref 1T FRM i FAV 1 AMR

4. 2. FBl.ow Based parameter verification

After the qualification phase, the TSOs pr

to the Common System. Based on this wupdat ¢
FI ow Based-parameter calculation i1s start:
delivers the | argest possible Flow Based

Security of Supply (So0S) domai n. Thi s dome
to take into account the HAMIi nRAMO. Dur i nc

TSOs check whether the computed FIl ow Base

with a possibility to identify constraint
anal ysi s. Therefore, at this step of the p
sibility to ascertain the correctness of
generated by the centralized computation:

T TSOs can check the grid security in thi
vertices) of the Flow Based domain by c

ation pattern to the commonly observed

sponding vertex instead of wusing the | i
T TSOs can perform a full AC | oad fl ow ar
points, thereby taking into account rea
T TSOs can check iif the voltage | imits of

spected

TSOs can assess voltage stability (volt.
1 TSOs can investigate extreme net positi
I f security i ssues are discovered, TSOs (
Net wor k El ement files (by adding new CNEs
ceived upfront as being I imiting (for i ns
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bined and/ or wunusual schedul ed outages), b
just ment Value), or by excluding CNECs fro
tion).

After the wverification step and possibly

the final FI ow Based-parameter calcul ati on
i ncludes adjustment to long-term nominat. i«
and presolve (c.f. chapter 4.3.1) steps.

4 . 2 . L/ITA i nclusion check

The LTA inclusion can be performed in the
tem or by Euphemia. The execution of the L
mia is the target solution. The current s

the Flow Based Common System with Virtual
towards the target solution wil/l be noti fi
due ti me.

1.1l mpl ementation of LTA inclusion at FI ow

si de

Given that Programming Authorizations for
pacity (LTA) have already been sent out ir

cording to the current version of the Auct

allocated capacities of the yearly and mor
i ncluded in the initial FI ow Based-domain
taking into account the cross-border nomi

t hat the flow based domain provided to th

(after taking into account the cross-borde
i nclude the O hub-position point. This <ca
FI ow Based-parameter-calculation. The fund

signing this ALTA coverageo are explained

The figure below illustrates the calcul ati:
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Af ter each calculation a check can be per
avail able margin after LTA adjustment is n

For every presolved CNE the following chec

"Oi 'QQ0 Q'@ 0 "YOZ0 'YQ'Q 0 "YO

and then the foll owing equation is checked
RAM* = Fmax 1 Fref* - FRM i FAV- AMR < 0
Frnax _ l FRM: Flow

Reliability Margin

FRef
Reference Flow of the

Base case, reflecting

g the Reference
Exchanges of the Fep
Long-Term
Y/M-Trade Base Case Flow on the Base case iilnontad
of Ref D . o
reflecting allocated capacities
Long-Term Capacities

D-Trade
of Ref D

Fo
I f the remaining margin is smaller than ze
not fully covered by the Fl ow Based domain
is applied that enlarges the Fl ow Based-do
are included. Virtual CNEs are <created an

place the CNE for which RAM < 0, and that
of all LTA, as illustrated in the figure b
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Automatic addition of
cBs

FB domain from
qualif/verif

Possible
precongestion

LTA domain ‘

[Mew Fedomain_]
| radomain |
Experience of the LTA inclusion can be fou
2.1l mpl ementation of LTA inclusion at Euphe
LTAO)
The LTA inclusion can be performed at Euph

TSOs send a virgin domain with Mi nRAM appl

Euphemi a will be able to combine the two d
| ate similar behavior as with the Virtual
wor ds, the concept is to allow the optimiz

bi nation of the LTA domain and the physicas
i's similar to the Virtual Branches domain
proach above), just without any VB <creatio
si bl e market clearing points should be the

proach, the approach is just more efficien
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The mat hemat i cal description can be found
whil e the comparison between the two appro
the Annex 14. 30.

Pl ease find a pedagogical exampl e bel ow. |
can find:
T A simplified physical FB domain in blue
T A LTA domain in red
T The alpha which represents the choice f

choose for one domain or the ot her

T The Virtual Branches domain in purple
The three first inputs are used by the ex"
can model the cyan domain which can be sim
(alpha = 1), to the FB domain (alpha =0) o
t ween. Therefore, the set of feasible mark:
the same as for the Virtual Branches appro
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Animation of LTA inclusion by Balas formulation
T T T T T

T T
| LTA domain |
3000 FB domain
Combined domain by Balas for certain o
IVB domain
2000 - -
1000 .
o
5
fg‘ oh a:0.52 -
Q.
3
Z
-1000 - -
-2000 - -
-3000 - -
1 1 1 1 1 1 |
-3000 -2000 -1000 0 1000 2000 3000
Net position 1
Remar k: Even i f the operational solution w
tended LTA approach, the computation of a
Virtual Branches as presented before wild@l
transparency towards Mar ket Parties, Shado:
ATC exctraction.
4. 2.I8TN adj ust ment
Il n case all CWE borders use FTRs, LTN adj u
As the reference flow (Fref) is the physic
common base case, it reflects the |l oading

El ements given the exchange programs of t
day. Therefore, this reference flow has 1t

account only the effect of the LTN (Long T
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D as soon as th¥y Bhe &ffoavmt on the domai

matically visualized in the following figu

adjusted (shifted)
FB domain

P
\\4

initial FB domain

For the LTN adjustment, the same principl
every constraining element. A |linear fback

with the LTNs multiplied with the PTDFs d

CNEs affected by these LTNs. The remainin
all ocation can be calcul ated by:
'8 A description of the publication of the initial

in Annex 14. 6.
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RAM = Fmax i Frefdéo ¥ FRM i FAV - AMR
Frefdo = Fref + (LTN T RefProg)*PTDF
4. 2.19nnt egration of HVDC interconnector on C

zone borders

1The CWE TSOs apply the ol ved fl ow-based

(¢
<

when including HVDC interconnectors on th

-

borders. According to this methodol ogy, a
over an HVDC interconnector on the CWE bi
model |l ed and optimised explicitly as a bi
pacity allocation, and is constrained by
this exchange has on all CNECs considered
domain used in capacity allocation.

21 n order to calculate the i mpact of the ¢

a HVDC interconnector on the CNECs, t he ¢
the cross-zonal HVDC shall be modell ed as
which functi n equivalently as bidding z

0 0
an exchange between two bidding zones A a

i nterconnector shal/l be expressed as an e
ding zone A to the wvirtual hub represent.
HVDC interconnector plus an exchange from

resenting the receiving end of the interc

zone B:

0 "YO3O; 0 "YORO 0 "YO'Oj 0 "YO'Oi 0 "YO{O

wi t h
0YC | zone-to®d$MCaek Virtual hub, 1 on a
with virtual hub 1 representing t
tion at the sendi

g end of t he
[

n
nector |l ocated in bidding zone A
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LYC | zone-todéMCaaek Virtual hubi 2 on a

with virtual hub 2 representing t
tion at the receiving end of t he
nector | ocated in bidding zone B

3The PTDFs for the & W0 Oy iarnbdiy®T10; haurbes

calcul ated for each CNEC and they are add
columns (representing two additional virt
exi stOirfognatri x, one for each virtual hub.

4 The virtual hubs i ntroduced by this metho

model |l ing the impact of an exchange throu
nector and no orders shall be attached to
coupling algorithm. The two virtual hubs
position of 0 MW, but their individual ne
exchanges over the interconnector. The f
of these virtual hubs shall be of the sam
wi || have an opposite sign.

4. 30utput dat a

4. 3.Fll.ow Based capacity domain

The Flow Based parameters that have been ¢

net positions, given the Critical Net wor k
by the TSOs in CWE, can be facilitated un
without endangering the grid security. As
rameters act as constraints in the optimiz
t he Market Coupling mechani sm: the net po
zones and virtual hubs i1 n the Market Coup
way enabling that the day-ahead mar ket wel

respecting the constraints provided by the
TSO point of view all FIl ow Based paramet e

contain information, not all FI ow Based pa
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t he Market Coupling mechani sm. l ndeed, on

constraints that are most ' imiting the net
spected in the Market Coupling: the non-re
redundant constraints are identified and
means of the so-called presolve. This pres
il lTustrated in the two-di mensional exampl e

I n the two-dimensi onal example shown above

the graph reflects the Flow Based paramet

wor k EIl ement . A line indicates for a spec
ment , the boundary between allowed and nc
tions: i . e. the net positions on one sid:

whereas the net positions on the other S i

Critical Net wor k EIl ement and endanger the
the non-redundant, or presol ved, FI ow Base
FIl ow Based capacity domain that is indicat
the two-di mensional figure above. |t IS Wi
pacity domain (yellow region) that the net

can be optimized by the Market Coupling m
tailed representation of a two-di mensi onal

main is shown hereunder.
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.Net position (B)

| | | N\"“e‘_t‘ position (A)

The intersection of mul tiple constraints,
exampl e above, defines the vertices of the
mai n.

4. 3.Qutputs for extended LTA i mpl ementation

When the Extended LTA inclusion is conside

files in order to compute the market coupl |
1.Virgin Fl owBased domain with Mi nRAM app

2. LTA domai n

4. 3.RBl.ow Based capacity domain indicators

From the Flow Based <capacity domai n, i ndi
t hat characterize the Flow Based-domain an
formation of the domai n. These indicators

ter 8) or monitored by the NRAs (see chapt:

T FIl ow Based-Volume: Avolumeo of the doma
RThe volume is computed in n-1 di men s
the number of hubs participating in

the sum of the n net positions must
RThe volume can be compared with the
er domai n, for instance the LTA doma

| ocated capacity domain).
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RThe i
for [
and t
T FIl ow Bas
1 Mi n- Max
val ues f
(by assu
ci fic Mi
position
di mensi o
(the res
as the c
the bl ue
f Mi n- Max
within t
changes

exchange

ntersection of di fferent vol ume
nstance t he i ntersection of t he
he LTA domai n.

ed-vertices: Net positions of t
net positions: Mi ni mum and max
or each hub, feasible within t
ming that all/l ot her CWE hubs coc
n- Max net position). An il lustr

s feasible within the Flow Base

nal example used so far, i's sho
pective vertices are indicated
orresponding Min-Max net positi
' i nes) .

bilater al exchanges between any
he Fl ow Based domain (by assumi

in CWE <contribute to this spec
) .
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Net position (B)

o=

’\_~

N“e‘t position (A)

4. 4D ATC Computation

The met hodol ogy for capacity calcul atio
ti meframe, which is applied for the intern

March 2016 is attached as Annex 14.22 ( Mei

cal culation for I D timeframe) to this docu
I f an external constraint applies on the g
then this external constraint wi || not be
FI ow Based parameters sent to PXs. To enst
an adapted external constraint I's added a
straint, the value is set to be the gl oba
cated capacities after MC (in relevant i mp

non- CWE borders and capacity calcul ated on
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4. LCapacity calcul ation on non CWE border ¢

pling)

Capacity calculation on non CWE borders 1is
CWE FB MC project. CWE FB MC just operate
(on CWE to Non-CWE-borders), based on appr
The standard hybrid coupling solution, whi:
continuity with the capacity calcul ation

ATC MC. By Astandardo, we mean that t he i |
with non-CWE hubso on CWE Critical Net wor Kk
i nto account explicitly at <capacity <calcul
ing exchanges CWE <-> non-CWE to the |l oad
ever, this influence physically exists and
count to make secure grid assessment s, and
rect way. To do so, CWE TSOs make assumpt
the eventual non- CWE exchanges, t hese ass
captured in the D2CF used as a basi s, or

pacity <calculations. What 6s mor e, uncertai
mentioned assumptions are integrated withi
such, these assumptions wil|l I mpact t he a\
Critical Net wor k EIl ement s. However, strict
explicitly booked for non-CWE exchanges on
CWE partners toget her wi t h rel evant part
study, after go-11ive, potenti al i mpl ement a
vanced hybrid coupling solutiono, that con
account the influence of non CWE exchanges
means, practically, the addition of new P
matrix and therefore | ess reliance on TSC
CWE exchanges, since the |l atter would becc
FB allocation).
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4. Backup and Fall back procedures for FI ow

cal cul ati on

I ntroductory dipsdelasiemenroit e t hat this secti

to capacity calculation Fallback principle
neither to address operational Fall back pr
mar ket -coupling Fallbacks (decoupling).

I n some circumstances, It can be i mpossi bl
pute Flow Based Parameters according to t
pl es These circumstances can be | inked to
tool s, in the communication fl ows, or in
dat a Should the case arise, and even tho
compute finormallydo Flow Based parameters ¢
couple of hour s, TSOs have to trigger a F
deliver in all/l circumstances a set of para
day. I ndeed, mar ket -coupling is only oper

compl ete data set for the whole day (ALL
available), mainly to cope with block orde

The approach foll owed by CWE TSOs in order

of Fl ow Based parameters, whatever the cir.
T First, TSOs can trigger Arepl acement str
the gaps i f some timestamps are missing
Based method is very sensitive to its 1in

to directly replace missing Flow Based pez¢

called fAspanning methodo. |l ndeed, trying
FI ow Based process on the basis of i nt e
give unrealistic results. The spanning m
tail in the following section. These spa
valid if a few timestamps are missing (u
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the Flow Based parameters over a too I|o

|l ead to unrealistic results.

T Second, in case of impossibility to span
CWE TSOs will depl oy the computation of
parameter so. Their principles are descri
graph.

The sketch below wil.l synthesise the gener

CWE TSOs:

Successfull computationsof the 24 time-stamps ? ﬂ— Normal process

-

1 or 2 time stamps missing only ? ﬂ Spanning missing FB parameters

o

Computing « Fall-Back » FB
parameters

Spanning methodol ogy

When Fl ow Based parameters are missing for

possible to computed spanned Flow Based p:

ceptable |l evel of risk, before using Fallb
The spanning process is based on an inter
Ssub-sequent available Flow Based domains,
bal ance (to delete i mpact of reference pro

i ntersection process pre-calculated spanni
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Il ntersectionF&tepach TSO, the active CNEs

ous and sub-sequent timestamps are compare

straining ones are taken into consideratio
R % O
TS1 TS2 TS3

@/ T

Spanning Margin calcuTlhei anmSoepthis step
fine the spanning margin needed for each T
case that spanning is applied. This spanni
ry day, after final FI ow Based parameters

simul ati on of 6what coul d have been t he S

rameterso, compared t o reall FI ow Based p
analysis). To reduce the margin impact on
performed per TSO (in this way, results o

parameters that are more fluctuating from
not i mpacted by results of TSOs with more

rameters) .

During this simulation, a raw spanned FI ow
| ated, and a check is done to know if eac
domain is included in the real TSO FIl ow E
test) :

T I f the spanning vertex is inside the
domai n, no extra margin is needed to
this TSO.

T 1'f the vertex is outside, an extra ma
necessary to keep the So0oS. The size of

cal cul ated and stored.
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OAfter the ful]l inclusion test, a hew
fined as t he maxi mum of al |l extra mar

before (for each TSO and each ti me st e

This reference margin is then added to th
ready calcul ated reference margins from t
stamp and each TSO), in order to update (

formula) the new spanning margi n.

S
y —

/ ‘ / \ A \
N
[\\,/'/ (\ /) [7‘ \\ ‘ ‘
e | Inclusion Test TSO 1
T81 Ts2 Tt Spanning ‘ T

1+3 _

| Inclusion Test TSO 2 |

TS02
Domain
Margin |
Calculation

. .‘: For TSO 1
-50 MW
&)
LAFor TSO 2t

TSO1
Domain

Included
Not Included

-25 MW

Fal |l bakclkow Based parameters

When Fl ow Based parameters are missing fo

CWE have to recompute them in a straightHf
they could be in a downgraded situation wkt
and/ or tooling are missing. For these rea:
t he Fal |l back FBParam on existing Long Ter
These capacities can indeed be converted e
ternal constraints (1i.e. i mport or export
more details), via a simple |Iinear operati
capacities provided in this case to the al
wi || adjust the | ong term capacities duri.
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process. Eventuall vy, delivered capacities

+ no for each border, transformed into FIc
being positive or nul/l and computed during
process. CWE TSOs, for obvious reasons of

not commit to any valwue for fAno at this st

Principles are summarized in the sketch be

Computing « Fall-Back » FB
parameters

|

# LTA+ n» on each border, nbeing
positive and optimised during the
capacity calculation process

|

Convert « LTA+n » into FB
constraints

One <can note that i n all cases, CWE TSOs
Based constraints over the entire day to

t em.

4. 7. ATC for Shadow Auctions

Il ntroductlinonccase of a decoupling in CWE, e X
tions (SA) will be organized.
With the TSO CS daily running, 24 Fl ow Ba:

mi ned as an input for the FB MC algorithm.
tem fails, the 24 F|low Based domains wil|l

determination of the SA ATCs that are inp
tions. I n ot her words: there wildl not be

pendent stage of ATC capacity calculation.
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As the selection of a set of ATCs from the
to an infinite set of choices, an algorit
determines the ATC values in a systematic
plied for the determination of the SA ATCs
rithm applied to compute the I D ATCs after
starting point of the computation is a dif
erative procedure to determine the SA ATC
mai hAs shown in the graph bel ow.
DA FB domain
ATC for | SA
1 domai n
* LTA domai”

Stepwise increase through equal split of remair

mar gi ns
l nput dat a:
Despite the two days per year with a <cloc
ti mestamps per day. The following input d.
ti mestamp:
!9 Keep in mind that that the LTA domain will systen
one, as explained in chapter 4.2. 7.
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T

LTA

1T presolved Flow Based parameters that w
sent to the market coupling algorithm.
straint applies on the global net posi |
external constraint wil/l not be refl ect
Based parameters sent to the market C Ol
ensure operational security an adapted
added as an additional FB constraint,
the gl obal constraint mi nus the ATCs (
export direction) on non-CWE borders.

OQut put dat a:
The calculation | eads to the foll owing out

T SA ATC

f number of iterations that were needed f
tation

T branches with zero margin after the SA

Al gor it hm:

The SA ATC calculation is an iterative pr o:
Starting point: First, the remaining avai
presolved CNEs have to be adjusted to take
i ng point of the iteration.
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From t he presol ved zomas & ag- huwurbe PIdDhRpBuUt(es
zone-to-zoneo4BEDFswh(ere only the positive n

stored:

P043%$&! 6 ave GiIYe ! 04%$8&"
wi t!'th"  $wh!4h&aéannre'ct ed via AC | ines at the
zone-to-zone PTDFs of nei ghbouring mar ket

(e.mo.4s&! 460 wi | | not be used).

I n case neighbouring market areas within
HVDC I inks and the evolved FB methodol ogy
mar ket coupling the z®WweQt oofhutbh eP TVvDFrst u(a l h

can be considered for t he calcul ati on of

PTDFs (pPTDF_z22z) bet ween bot h mar ket
pPTDFz2z(BEDC > DEDC) = max (0, PTDFz2h( BE)
+ PTDFz2h(ALDE) i PTDFz2h(DE) where ALBE
the virtual hubs) .

The i1terative procedure to determine the
LTA domai n. As such, with the i mpact of t|

in the RAMs, the RAMs need to be adjusted

21 - 21 - Po4%&! , 4.
lteration: The i1 terative method applied to
short comes down to the following actions
20 Negative PTDFs would relieve CNEs, which cannot

capacity calculation.
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For each CNE, share the remaining margin b
na.l borders that are positively influenced
From those shares of mar gi n, maxi mum bi |l &
comput ed by di viding each share by t he [
PTDF.

The bil ater al exchanges are updated by add

obtained over al |l CNEs.

Update the margins on the CNEs

using new

from step 3 and go back to step 1.

Thi s iteration continues unt il t

Net wor k El ements of the absolute

he

max i mu

di fferenc

computational step 1 +1 and step i i's small
The resulting SA ATCs get the values that
the maxi mum CWE i nternal bil ater al exchang
iteration and after rounding down to integ:
After algorithm execution, there are some
with no remaining available margin | eft. T
ments of the SA ATC computation.
The computation of the SA ATC domain can |
with the following pseudo-code:
Whi | e max(abs(margin(i +1) - margin(i) ]
onSAATC
For each CNE
For each non-zero entry in pPTDF
l ncr MaxBi |l Exchange =
gin(i)/ NbShares/ pPTDF _z2z
MaxBi |l Exchange = Max Bi | Exc he
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crMaxBil Exchange
End for
End for
For each ContractPath
MaxBil Exchange = min(MaxBji |l Excha
End for
For each CNE

mar gin(i +1) = mar gi n(i) T pPTDI
Bil Exchange

End for
End Whil e

SA_ _ATCs = Integer (MaxBil Exchanges)

Configurable parameters:

StopCriteri onSAATC (stop criterion); recom
NbShares (number of CWE internal commer Ci
value after i mplementation of ALEGrO is 6.
For borders connected via HVDC Il inks the

not exceed the maximum transmission capaci:
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5The CWE Mar ket Coupling Solution [/ Daily

This chapter describes the CWE Market Couj
ded in and as part of the Single Day Ahead
I n the next sections the high | evel busin
pl ained. They are devoted to:

T Terminol ogy

T The operational procedures and the rol e:

The high | evel functional architecture can

5.1. Definitions related to MC Operation

Nor mal Procegpluceedure describing the actio
by Agents to operate the CWE FB Mar ket Cou

occur s.

Backup Procemplnioeedure describing the actio

by Agents in order to operate the CWE FB |

problem occurs (when for any reason, t he
produced/ exchanged or i f a validation fail
or i f It i s known or may reasonably be ex

happen before target time).

Fall back Propedwereure describing the actio
by Agents in case the information cannot
either by Nor mal or Backup Procedure or if
Partial/ Full Decoupling deadline, or i f It
happen before the Partial/ Full Decoupling
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Ot her procegpurmnessdure describing actions to
agent in certain specific situations, whic

to Normal procedures.

Target time (for a gi veesnt ipnmactceedd urieme: t o conm

a procedure in a nor mal mode. I'f an i nci di
all ow applying the Nor mal procedure, and f
the Backup procedure is triggered.

Partial/ Full Decouplilmd ede adloimeent i n ti me
pl ete some procedure in Normal or Backup m
does not allow applying Normal or Backup p
before this time, Fallback procedure is tr

Partial/Full

Normal Procedures Normal procedures can still apply after target time

Backup procedures can apply before

target time Backup Procedures

Fallback Procedures

Fallback procedures can apply before fallback time e
Decoupling

preparation

Decoupling

Figure I5pntlerrel ationship between Nor mal procef
Fal |l back.
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5.2. High Level Architecture

The original Hi gh Level Architecture has b
regul atory report of t he MRC Day-Ahead Ma
(A3.1 resp. 3.7 of MRC Day-Ahead Market C

Regul atory Report), which has been sent f
Nati onal Regul atory Authorities.

For completeness of the provided informat.i
chapters of the MRC approval package are
ment (c.f. Annex 14. 7).

5.3. Operational procedures

The Mar ket Coupling process is divided int

i ng each phase, a number of common proced:!
under nor mal conditions. These procedures
cedures and Backup Procedures. Il n additi ol

common procedures which are not associat e

The procedures that belong to this categor

Fall back Procedures. Il n this paragraph we
| e Vb
The following procedures are specific for

tion and are not part of the MRC-document

quest .

2lpl ease refer to Annex 14.8 for detailed procedur e
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5. 3.Plhhase 1: provision of the Cross Zonal C
Al Il ocation Constraints by the TSOs

Phase 1 starts with the sending of the Cr
Al l ocation Constraints to the NEMO ECP Enc
Common System and ends when the Cross Zona
| ocation Constraints are successfully rec:
Coupling Modul e.

This procedure descri
NOR 1 Cross Zonaof the business process dedic
ties and All ocat|sending of the Cross Zonal Caj
straints Al l ocation Constraintsg by TSO

reception by NEMOs.

Description of t he actions t
BUP 1: Cross Zonal Capaci -

formed by the operator i n cas
ties and All ocatiion Con-

_ mal process described |in NOR_

straints

wor k.
5. 3.PRPhase 2: Final Confirmation of the Resu
Phase 2 starts with the sending of the Pri
final confirmation to the CWE TSO Common
ends with the reception of the Gl obal Fin:
sults by the CWE TSO Common System. Hereby
Results become firm.

Thi s procedur e descr
NOR_2 Final Conf .

phase of the business| process
of the Results b ) )

to verify and validateg the pr
TSO CS

results in a normal mojde.
BUP_2: Final Conbes@atphbenodf of the actions t
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the Results TSC|formed by the operatr

CsS ma | process described |in NOR_
wor k.

I n case of a negative Gl obal Final Confir

mittee wil.| be triggered according to CWE

description of the Fallback mechanism we r

5.3.PBhhase 3. 1: Mar ket Coupling Results and

changes Transfer

This phase starts with the sending of Mar k:
CWE TSO Common System (Verification Modul
Back- End Systems. Then, t he CWE TSO Comm
Coupling Module) wildl create programming a
sent via the CWE NEMOs ECP Endpoint to the
and Settl ement Support System, to TSO Back
the Congestion Revenue Distribution Systenm

Mar ket Coupling Results are sent to the CR

This procedure descril
NOR_ 3 Mar ket Cou
the third phase of t hhe busin
Results and Sche
regarding the steps that have
changes Transfer

formed in a nor mal mode.

Description of t he actions t
BUP_3: Mar ket Coupling Re- )

formed by the operator in cas
sults and Schedul ed EXx-

ma | process described |in NOR_
changes Transfer

wor k
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5. 3. Mhase 3. 2: Local Hub Nominati on, Cross -

nation and Congestion | ncome

This phase starts with the creation of CCP
nomi nation and cross-border nomi nation by
Systems and/ or CCP/ Shipping Systems and/ or
and Settl ement Support Systems. |t ends w

congestion rents from shipping modules to

NOF_ 4 Local Huba |This procedure descrilt
ti on, Cross-Bor|jof the third phase of |the busi

tion and Congestiregarding the steps that have

formed in a nor mal mo d| e
BUP_4lLocal Huba Description of t he actions t
tion, Scheduled foqﬁﬁéhaanesthe operator in cas
Notification, %5PSBF§859§rdescribed i n NOR_.

Nomi nati on and %8p@gstion

Il ncome

5. 3. ®&t.her Procedur es

Ot her Procedures are not associated to a s
t o certain situati ons, whi ch need t o be n

procedur e.

Documents describing
Ot her Procedures )
be perfor med under certain C
which are not back wup |or Falll
Description of modi filed ti me
actions to be performed in ca:
SPE_01 CWE Second Auction )
or exceptional <circumstances
second auction
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Description of used terminolo

OTH_01 CWE Prpcedur es
breviations in order to facil

Reading I nstruct|ions

ng of procedures

Description of messages that

OTH_02 I nternal aprdt Extneroraler to provijide an ¢
Communi cations munication during someg partic
ket situations or technical i

tion of t he di|f ferent

D
OTH_03 CWE Publi|c
a ociated timings

OTH_OCWE Mar kei Description of t he actions t

tor Tasks and f%?tm%td'%@/aICWE Mar ket Qperator
Scheme

Description of the pragcess to
OTH_05 Change control pro-

parties in case of chlange in
cedur e

systems
5. 3.Fal |l back procedures
Fall back procedures are applicable as soo
t hat prevents the timely allocation of the
cation process and/or the timely publicat]i
Resul ts. Il n this case an I ncident Commi tte
i ssue i s assessed and in case nhecessary, p
wi | | be assessed and agreed upon.

Document s describing
Fall back Procedushould be performed under Fal

ditions.

Description of the injitiation
FAL_O01 Incident MaRaogeHenmittee and the way di
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should be.
Description of the acti
by the operator in cage
FAL 02 Full Decoupling _
decl ared by the I ncideln
Description of the acti
FAL 03 Partial Dbyoupkimgperator in casle
is declared by the | nci
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6 Fall back arrangement for Mar ket Coupling

tion)

Thi s chapter presents the description of
Fall back arrangement in case of a problem
once the capacities (Flow Based parameters
NEMOs .

Regarding the FIl ow Based capacity cal cul &

pl ease refer to chapter 4. 6.

The Fallback arrangement i s described in f.
T Fall back situations

T Fall back solutions

T Principle of the Fallback arrangement

T Description of explicit PTRs all ocation
T Bids

1T Dat abase tool

1T Sequence of operations

f Matching and price determination rul es

6. 1. Fall back sitwuations
A Fall back sitwuation occurs when no mar k €
generated wuntil the time | i mit to trigger
solution for the CWE Region is described

the approved MRC Price Coupling Solution ¢

MRC Day- Ahead Mar ket Coupling Project, Fin
c.f. Annex 14.9.

The following paragraphs summarize the mos
i stics related to Fallback from the perspe

erating in the CWE region.
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The Fallback i1 s caused by the failure of

the Mar ket Coupling session, t hat affect t
ness process phase 2 (see 5.3, operationa
words, the Fallback is declared i f no Mar k
calcul ated and validated before the Parti a
of phase 2. For instance:

f some mar ket data may not be generated,
the algorithm, or the system on which i

technical wvalidations may return a finon:

One can note that i n al | cases, CWE TSOs

Based Parameters over the entire day to t|

t em.
6. 2. Fall back solutions

The l nci dent Committee wil/l assess and a
Fall back solution which can be either par
SDAC according to the observed incidents a
A Partial Decoupling is a situation where
cific day, to allocate the capacities vVvia
or several areas and/ or i nterconnectors be

Decoupling Deadline. After the Partial Dec
l ncident Committee, the process wild/l be f ¢
vant Nor mal procedur es, even though the ti

cordingly for the remaining coupled areas

For the decoupled areas and/ or i nterconne
dures are followed accordingly. I f, at t h
Mar ket Coupling Resul ts have not been pu
communication message informs Mar ket Part.i
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process and the risk of Full Decoupling. I

has been declared by the I ncident Commi tt e
its | ocal backup aucti on. The Fallback sol
capacity on CWE internal borders is shado

JAO, described in the next paragraphs

A Ful l Decoupling known in advance can on
the previous Market Coupling Session has r
pling and the corresponding critical I SSUE

the target time for publishing the CZCs.

6.3. Principle of the CWE Fallback Arrang:

The principle of the proposed Fall back ar
the ATCs for shadow auctions derived from
via a Ashadow explicit auctiono. The shado
of :

f maintaining a permanent data base wher
Mar ket Parties (Fallback participants)
withdraw, bids for capacity. During no
bids are not used;

f should a Fallback situation be decl ared
case of an i ncident during the daily se

tion System Operator (JAO) performs a S

| ocat e t he Avail abl e Transmi ssi on Capa
avail able wvalid bids; from the time of
auction, the participants are not al | ow
for the upcoming shadow auction.

T should a Fallback situation be decl ared
sessions of CWE MC in case of any fores
participants are allowed to update thei
time schedule communicated by the Shadoa
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Operator (JAO) ; the Shadow Auction Syst
performs a Shadow Auction to allocate t

sion capacities.

For the High-1evel Fall back Architecture,
The publication of Shadow Auction ATCs i s

6.4. Description of explicit PTRs allocat:.

The Shadow Auction allocates Physical Tr ar
for each oriented bidding zone border and
Using the ATC, provided by TSOs, and the

Shadow Auction System, the Shadow Auction

PTRs all ocated to the participants and t he
mi ng authorizations. The PTRs resulting fr
exceed the ATCs. The unused PTRs are | ost
pants (Ul OLI) if they are not nominated.

Since PTRs and programming authorizations
Fall back arrangement cannot take i nto acc«

posed capacities.

6. 5. Bids in case of explicit PTR all ocat.

6. 5.Content

A bid entered in the Shadow Auction Systen

i nfor mati on:

T the bidding zone border for which the
Net herl ands, Net herl ands- Ger many, Ger ma

Bel gium, Ger many-Austria or Germany-Bel
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Bi d
unc
cl a
acec
una
si o
Bi d
ted

bid
t he
bl e

AV a

Bi d

pre

the direction for which it applies (two
ding zone border),
the hourly period for which it applies,

a price to be paid for the capacity.

s inserted by the participants in the S
ondi tional and irrevocable once the Fal
red in case of an unforeseen unavail abi

ording to the new time schedule communi
vailability of the CWE FB MC is forecas
ns.

(s) submitted by the participant to a S
in a priority order according to thei
number has the highest priority. When a
s are created according to the priority
avail able capacity. The | ast created b
Capacity is reduced so the total of E

il abl e Capacity.

.Ri.cks and currency

S contain whole MW unit s, and Bi d Pri ce

ssed to a maxi mum of two deci mal pl aces

. 6. Shadow Auction System tool and bid s

Shadow Auction System enables partici
ording to the conditions set out i n th
the Shadow Auction System Operatorods (
ul ar , bids must be submitted i n accorda

ed in the relevant document ati on.
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6. 7. Sequence of operations in case of e X

| ocati on

The sequence of operations is applicable a
Fall back after t he Partial/ Ful l Decouplin
Fall back situation is announced in advanc:
and contractual basis remains the same as
1. At any ti me, Mar ket Parties are invite
entering into an agreement with the Shadow

tor (JAO) through applicable Shadow Al Il oc

on, they become AFallback participantso.
2. At any ti me, Mar ket Parties are invite:
entering into an agreement with the TSOs |

(meaning that the Market Parties should si
or designate their nomi nation responsibl e
tryds regul ation) .

3. Fall back participants are allowed to e
Auction System and amend or withdraw them.
4 . TSOs provide the Shadow Auction System
ATCs.

5. Should a Fallback situation be decl are
i nfor med and can updat e their bi ds accor
schedule communicated.

6 . The Shadow Auction System Operator (JA
Shadow Auction: it determines the PTRs al/l
participant and the corresponding programm
7. The Shadow Auction System Operator (J
Fall back participant with the results and
auction.

8 . The Shadow Awuction System Operator (J
TSO/ Fall back participant with al/l programm
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9. The Shadow Auction System Operator (JAC

ency data, as defined in chapter O0.
10. Mar ket Participants submit their order
Trading modules for day ahead market, per

The NEMOs then match and publish their res
11. Fall back participants submit their non

ing to the existing | ocal processes.

6. 8. Matching and price determination r ul

explicit PTR allocation
The Shadow Auction i s performed for each
within CWE, each direction and each hour,
1. The bids are ranked according to the d
price | imit.
2. I f the total capacity for which wvalid I
equal to or | ower than available capacity
t he marginal price is ni.l
3. I f the total capacity for which valid b
ceeds the available capacity for the aucti
al price I s equal to the |l owest bid price
4 . The highest bid(s) received for a capac
(do) not exceed the available capacity is
avail able capacity is then allocated to t

(have) submitted the next hi ghest bids pr

guested does not exceed the residual capac
repeated for the rest of the residual avai

5. | f the capacity requested wunder the ni
equal to or greater than the residual ava
selected either in full, or partially up

available capacity. The price of this bid
price.
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6 . I f two (2) or more participants have su

same bid price, for a total reqguested capa
sidual avail able capacity, the residual av
i n proportion to the capacity requested in
pant s, i n units of at | east one (1) MW. Th
rounded down to the nearest megawatt . The
constitutes the marginal price.

6. 9. Daily schedul e

A Fall back situation may be decl ared at an
of FB MC results. However, the timing of p
the moment i1t is triggered: i f known suf fi

I ng wil |l be adapted to the prevailing cond

nicated to the mar ket as early as possi bl e
this document correspond to the worst case
i's triggered at the MC results publication
I n the worst case, i . e. when the Fall back

13: 50, the underlying hypotheses are:

T The ti mespan bet ween publication of t he
results and cross-border nominations 1is

T 20 minutes are reserved for Market Part
ders on the NEMOs after the allocation
Auctions.

T Sufficient time must remain for the TSO
of the day ahead processes (e.g. ENTSO-

cal cul ation, margins calcul ati on)

6. 100pening hours

The access to the Shadow Auction System i

365 days a year, except for system mai nt
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nounced by the Shadow Auction System Oper
15 days in advance. Il n exceptional circum

be shorter.
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7  Economi c Assessment

7. 1. Results of the 2013 external paral |
The economic i mpact of FB MC compared to A
prices was initially demonstrated in the f

Based on the first year of the external ;
study of the i mpact of FB(l) MC has been p:
The study shows an approxi mat e day-ahead
crease of 79Mu (307 days simulated of 365)
age daily gain of 257 Ku. Therefore a soci
region of nearly 95M Euro on an annual b

(based on extrapol at ed resul ts of the av

crease, during the external parall el run f
2013) .
The parallel run al so showed some increase

l i mited correlation with prices under ATC
in the smaller markets.
Simul ations comparing ATC, FB MC and FBI

thermore the following results:

A Day
significantly better with FB MC or FBI
A Non

Ahead Mar ket Wel fare and Converge

intuitive situations wer e f ound.

t hrough FBI MC deteriorates only very s
Moreover, non-intuitive situations repr

tion of the analysed cases.

Notwithstanding the | imitations mentioned

study in Annex 14.10, the market I mpact an
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MC and FBI MC have a positive Iimpact on we
MC.

7.2. Sensitivity i.e. domain reduction st

The domain reduction study aims at provi d
the sensitivity of the market results to d
margin reduction is a simple tool to model
a |ink with physical real i ty.

T The objective of this study was to answer
to the FB domain have on market results.

tative results could be obtained by si mpl

confirmed in our study: The | evel of pric
with additional mar gi n;
T The day-ahead mar ket wel fare increases wi

We tried to quantify the I mpact.

|l mpact on price

The annual average prices are Ilittle affe:t
tions. However once the isolated case is |
fect s, especially for BE become more notic

erage price under FB is 0 44. 44, but this
when margins are reduced to only 10% of ¢t
margin is reduced to 90% of the current | e

to G 44.92).

| mpact on wel fare

The di fference i n welfare bet ween t he 1000

nite scenario is 383ku average per day. T
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t he current mar ket conditions wel fare cou

with additional mar gi n.
Wh e n w e consider t he rel ati ve i ncrease i n
i solated scenario over di stance between in

ed scenario) we observe that 90.3% of the
I zed. This would increase to 92.8% when r

110 %, or drop to 87.03% when margin is dec

There are | imitations too: di mini shing ret
guent i ncrease in margin wil/ i ncrease we
creased by wearlier mar gin increases. Thi s

margin from 10% to 20% raises average dai
whereas increasing margin from 20% to 30%
addi tional 380k u. The increase from 90%
119kd and from 100% to 110% 93ku. Real i zi:

wel fare potenti al with the infinite scenar
i ncreases i n margin.

Overall

Comparing the results from this study with
appears that as |l ong as margins are at | e
values the FB methodology stil]l outperform
in terms of welfare and price convergence.
The domain reduction study can be found in

7. 3. Decision on Intuitiveness

Buying at l ow( er) prices and selling at hi
fundament al for all/l kinds of trading and b
er , for maximising total day-ahead mar ket
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can happen that there Iis an exchange from

| ower price area, which i s non-intuitive.

Rel ated to FB MC, a situation (a combinat
prices and Net Export Positions) is said t
there exists at | east one set of bilateral
foll owing property: ARexchanges on each i ni
the |l ow price area to the high price areabo

I n October 2013 the Project Partners publ
CWE Enhanced Flow Based MC Intuitiveness
details related to intuitiveness. This ver
port is annexed to this approval document
The economic assessment for the complete vy
paral | el run indicates 421 non intuitive h

8, 2% of the congested hours).

The main outcome of the projectds assessme

with plain or intuitive CWE Flow Based mar
in the following overview, assessing the d
FBI against a set of criteria. The exhaust

Annex 14.13.
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Criterion In favour of FB “plain” In favour of FB “intuitive”
Volatility inconclusive

Price Signal Negligible difference

Liquidity resilience analysis: inconclusive

Welfare (global) Unknown Unknown

Welfare (DAMW)

X (though relatively small)

Welfare repartition

No statistically si

gnificant difference

1

ID X (considering DA capacity | X (considering ID capacity is
should not be allocated to | higher; mitigates DA welfare
ID) loss)

Investment inconclusive
SoS inconclusive
Communication to general . . . .
public Arguments against either alternative exist
Based on the inconclusive outcome of the s
has not been in a position to make a reco
start with FB or FBI The outcome of the
NRAs of June 2014 has given additional gui
Based on guidance by the CWE NRAs CWE FB
FB intuitive.
Regardl ess of this decision, the Project
Based plain and kept the possibility to r
go-1live.
Key descriptions and confirmation related
guested by the NRAs after the June 2014 <co
i n Annex 14.18.
During Q4 2019, CWE NRAs requested CWE pa
report, taking into account 4 years of dat
data after DE/ AT split. It was also requi
considerations related to performances. Th
in Annex 14.31 while the main results are
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observ

tuations occurred for 16. 2
h is not applied.

related to the applicatio
26 Mio. a4 for the whole MR
r 0.0002 % in relation to
ted under FBP. I n relati on:
uite small . Stil!l it repre.

nd the discussion on this

ive effects between countr
s exist. When a bidding zo
e under FBP and inversely.
e. As a consequence, the p
e consumers in the i mporti

to first solution for t he

1% in the | atest bidding
ch is the most demandi ng
ation taking iIinto account

to face for the upcoming

FB, mar ket ti me unit of 15

are | oss mentioned above i
ays the differences bet wee
in terms of prices and vol
ating that 1 mport differen
ing zone, a price differen:

ed between the price that
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served under FBP and the price that was ac-
FBI The price differences in the other bi
significantly affected, |l eading to i mporta
t ween bidding zones. These rare but spect a:
easily understood by mar ket participants,
tion the additional value in terms of intu
FBI
The reduced wutilization of the grid is il/l
pact on ALEGrO interconnector. This HVDC i
Bel gium and Ger many wi | | be i mpl ement ed
Evolved Flow Based (EFB) approach where th
nector is determined by the market coupl i
maxi mi ze the welfare. FBI |l eads to set thi
more cases than wunder FBP, and these case
with price differences. One may find count
on a controll able HVDC interconnector i S
there iIis price difference.
Conclusions of the report
Considering that the removal of the iIintuidt
hi gher wel far e, a better price convergence
spi ke situations, a higher wutilization of
perfor mances, CWE NRAs agreed to remove th
as of the technical go-live '‘dfof AMBRGIC® ) ( CWE
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8 Publication of dat a

This paragraph describes how the Project &
essary data towards Mar ket Parties of the
Coupling, in order to facilitate the mar ke¢

|l egi sl ati on.
e

Th i ssue of data publication (transparenc
responses of the first public consultation
nex 14.14). The results have been discusse
expert meetings afterwards. Additionally t
es with MPs about transparency needs in F
meetings and Mar ket Fora. To keep business
ality, the Project furthermore had bil ate

MPs to better understand processes and dat
As a resul t, an approach for data-supply
covers the main needs of MPs has been def|
al | data directly published by the project
JAO website is provided in form of a publ
can be found on t’?ReasIA@Iwebsite

For monitoring purposes the National Regul
ditional (confidential) data and i nf or mat
chapter 9). Based on national and EU-1legi s
guest from the NRAs, the Project wildl prov
for monitoring purposes. Publications of n

be commonly agreed from case to case.

22 http://www.jao.eu/cwemc_publicationhandbook
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Relation to EU Regul ations

nsparency obligations related to conge

rently mainly regulated by Regulation (

ex 1 A 5, and the Commission Regulati on
mi ssi on and publication of dat a i n e
nding Annex | to Regulation (EC) No 714
|l i ament and of the Council (entered int.

transparency regulation and the abovem

se CM-Guidelines oblige TSOs to publish

ated to congestion management in genera
ci fic. Specifically for FI ow Based, t h
esees in its article 11 A1 that TSOs, f
l i cabl e, transmission capacity allocato
e the following information to the ENTS
in advance of the allocation process:
The relevant fl ow based parameters 1in
allocationo

t, for transparency issues, there i1s th
whol esal e energy market i ntegrity and t
competition | aw, the Project has to co
the Project Partner s, It i's the respon:e
TSOs to fulfil the requirements of all/l
this chapter we especially present t he
Mar ket Parties in their bidding behavi

a produced by the common MC system and
the Project Partner s. The publication o
red by Commi ssion Regulation (EU) No 54

https://transparency.entsoe. eu.
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8. 2Gener al information to be published

The following gener al i nformati on I s al r e
document and will be updated and published
f Description of the coordinated FIl ow Base
met hodol ogy,
THigh-1evel business process of Flow Base
TA description of the CWE FB MC solution,

T Fall back arrangements in case of decoupl

Further more, a description of the market ¢

|l i shed by the NEMOs operating this algorit

8. 3Daily publication of Flow Based Market

It i's the obligation of ENTSO-E to publis
the cross border exchanges on the ENTSO-E
mandate a third party, Il i ke JAO, to del i ve
to the ENTSO-E Transparency platfor m. For

j ect Partners have decided to provide easi
out i n t he next t wo Ssubsections on a

(www. JAO. eu) .

8. 3. Daily publication of data before GCT

I ntitial FIl ow- Based parameters (without LT
Based on requests from MPsd&d side, the Pro
mation and analysing purposes initial FI ow
1.

For this set of FB-parameters al/l l ong ter

borders are assumed as zero (LT-noms=0).
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The technical provision is similar to the

utility Tool

Final FIl ow- Based parameters

The TSOs will publish for each hour of th
Based parameters i .e. the fixed Critical

Transfer Distribution Factors (PTDFs) and
Margin (RAM) on Critical Net wor k El ement s
CNEC, the applied Adj ust ment for Mi ni mum
mi nRAMfactor values along with a justifica
the mi nRAMfactor based on derogations (if
This publication shal/l comply with the obl

the transparency regul ati on.

The Fl ow Based parameters wil/ be avail abl
target time) via the Utility Tool, daily f.
next day from the JAO website. The Utility
from JAO website.
The | ook and main features of the Utility
ne¥out! Verwijzingsbron.niet gevonden.
Content Wher ell Wh o Wh e n Uni t
Human readabl e pame Critbh--1 (120: 30
cal Net work EIl ements CHETAO -

D-1 (10: 30
Zonal PTDFs JAQCET) -

D-1 (10: 30
RAMs JAO CET) MW

D-1 (10: 30
F ma x JAO CET) MW

D-1 (10: 30
Fref JAO CET) MW

D-1 (10: 30
FRM JAO CET) MW

D-1 (10: 30
FAV JAO CET) MW
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D-1 (10: 30

A MR JAO CET) MW
D-1 (10: 30
mi nRAM factor JAQOET) %

D-1 (10: 30
Mi nRAM Factor JustificatCBh) JJAO -

Final Virgin Flow Based domain
The TSOs will publish for each hour of th
Based parameters similarly to the specific

D-1 10h30. The final wvirgin flow based dom
as the final FB domain with MinRAM applied

Final Shadow Auction ATCs

The final Shadow Auction ATCs (border and
time unit wild.l be published at D-1 (10:30
er with the FB parameters. The form of pub

Annex 14. 16.

8. 3. Publication of data after Market Coupl

The Project wildl comply with the respectiyv
& (e) of the transparency Regul ation.
Additionall vy, in the framework of separate

the following data is published:

On JAO Website:
1T Capacity all ocated

T The tot al congestion income in the CWE

I n addition to the data above, the Project

| owi ng dat a:
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T mar ket prices: t he mar ket prices for ea
mar ket time unit of the day wil/ be pub
the ENTSO-E ptapéormtf{ansparégncy. ent soe.

T Aggregated supply and demand curves for
unit of the day wil!/| be published by th
their hub.

These data wil.l be published after FI ow B
mar ket time unit (presently an hour) of th

Content Wher el Wh o Wh e n Uni t

Capacity al bcated

. . 13: 0040

(used marglnJoAnO/CrEiI\ItTlso-CEET MW

cal Net work EIl ements)
19: 040

Congestion i ncome JAO/ ENMTSO- E

CET

| ndi vi dual bidding zone{l13: 04(

_ NEMOs' websites|a/ MWh

prices CET

Aggregated supply and

14: 00
demand curvesNEMOs' websites]|-

CET
each market time uni't
Overview CWE| bidding 14: 00

_ ENTSO- E ua/ MWh
zone prices CET
Net positions per bid- [|13:00¢
JAO |/ ENTSO- E MW

ding zone CET
8. 3. Publication of additional CNEC i nfor ma
CWE partners wil/|l publ i sh, for each day w
the 1| 1ist of al |l Critical Net wor k EIl ement s,
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The data for 2020-04-16 has been retrieved successfuly.

Row | OutageName | EIC_Code  CriticalBranchName | EIC_Code
195667 [BE-BE] PST_\ 22T-BE-P< [BE-BE] Aveigem - Ho1 221201610
195385 [BE-BE] PST_\ 22T-BE-PS [BE-BE] Gramme - Va 227201610
201278 [BE-BE] PST_\22T-BE-P< BE-BE] Gramme - Va 227201610
204527 [BE-BE] PST_\22T-BE-PS [BE-FR] Achene - Lon 10T-BE-FR
202128 [BE-BE] PST_\ 22T-BE-PS [BE-FR] Aveigem - Ma 10T-BE-FR
200893 [BE-BE] PST_\ 22T-BE-PS [BE-FR] Aubange - Mc 10T-BE-FR
202896 [BE-BE] PST_\ 22T-BE-PS [BE-FR] Aubange - Mc 10T-BE-FR
194445 [BE-BE] PST_\ 22T-BE-P [BE-BE] Gramme - Lix 22T-BE-IN-
199567 [BE-BE] PST_\22T-BE-PS BE-BE] Lixhe - Van E 227201801
197541 [BE-BE] PST_\ 22T-BE-PS [BE-BE] Achene - Gra 22T-BE-IN-
203295 [BE-BE] PST_\22T-BE-PS [BE-BE] PST_ZANDV_ 22T-BE-PS
204917 [BE-BE] PST_\ 22T-BE-PS [BE-BE] PST_ZANDV_ 221201610
202727 [BE-BE] PST_\ 22T-BE-PS [BE-BE] Doel - Mercat 22T-BE-IN-
199441 [BE-BE] PST_\22T-BE-PS [BE-BE] Dosl - Mercat 22T-BE-IN-
205177 [BE-BE] PST_\ 22T-BE-PS [BE-BE] Doel - Mercat 22T-BE-IN-
201764 (BE-BE] PST_\22T-BE-PE [BE-BE] Courcells - (22T-BE-IN-
203856 [BE-BE] PST_\22T-BE-PS [BE-BE] Champion - C 22T-BE-IN-
200683 [BE-BE] PST_\ 22T-BE-PS [BE-BE] Champion - C 22T-BE-IN-
195963 [BE-FR] Achen 10T-BE-FR[BE-FR] Avelgem - Ma 10T-BE-FR
199579 BASECASE [AT-AT] Westirol Tran 14T-38220
204837 [NL-D7) Maasb 10T-DE-NL [NL-D7] Maasbracht - 10T-DE-NL
195291 [D2-NL] Diele - 10T-DE-NL [D7-D7] PST Gronau [ 1170-0000
197009 [AT-AT] Westi 14T-38220 [D4-AT] Buers - Westt 10T-AT-DE

por

195355 BASECASE _import NA
199210 [D7-FR] Ensdo 10T-DE-FF [D7-FR] Ensdorf - Vig) 10T-DE-FF
195545 [D7-FR] Ensdo 10T-DE-FF [D7-FR] Ensdorf - Vigy 10T-DE-FF
194135 [D7-FR] Ensdo 10T-DE-FF [D7-FR] Ensdorf - Vig) 10T-DE-FF
197349 [D7-FR] Ensdo 10T-DE-FF [D7-FR] Ensdorf - Vig) 10T-DE-FR
199777 [D7-FR] Ensdo 10T-DE-FF [D7-FR] Ensdorf - Vig) 10T-DE-FR
198010 (D7-FR] Ensdo 10T-DE-FF (D7-FR] Ensdorf - Vigy 10T-DE-FF;
194926 (D7-FR] Ensdo 10T-DE-FF (D7-FR] Ensdorf - Vigy 10T-DE-FF
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C WE

t he ut
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t he

El

and

RemainingAvailableMargin (MW)

Al

e

human

name

CNE

and

ngency
Fref,

CNEC

styl e
ements i

NRASs .

FRM | FAV [AMR] MinRAMFactor

readabl

Z0one

FR-BE",

or

partner

ity

FRM,

presol v

publicati on

of thi

S

MinRAMFactorjustification
RAM used by external exchan AT
RAM used by extornal exchan AT
65 RAM used by extornal exchan AT
51 RAM used by external exchan AT
50 RAM used by external exchan AT
62 RAM used by external exchan AT
61 RAM used by extornal exchan AT
RAM used by extornal exchan AT
RAM used by external exchan AT
59 RAM used by external exchan AT
58 RAM used by external exchan AT
60 RAM used by extornal exchan AT
65 RAM used by extornal exchan AT
65 RAM used by external exchan AT
65 RAM used by external exchan AT
67 RAM used by external exchan AT
68 RAM used by extornal exchan AT

66
66
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20N A

20N A

20N A
fixed | abel

name co

e

name

TSO <can

Name,

human

BiddingArea_Shortname

bor d
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FR-DE",

S

tool ,

t h
FAV
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wi ||
ad
t he

S

Factor | B
0,00533 BE
0,00018 BE
000071 BE
0,00643 BE
001201 BE
-0,00032 BE
0,00037 BE
0,00039 BE
0,00018 BE
0,00643 BE
0,00446 BE
0,00446 BE

0,10198 BE
,00000 BE
0,03051 BE
002641 BE
003209 BE
0,02945 BE
0,03518 BE
002738 BE
0,02793 BE

ingArea_Shortname.

wi ||
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e
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("BE
BE- NL"

publ i st

t
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wi |
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status,

readabl
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convent

BE,
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T Direction can be DIR or OPP. DI R means t
tored from firstly mentioned hub/ subst a

mentioned hub/ substation. OPP inverts the

T The CNE name always has to include the |

nected substation names divided by a hypt

be I|listed in alphabetical order (TNG wi l
not crucial to do so or harmonize this).
1T TSOs use DIR and OPP to indicate the d

change the order of substations.
T I'f there is a hyphen in a substation name

T Exampl es:

R[BE-FR] Achene i Lonny 19 [ DIR] [ BE]
R[BE-BE] Avelgem 1 Horta 101 [ DI R]
Tripods publication name:
[ hubFrom-hubTo] Y - substation (- substati
rection] ( + [TSO] if a tie-Iline)
T Y stands for the node connecting all thre

[ substation] defines the branch of the tr

it i s monitored from the Y-node to the s
DI R. Ot her wi se it i s OPP.
T [ hubFr om] i ndicates where the first node
T TSOs use DI R and OPP t o i ndi cat e t he d

change the order of substations.
T I'f there is a hyphen in a substation name

T Exampl e: [ D4- D4] Y - Engstlatt (- Oberje:
rot [ DI R]

PSTs publication name:
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[ hubFrom-hubTo] PST name [Direction] ( +
T Each TSO does their best effort for the d

T I'f there is a hyphen in a substation name

8. 5Publication of aggregated information r

2 common grid model

Daily at D-1 the following aggregated hour
the common grid model wil/ be published:
1.Vertical Load
2.Generation
3.Best forecast Net Positions for BE,
BE, ALDE which represent the total

each bidding zone, and not only the

I nformation related to this data items ar e
AnD2CF Fil es, exchange Programso. Wi nd - an

taken into account (subtracted from) the v

e data for 2018-02-22 has been retrieved successfully.

D2CF per Hub (in M)

Vertical load

AT BE DE FR NL AT BE DE FR NL AT BE DE FR NL
1 9849 41657 56722 9175 7800 47996 61393 11264 -1279 5238 3457 1910 7752 53993 -1848
2 8552 40101 543930 8796 7265 46363 59136 1270 -1510 5160 2938 2292 7483 5710 -1857
3 3486 39306 54136 8663 6976 45277 57920 11043 -1732 4851 2556 2201 7747 5655 -2170
4 8523 40137 51774 8601 6780 45605 56106 10727 -1964 4424 3245 1953 8148 5584 -2632
5 8550 40175 51255 8691 6799 44845 56674 11069 -1974 3626 4351 2217 7372 5657 -1798
3 8583 42563 53602 9132 7546 47248 58857 11932 -1262 3655 4192 2633 8052 5848 -2291
7 9751 50334 58256 10314 8093 54989 63548 12463 -1896 3745 4261 1958 9159 7053 221
8 10255 55858 62622 12164 9477 53317 68305 13333 -1031 2595 4571 955 10133 8367 -1891
9 10204 56160 6481 13018 9847 53761 63498 13305 -615 2755 361 63 10459 8583 -2004
10 10039 53012 64643 13106 9836 57742 639762 13356 -453 3866 4018 27 10554 8507 -2174
1 9644 50140 63777 12584 9463 56206 68026 13411 -429 5123 3180 801 10582 8165 -2539
12 9467 48134 62838 11994 8982 55446 66583 13352 726 8331 2ns 1128 10541 7869 2789
13 2988 45723 61263 1675 8787 54351 65854 13265 -438 8225 3582 1362 10329 7646 -2798
4 3016 45178 53652 11561 8569 54867 65707 13318 -682 2688 5080 1525 10256 7638 -2733
15 9083 45298 58101 11544 8569 54342 65183 13332 -750 3652 6133 1564 10164 7769 -251
1€ 9327 45346 56586 11824 8561 55200 65224 13338 -1004 8280 7769 1298 10155 7969 -2305
17 9564 47530 56141 12508 8879 55673 65548 13437 -923 7205 8556 715 10297 8229 -2191
18 9925 52343 57606 12794 9220 57750 66333 13598 -943 4625 7762 592 10600 8957 1777
13 104393 54792 62446 12523 9592 61695 68053 13658 -1154 8071 4580 916 10857 3088 -1705
20 10185 52945 66129 12243 9560 61898 7031 13665 -877 8102 2341 187 10213 8961 -1392
21 9733 48144 62295 11530 9106 58332 68227 13006 -872 9323 4689 1189 9608 7934 -1734
22 9269 45272 59395 10896 3471 55144 64982 12398 -1035 8922 4312 1276 8980 6284 -2730
23 9483 43546 58503 10085 8072 53233 64130 11881 -1648 8710 4303 1585 8803 5744 -3151
24 9424 40100 60380 9470 7308 49618 65092 11405 -1751 8422 3351 1732 8261 5320 -3020
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Figure &gfyregated hourly information related to the common grid

I n addi tion, Ref prog Bil ater al exchanges
borders and non-CWE borders ar® published

AT=>CZ, AT=>HU, AT=>S|, BE=>NL, BE=>DE (DC)
CH=>AT, CH=>DE, CH=>FR, CH=>IT, CzZ=>SK, DE
DE=>CZzZ, DE=>NL, DE=>PL, ES=>MA, ES=>PT, FR
FR=>DE, FR=>ES, FR=>|T, GR=>AL, GR=>BG, GR

GR=>RS, GR=>TR, | T=>AT, I T=>S1 , PL=>CZ, PL
RO=>BG, RO=>HU, SI =>HU, SK=>HU, RS=>AL, RS =
RS=>HU, RS=>RO0O, RS=>S1 , UA=>HU, UA=>RO, UA
8. 6Publication of data in Fallback mode

The Fallback solution for CWE FB MC is co
/| PCR Fall back arrangement s. It wi || be ATC
shadow auctions. These explicit auctions \
Shadow Auction System Operator (JAO).

The Shadow Auction System Operator (JAO) w

when necessary the foll owing gener al i nfor

T Shadow auction rul es;

23Note that Refprog bilateral exchanges refer t o

bl ocks.
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T names, phone and fax numbers and e- mail
sons to be contacted at the Shadow Auct
(JAO) ;

T the forms to be sent by participants;

T the information related to the time sch
auctions when they are decided in advan
tions) ;

T the shadow auction results, i ncluding t

pl ete Bid curves (amongst others the re

capacity allocated, the auction clear.

> 5

revenue); the results should be publis
|l ocation. ;

1T Data of past days wil/l be archived.

8. 7Cooperation with the Market Parties aft

A Flow Based User Group meeting (CWE Consu
held on a regul ar basis to discuss al/l re
MC operation from MPsdé perspective and to

MC sol uti on.

Page 126 of 146



9Monitoring
9.1. Monitoring and information to the NRASs
For monitoring purposes the CWE Project pr.
ditional data-items on a monthly basis to
ltems related to the FB capacity calcul at
1. Results of the hourly LTA checks
2. Results of the hourly NTC checks
3.Line Sensitivity Check
4. Hourly Min/ Max Net Positions
5. Hourly I ntraday ATCs for al/l CWE border
6. AT - Max Bil ater al Exchanges (hourly)
7. BE - Max Bil ater al Exchanges (hourly)
8. FR - Max Bil ater al Exchanges (hourly)
9. DE- Max Bil ater al Exchanges (hourly)
10NL - Max Bilateral Exchanges (hourly)
11Volume of the Fl ow-Based domains (hourl
l12Usage of the Final Adjustment Value FAYV
13External Constraints
l14Hourly Shadow Auction ATCs for al/|l C WE -
150verview of timestamps where spanning
mont h)
160Overview of timestamps for which defaul
were applied (per mont h)
17Hourly non-anonymized presolved CNECs,
PTDF, FMAX, FRM, FAV, RAM, FREF, AMR
18Key aggregated figures per bidding zone
aggregations)
Number of presolved CNEs
Number of precongested cases
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Number of CNEs exceeded by LTA
Number of CNEs exceeded by ATC
Number of of presolved CNEs with RAs a
Number of presolved CNEs without RAs a
Number of presolved CNEs, breaching th
Number of hours using the FAV
Number of hours, spanning technology w
Number of hour s, default FB parameters
191l n case of occurrence: justification wh
20l n case of occurrence: justification wh
pre-solved CNEs)
21l n case of occurrence: justification wh
from the MIi nRAM process
ltems related to the FB capacity all ocati
coupling)
1.Active CNEs (Hourly)
2.Shadow prices (Hourly)
3.Monthly top 10 of active constraints
4 . Number of days or hours, allocation wuse
ATCs instead of FB parameters
5.Number of congested CNEs
6. Number of congestions in the timestamps
prices (pending technical feasibility)
7.Price convergence indicator
8.Price convergence indicator: border-per
ences diagr ams
9.Wel fare | oss compare to infinite capaci
10ClI A- Reporting (congestion income all oca
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The templates for the foreseen reporting

are presented in Annex 14.20.

10 Schedul ed Exchanges and Net Posit

ti on

Scheduled Exchanges

Schedul ed Exchanges are calculated accordi
for Cal cul ating Schedul ed Exchanges resul
ahead coupling in accordance with Article
Regul ation (EU) 2015/1222 of 24 July 2015

on capacity allocation and congestion mana:

Net Position Validati on

After completing the Market Coupling Proce
the net positions for validation to the T

f or mal approval

As the MC system and the TSO CS use the sa

dation of the net positions (with the only

l evel s) , the results wildl normally be the
verification is a full acceptance or full
ket Coupling process.

Validation performed is based on simple pr

T Abs( NPout * NPin ) < Tolerance Margin
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2 Net Positions per Mar ket Area are

process: one in and one out. Only onct

T ( NPout - NPin ) < Tolerance Margin

Gl obal CWE Net position is zero.

1 ( ( NPouNP) n* PTDK Margj)n+(CNEer ance

mar gii n

Al l CNEs, adjusted to NetPosition t

saf e

The tolerance margins are parameters with

I f all these inequalities are correct, t he
cess is a ANGoo message to the MC System as

acceptance of Net Positions.
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11 Contractual scheme

I n this chapter the contractual scheme put
of CWE FB MC is presented.

CWE FB MC shall be seen in the context of
pling. To that extend, the CWE agreements
ments of the CWE region shall be compliant
forth in the Day-Ahead Operations Agreemen
I n this chapter, we will focus in particul.

T Principles of the CWE Framework agreeme
T Parties involved in the daily operation

T Ri sk management

11. Rrinciples of the Framework Agreement

The daily operation and maintenance of the
by a number of contracts between subsets
tracts are governed by the CWE Framewor k A
contract bet ween C WE NEMOs and CWE TSOs.
agreements between subsets of parties must
principles of the CWE Framewor k Agreement.

CWE Framework Agreement have been discusse

11. Roles and responsibilities of the Parti
I n order to operate Market Coupling to the
Parties have agreed to allocate the invol
certain individual Parties or a Subset of
ensured that al/l tasks and actions are per
petent body, and are executed in an effici
guish the foll owing actors:

T I'ndividual TSOs

Page 131 of 146



Joi nt TSOs
l ndi vi dual NEMOs
Joint NEMOs

Joint Parties

External service providers

this section we |isted the | egal entiti
t he Market Coupling. Il n the next sectio
roles of these involved actors.

.2Rbles of the individual/joint TSOs

individual TSOs are responsible to cal
-ahead Cross-Zonal Capacities (CzZCs) fo
Coupling. I n the context of FB MC, czcC
rs. FI ow Based parameters are determine
pling system according to the method deé
capacity calculation. After their deter
pling system sends the Flow Based para
ive in CWE, which forward them to the F
pling system is operated by all TSOs ta
joint TSOs are also responsible for th
Itions and of the calculation of bil at e
at result from the net positions. These

essary for the nomination of the cross
calcul ation of bilateral cross border
joint TSO post-coupling system. JAO i s
on behalf of the TSOs.
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11.

Th

mo
de
p |
P a
Af
be
de

an

11.

Th

ma

SPp
zo

2R»l es of the individual NEMOs

e individual NEMOs are responsible to c¢
om their participants, and to submit the

us order books to the PMB, a joint NEMO

r books are transferred and injected dir
i ng database. The order books contain al
rties in an aggregated and anonymous for
ter the Mar ket Coupling has been perfor
en set, the individual NEMOs are respons

rs placed by their participants that are

d to form the contracts with them.

2R®l es of the joint NEMOs

e joint CWE NEMOs are responsible for b
i ntenance of the PMB system and the mark
gether with further relevant NEMOs of t#F
onsi ble to calculate net positions and m

nes of the SDAC.

.2R&]l es of joint Parties

e CWE NEMOs and TSOs are together respo

ement of the CWE FB MC solution. Deci si c
on wi || be taken by al/l the parties. | n
e Parties wildl set up a joint steering

mmi ttee and an incident committee.

. 2Rl es of external service providers

order to operate an efficient Mar k et C

vV e deci ded t o out source a number of t as
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providers (e.g. JAO and Coreso). Ot her t a
service providers are:
T Shipping agent activities (nomi nati on
changes, financial <c¢clearing and settl em

1T Reception of congestion rents and distr

al TSOs. This task wildl be operated by
11. 2Se6mmary of operational rol es
Entity Rol e
TSOs

M Determine CZCs

he TSOs pre| coupl:i

. erate t
Coreso & TS(’R“(:)OP behalf of TSOs

ji—l'

T Coll ection of bids anmnd off el

NEMOs participants in thei.H© hub,
sion of t heir aggregated a
mous order books to tlhhe PMB.

)

Clearing Houses
T Financi al clearing anid sett]
i nation of c¢cross bordler exch

T Operation of the TSO ([post-co

tem (calculation of bjil atera
JAO . . .
T Congestion revenue dijstribut
TSOs
Operational roles at the time of submission of the
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11.

I n
ma k
sys

c ha

11.

The

who

cep
1

Bi sk management

order to mitigate risks related to chan

e the Market Coupling solution work as
tems, procedures and interfaces, the Pa
nge control procedure (c.f. chapter 121

®t her risks addressed prior Go Live

re were So0me ri sks on which the proj ec
se resolutions are an integral part of
tance criteria:

Negative welfare days and control of g
with respect to the size of the FB dom
ATC is not avail abl e anymore. This asp
the second report on specific parallel
able in September 2014).

Ri sk of |l ack of coupling capacity (in
hubs) due to a combination of possi bl e
behavior and FB domain sometimes just
cal LTA corners. This aspect were addre

sis of the risk and mitigation measures
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12 Change contro

l12.0Lnternal change

The change control

control

procedure ai

and | ar ge, in softwar e,

Whi |l st the majorit

a
cedur e i s robust t

rel evant Steering

y o

o the

f

Commi

nges or smal | textual

t

ms

systems,

changes

ar

changes,

processi

ng

tee (e.g.

Joint Steering Commi ttee) shal l

changes. Changes i

under the responsi

I n case a change |
Thi s document s hal

change could have

formation on the requested

performed in order

have a materi al i mpact

The proposal i's checked

change is perfor me

Exampl e ven a
da

Val i Approv
RFC RFC

e

processes

at

of t h i

trac

procedur

i kely
t i s st
of mo r
CWE TSO

deci de or

n the SDAC or the market
bility of the respective
S needed, a request for

I contain t he

for

to

d.

t

he other

deter mi ne

det ai | s,

parties ar

change.

T

hen, a

whet her t h

on t he common oper

to see

RFC Procedur e

C

M
h

a k
ang

e

Approve J
e

i f

t S c

control
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Si mple changes with a |l ow-risk solution a

components owned by a single or jJjoint part

items with no identified i mpact on common
are informed of such changes, with a fast
quired.

Al l ot her changes which are more compl ex,
ry, affecting multiple components or compo
sponsibility of more than one project part
i fications, but can be managed in fast tra
For simple changes, the change wil/l be 1 ec
This wil/ contain al/l the information requ
the change, the proposed solution, its I mp
the change wil|l be i mplemented. I n this ca

required to be completed.

12. 2ppr oval of changes of the CWE FB MC sol

Changes in the CWE FB MC met hodol ogy wil/l

ed, a for mal approval request towards the
be commonly approved. Al | changes wil |l be
tached to the initial approval document .
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13 Gl ossary

AC Active constraint

A MR Adjustment for Min RAM

ATC Avail able Transfer Capacity
ATC MC ATC Mar ket Coupling

CNE Critical Net wor k EIl ement

CNEC Critical Net work El ement Cont. i
CCP Cross Clearing Party

CEE Centr al Eastern Europe

CET Centr al European Ti me

CEWE Centr al East West Europe

CGM Common Grid Model

C Contingency

CS Common System

CWE Centr al Western Europe

CWE MO CWE Mar ket Operator

CzZCs Cross Zonal Capacities

D Delivery Day

D-1 Day Ahead

D- 2 Two- Days Ahead

D-2CF or D2CF Two- Days Ahead Congestion F
DA Day Ahead

DACF Day- Ahead Congestion Forecast
EC External Constraints

ENTSO- E European Network of Transmissi

tors for Electricity

EVB Evolved Fl ow Based

FAV Final Adjustment Val ue

F B FI ow Based

FB MC FI ow Based Mar ket Coupling

FBI MC FIl ow Based Intuitive Market C
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Fma x Maxi mum all owable flow on a giywv

wor k EIl ement

FRM FI ow Reliability Margin

GCB German control Dbl ock

GCT Gate Closure Ti me

GSK Generation Shift Key

HL A Hi gh Level Architecture

I C |l nci dent Committee

| D |l ntraday

I FA |l nterconnexi on France Angl eter

I ma x Maxi mum current on a Critical

LT Long Ter m

LTA Al l ocated capacity from LT auc

LTN Long Term Nominations

MC Mar ket Coupling

Mi nRAM Mi ni mum RAM

Mo U Memorandum of Understanding

MP Mar ket Party

MR C Mul t i Regi onal Coupling (succes
NWE project)

NA Not applicabl e

NEMO Nomi nated Electricity Market Op

NRA Nati onal Regul atory Authority

PCR Price Coupling of Regions

PLEF Pental ater al Energy Forum

P MB PCR Matcher and Broker (Joint PX

which embeds the PCR Algorithm ca
MRC Net Positions, Prices and Sch
changes on the non CWE interconne
PCR Coordinator PX operating the PMB syst
PTDF Power Transfer Distribution F
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PST
P X
RA
RAM
RSC
SAS
SDAC
SoS
TSO
TYNDP
UCTE

Phase-Shifting Transfor mer

Power Exchange

Remedi al Action
Remaining Available Margin
Regional Security Cooperation

Shadow Auction System

Single Day Ahead Coupling

Security of Supply

Transmi ssion System Operator

Ten-Year Net wor k Devel

(formerly Union for the

sion of Electricity (today
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14 Annexes

14. 1 Documentation of al | met hodol ogi cal c
the external paral l el run
14. 2Educational example AHow does Fl ow Bas

cal cul ation wor k?9o

14. 3High | evel business process FB capacit

(7]
o
—

14. 4 Exampl e di fferent types of Remedi a

be provided | ater)
14. 5Dedicated report on FRM (confidential)

14. 61l nformati on

-

egarding LTA inclusion
14. 7CWE High |l evel architecture (confident
14. 8Technical Procedures (confidential)
14. 9CWE High | evel Fall back architecture (
14. 1Economic assessment

14. 1Domain reduction study

14. 12ntuitiveness report
14.13ntuitiveness, Analysis for the FB/ FB(
14. 1Results of the survey/ consultation in
14. 1Presentation of the Utility Tool

14. 1®ublication of Shadow ATCs
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14.

14.

14.

14.

14.

14.

14.

14.

14.

14.

14.

14.

14.

14.

14.

14.

l1Monitoring templ ates

1&] ow-based Aintuitived explained
l1®reliminary LTA inclusion statistics
20Mi tigation to Curtailment of Price Tak

21 mpl ementation of FTR Options and t emj

solution
2Met hodol ogy for capacity calculation f
2&ontext paper CWE Intraday

2€Longestion income allocation wunder fl

ket Coupling

2Adequacy Study Report
2@Annex C_1 Transparency
2Annex C_2_ Transparency

2Report on SPAIC results for the integr
AT border into CWE Fl ow Based

2&8xtended LTA fortnoulbaet iionncl(uded May 2020

3®Pedagocical information on Extended LT

(to be included) May 2020

SCWE report: comparison fl ow-based pl a

based intuitive (2020)

S3Report on Congestion I ncome Distributi

Western Europe FI ow Based Mar ket Coug
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Twel ve Mont hs of Operation of the Biddi

bet ween Austria and Germany/ Luxembourg |

14. 3Evaluation of ALEGr O i mpact on CI D r
SPAI C Day assessment (2020)

14. 3£Expl anatory Note for | D Capacity Calcu

Not:e The current status of the annexes of 1

al package | isted above is available in th
noted that mo st of the annexes | isted hayv
time of the Go-live (May 2015):
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Notethis document is an update of the CWE FB MC app
age ver &ilomdadtedbecember 201811 Apr il 2019

The main changes compar &d atroe tthhee vieorl slioowm n4g.:
>XYp-date—Fetated—F+o—t+he—go—++ve—of Multiple NEMO
FRA—CWE—>b+ddi ng zones.
+xbeteti+on—6f—+he—Freneh——external constraint, wh i
duveed—Fo+—the—winter 2018/ 2019 period.
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iXlntroduction of the ALEGrO-cable in CWE FB capa:

tion: detailing how the ALEGrO HVDC between Amp
Elia wil./ be included in the CWE FBMC
iXEvol ved Fl ow-based: describing t he met hodl ogy

HVDC borders between two Bidding Zones

IXExtended LTA inclusion: explaining the wupdated

for LTA inclusion to keep the same precision and

formance.

OXCEP Mi nRAM calculation methods: detailing how ea

culates mininimum |l evels of avail able capacity f

trade according to Reqgulation (EU) 2019/ 943 of

on the internal mar ket for electricity (one of t

the Clean Energy Package).

nXRemoval of t he intuitiveness pat ch: switch fron

intuitive to Flow-Based based pl ain.
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1 Management summary

The purpose of this wupdated approval document i s
Regul ators of the CWE region with complete and up-
mat i on regarding t he applied solution of t he C WE
Mar ked Coupling (FB MC).

This document constitutes an update of the approval
edi+—Dbeeember 20181,1 rPowi i neodaebi-—agp| | cati on
efF—Mutt++—pteNEMO—Ar+anrgements—in all CWE bidding zo

iXlntroduction of the ALEGrO-cable in CWE FB capa:

tion: detailing how the ALEGrO HVDC between Amp
Elia wild/ be included in the CWE FBMC
iIXEvol ved FIl ow-based: describing t he met hodl ogy

HVDC borders between two Bidding Zones

iXExtended LTA inclusion: explaining the updated
for LTA inclusion to remain precision and i mpr
mance.

OXCEP Mi nRAM calculation methods: detailing how ea

state calculates minRAM according to the CEP.

iXRemoval of t he i ntuitiveness pat ch: switch fron

intuitive to Flow-Based based pl ain.

For the sake of consistency all provisions reflecte
are without prejudice to further methodol ogies and
wi || be implementedCasmirsesRueigrud cai B9 hn

2015/ 1222 (. CA@GM Regul ation (EU) 2019/ 943.

The CWE Mar ket Coupling Solution
The specific CWE Flow Based Market Coupling sol uti
part of the Single Day Ahead Coupling (SDAC).
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thvhCe, ddavirliyn g®open atgi on of

Mar ket Coupling the available capacity (final FI ow
i ncluding t hBe Sehtbbtlal ahlde ntehne PTDF -

matrix) wil!/ be published at 10: 30. Mar ket Parties
mit their bids and offers to one of the NEMOs in t
bef ore gate closure time. I n case results cannot b
Fall back mechanism for capacity allocation wil!/l be
l evel and there wild.l be a Full or Partial Decoupl in

NEMOs or bidding zones, following the SDAC Procedur

The solution is operated via a set of connected sys¢
tems are operated by RSCs, TSOs, jointly or i ndi vi
jointly or i ndividually, JAO and <clearing houses.
consist of three phases: provision of network data
rameters), calculation of results, and post publica
Fall back arrangement (capacity allocation)

I n the CWE MC procedur es, a Fallback situation occu
cident Commi ttee decl ar es that, for any reason, (
Coupling results cannot be published before the De
i ne.

The gener al principle of the CWE Fallback arrangeme

ATCs derived from the Flow Based parameters via a

it auctiond on decoupled borders. A bidding zone r
as | ong as c¢cross zonal capacities can be provided
coupling algorithm for at | east one border of that
borders of a certain bidding zone are decoupl ed, t
t he NEMOs in that bidding zone are removed from th
pling algorithm and become decoupl ed.

Mor eover, i f one NEMO cannot submit its order bool
bidding zone t o t he mar ket coupling al gorithm, t
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NEMOs in that bidding zone remain coupl ed. Decoupl

their own | ocal fallback auctions.
The Al gorithm
Mar ket results are calculated by a centralised marKk
rithm, which is a branch-and-bound algorithm desi gn
problem of coupling spot markets with block orders
technical reqguirements set by the SDAC and CWE proj
step and interpolated orders, flow based network un
sentation, ATC I inks and DC cables (possible with
and | osses). The algorithm outputs net positions an
mar ket and each hour, the set of accepted orders,
tion prices on each tight network el ement. These ol
requirements of a feasible solution, i ncluding cong
erties.
Capacity Calcul ati on
The CWE TSOs have designed a coordinated procedure
termination of Flow Based capacity parameters. This
sists of the following main steps

xMerging

xPre-qualification

xCentralized Initial-Fl ow Based parameter comput :

xFl ow Based parameter qualification

xXFl ow Based parameter verification

XLTA inclusion check

XLTN adjustment
This method had been tested in the external paral l e
ary 2013. TSOs devel oped the methodol ogy from prot
dustrialization.
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Any changes to the methodol ogy during the parallel

ject to change control, documented and published.

Economic Assessment

Extensive validation studies have been performed |
Partners, showing positive results. Among ot her s, t
an approximate increase in day-ahead mar ket wel fare
of 95M Euro on an annual basis (based on extrapol e
the average daily welfare increase, during the ext
from January to December 2013) . Ful | price <conver
whol e region improves significantly, although some
gence is | ost because of the intrinsic Flow Based
The net effect though is that the spread between av
es i s reduced.

| mpacts on price formation and volatility have al s

(c.f. BAne&i5)4.10

These <calcul ations were performed, using results ¢
comparing them with simulated FB(I) MC. I n order t
date the results, the Project Partners have perfo

anal yses, e.g. the domai n Ilrde dduteit5-)odn. 1slt udy ( Annex

FIl ow Based simulations can be found in the daily p.
cation on JAOO6s website.

The technical and economic i mpact of the bidding 2z

of t he Ger man and Austrian Hub on t he CWE FIl ow Ba

Coupling has been analysed via the standard proces
cate on and assess the impact of significant chang
results of this study &% ®k428t.t ached i n Annex

I ntuitiveness
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Base

sul t

d on the dedicated studies, the feedback during

ation and the eventual gui dance of the CWE NRA

has started with FBI
The parall el computation of results with FBP takes
15.
The removal of t he intuitiveness pat ch (switch t o
pl ace as of the technical go-live of ALEGr O in Eup
sues in terms of algorithm performance and opti mis
ties with the Evolved FIl ow-Based approach as wel |l
with ACEROs decision on algorithm methodol ogy defi:
cle 37 of Commission Regulation (EU) 2015/1222 (CAC
Transparency
The Project Partners publish wvarious operational
ments related to Flow Based Market Coupling, i n C
European | egislation and having considered demands
Parties and the Regul ators. These publications sup,
ties in their bidding behaviour and facilitate an
of the CWE whol esale market, including |l ong term p
and estimations.
Moni toring
For monitoring purposes the National Regul atory Aut
ditional (confidential) data and information. Bas e
EU-Il egislation, on reasonable request from the NR/
provides all Project related data for monitoring p
tions of monitored information can be commonly agr
to case.
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21l ntroducti on

After having signed the Memorandum of Understandi ng
talater al Energy Forum on Market Coupling and secur

the Central West European (CWE) region in 2007, the

active at t hat time in CWE have put in place a pt
tasked with the design and i mplementation of the M
solution in their regi on. As a first step, the pr
decided to i mplement an ATC based Mar ket Coupling

l'ive on November 9th 2010.
Parall el to the daily operation of the ATC-Based |
the Project Partners worked on the next step whi cl

mentation of a Fl ow Based Market Coupling in CWE.

Wor k has progressed and the Flow Based Market Coup

was i mproved. Results of more than 16 months of t he
al |l el run, covering al | seasons and typical grid
shown clear benefits of the FB methodology. After t
FI ow Based Market Coupling, APG has been integrate
procedur es, foll owing a stepwise process agreed wi't
ners.

The purpose of the report at hand with al/l Annexes

Regul ators of the CWE region with a complete set of

describing the Fl ow Based Mar ket Coupling solution.

The | atest update of this dbleamendatdionmndociuuses on
Mut—+—+—pt+e—NEMO—aF+r+angements—+nr—CWE—Dbi dding zones. S

erees—+o—speecifi+e—entit+ies—have—been replaced by ge
x Changes required in order to make the CWE FIl ow
k et Coupling compliant with provisions on capaci

o f the Requlation (EU) 2019/ 943 of the European
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and of t he Counci | of 5 June 2019 on the i nt ern

electricity, which applies from 1 January 2020.

The updated descriptions are submitted for approva

the national approval procedures to the competent
in |ine with7~Relg2udl0a%t i(otnU) 2019/ 94 3.
For the other parts of the document, CWE TSOs <cons

A——t——a approval prefi dhe LWEriodWRA S omrt s

oft hemptementaCWENFBTf MC met hedred ogy e mai n
val i d.

The CWE FB MC Approval document is structured i n
chapters:

X Gener al principles of Market Coupling

x Coordinated Flow Based capacity calcul ation

X CWE Mar ket Coupling solution

x Fall back solution
*—FuvAet+oenrt+ng—oeF— t he al gorithm

x Economic validation

X Transparency [/ publication of dat a

X Moni toring
x Cal cul ation of bilateral exchanges
x Contractual sc heme

x Change control
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3 Gener al principles of Market Coupling

1.1. Gener al principle of Market Coupling

Mar ket Coupling is both a mechanism for matching or

nated Electricity Market Operators (NEMOs) and an i

all ocation mechani sm. Mar ket Coupling optimizes the
ciency of the coupled markets: al | profitable deal s
mat ching of bids and offers in the coupled hubs of
executed subject to sufficient Cross-Zonal Capaci
made available for day-ahead implicit all ocati on;

are subject indeed to capacity constraints <calcul a
sion System Operators (TSOs) which may | i mit the e

t ween the coupled market s.

Mar ket prices and Net Positions of the connected ma

taneously determined with the use of the avail abl e
by the TSOs. The transmission capacity made avail al
ket Coupling i s thereby efficiently and i mplicit
transmission capacity constraint is active, then th
ference between the markets. I f one or more transmi
constraints are active, a price difference between
cur

1. 2Day-Ahead Fl ow Based Mar ket Coupling

Mar ket Coupling relies on the principle that when
| owe st prices export electricity to markets with t
there is day-ahead mar ket wel fare created by these
Mar ket Coupling algorithm (described | ater on in tFh
optimize the day-ahead mar ket welfare for the whol e
on the capacity <constraints (Flow Based <capacity |

cluding t he Emicthie e all amld teme PTDF -
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matri x) and the energy orders. A gener al exampl e o

pling for two markets illustrates how FB MC works.
ar e possi bl e: the margin on the FIl ow Based capac
enough and the prices of both markets are equali zec
gence), or the margin of capacities is not suffici

or more active constraint(s)) and the prices <cann
price convlierdbese)two cases are described in the f

exampl e.

Sufficient margin, price convergence

Suppose that, initially, the price of market A is |
of mar ket B. Mar ket A will therefore export to mar
of mar ket A wi |l i ncrease whereas the price of ma
crease. | f the margin of capacities from market A
sufficiently | arge, a common price in the market |
(PA* = PB*). This camigguirs. 3i-l1l ustrated in

! The term ficonvergenced is used in the context of Market Coup
situation where prices converge up to their equalization. AIlt
closer to each other too, one says that there is fino price co
where the transmission capacity made available to the Market
sufficient to lead to price equalization.
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P (€/ NWh) P (€/Mwh)
A Market A A Market B
Purchase Purchase, Furchase .
0 mporll
-
PA* = PB*
L B s T At
i | i
| I— | 4
|
| i Sale, Sale, 3 i
Al N i,
OA GA™ 7 Q (M) GB OB " Qmwh)
Figure Rebresentation of Market Coupling for two markets, no
I nsufficient margin, no price convergence

Anot her sitwuati omi giutd uBsabprpactnesd whnen t he capacity

margin i s not sufficient to ensure price convergert
t wo markets. The amount of electricity exchanged be
markets it then equal to the margin (or remaining
active (or I imiting) constraint, divided by the dif

tors (PTDFs) of the two markets.

The prices PA* and PB* are given by the intersect]
chase and sale curves. Exported electricity is bou
area at a price of PA* and is sold in the import
PB* . The difference between the two prices multipl

changed volume between the two markets (bidding zc

congestion revenue.
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P (€/MWh) P (€/ MWh)
A Market A A Market B
Purchase,
Purchase
PB
7777777777777 PB*
Price difference Ll
[r’nput dereminaion] P
P PERREREs e e . il congesfonrevenue, / 1
PAJ—— i Lo
N ! 1
i} Sake, Sak, E !
:\ B ; :L
QA 0A T wvwn) QB OB Q(MWh)
Figure Redresentation of Market Coupling for two markets, con
I'n fAiplaino Flow Based Market Coupling a non-intuit:@i
occur (export from a high priced market to | ow pric
wel fare |l oss of this exchange is then to the benefi
ahead market wel fare gain for the whole region, w |
from other exchangés39c3f. chapter
« /OHW RSPD®OINNYXOOHQ 5};‘1JI
UHJHO
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4 Coordinated Flow Based capacity domain calcul ati on

The method for capacity <calculation described belo
the start of the external paral l el run. Changes wh
based on experience of the parall el run are docume!
Annedxt5-. 1

An educational, simplified and illustrative exampl e
Based capacity cal cul ati on wor k?0o can be found
14231514, 2

The hi gh l evel busi ness process for capacity <cal c

found inlAnrBé&xl14. 3

4. 1l nput dat a

To calculate the Flow Based capacity domai n, TSOs
di fferent items which are used as inputs into the r
ing inputs need to be defined upfront and serve as
mo d e |

XCritbBeahehes— c++t i cal Out agesNetwork EI ements

tingencies

XxMaxi mum current o r+amn cCGMiet iwo a lk El ement
(1 max)
XxMaxi mum all owabl e power fl ow (Fmax)

xFinal Adjust ment Value (FAV)

xD2CF Fil es, Exchange Progr ams

xRemedi al Actions (RAs)

xGeneration Shift Key (GSK)

xFl ow Reliability Margin (FRM)

XxXExternal constraints: specific Iimitations not
CritBreathtehesNet work EIl ements
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4. 1. €&BcO0OCNE€el ecti on

A CriBieath (CBNet wor k Eliesmeantne(tGwoer k el ement ,

significantly i mpacted by CWE <cross-border trades,
tored under certain operationalk+ietoinaddlt i ons, t he S
Out+ages oS5 The—CBCOs (c++++-eal Branches/ Critica
tingency (C). The CNECs (Critical )Network EIl ement s/
are determined by each CWE TSO for its own network
agreed rules, described bel ow.
TheB3s CNEasre defined by:

XA |l'ine (tie-Iline or internal l'i ne), or a transf

nificantly impacted by cross-border exchanges,

X An fAoperational situationo: nor mal ( N) or cont i

(N-1, N-2, busbar faults; depending on the TSO r

)

e—a Out ages (COCocannegpeencdeti nled for al |

EBsCNE#OCcan be:

x Trip of a |ine, cable or transfor mer,
X Trip of a busbar,

X Trip of a generating unit,

X Trip of a (significant) | oad,

X Trip of several el ement s

X €EBlrip of an HVDC interconnector under Evol ved FI

CNEselection process

The assessment BwodnLlrddllatabor ki €| baseds on

the impact of CWE cross-border trade on the network
based on operational experience that traced back t

ment of coordinated capacity calculation under ATC:
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l ndeed, the TSOs developed the coordinated ATC mett

was in daily operation from November 2010 wuntil Ma
on FB ingredients. The so-called 16 corner check v
check on a |l imited number of griadr-cé@l- ement s the C

Tehre ddvant age of this approach was t

there is already significant operational experience
ti on of BGrainteihceasl aslpaetit ef a grid security
anal ysi s, and that it facilitates a consistent tra
FB as well . | ndeefdy tehhe Cei wioc &lt hlat

were applied within the 16 corner check, boil ed d«
sets based on the operational ATC =experience. The
gained in ATC operations therefore already provide
of initi &l Creihteis ¢lee | f a&an eFMB naper ati ons.

This set has then been updated according to the fol

A set of PTDFs i s assBocedCatEead t eo ewaehy Fl ow

Based parameter calculation, and gives the influenc
sition of any bidaBagClZbnlef otnhet hPfTDF = 0. 1, t hi s
means the concerned hub has a0 CINECl uence on the

meaning that 1 MW in change of net position of the
MW change in f&tBewOOME GABE o€ iCs
NOT a set oOofcBEDDREICA a technical i nput that one TS
integrates at each step of the capacity <calculatio
to respect security @8 scsepplegt pohi presess i s
therefore made on a daily basis by each TSO, who ¢
guacy of their constraints with respect to operat
The so-called flow based paramé&tenshare NOT the Cr
; trheeryt sare an output of the capacity cal

associ at &®d Ctl 6o & &t the end of the TSO oper a-
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ti onal process. As a consequence, when a TSO firs
| &s a necessary input for its daily operatio
calculation process, it does not know, initially,
PTDFs are.

’A is considered to be significantly i mpacted b
border trade, if its maximum CWE zone-to-zone PTDF
a threshold value that is currently set at 5 %.

This current threshold has been set following secu
performed by TSOs, by the iterative process describ

TSOs have carried out some alternative computations

parameter s, using scenarios where only the threshdc
di fferent val ues. Depending on the threshold value

wer emencbkbuded or not in Flow Based
rameters computation, resulting in a capacity doma
constraining for the market. Taking some extreme i
resulting alternative Flow Based domai ns, TSOs ass
these domains woul d be saf e, and more precisely t

which point t he S8 &g Enuosti omesopffecting the threshold

would Il ead to unacceptable situations, with respec
ri sk policies. | f for one given threshold value, t
conclude in unacceptable situations (because the r
constraints would allow an amount of exchanges t he

not cope with as they would not respect standard

|l i ke the standard N-1 rule), then this simply meant
old was too high. Foll owing this approach and ass:¢
val ues, CWE TSOs came to the conclusion that 5% wa
compromi se, in terms of size of the domain versus r
TSOs want to insist on the fact that the identifice
old is driven by two objectives:
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- Bringing objectivity and measurability to the no

cant i mpacto. This quantitative approach shoul d
cussion on internal versus external branches, w h
ficial notion in terms of system operation with

perspective.

- Above al |, guaranteeing security of supply by
many exchanges as possi bl e, in compliancy with
policies, which are binding and have to be respe

the capacity calcul ation concept (ATC or Fl ow Ba
words, this value is a direct consequence of C\
policies standards (which do not change with F

adapted to Fl ow Based principles.

It is important to kee@BCiNds anli evadt itdhmtprihresiepl es

cannot be seen as a single standalone study perfo
TSOs. Rat her , CWE TSOs have applied over time a co
assessment process that has started with the comput
er al capacities and been developed with FB, in ord

rel evabhG s et and determine afterwards an adequate

old. The 5% value is therefore an ex-post, gl obal i
not be opposed automatically, which means without |
to an i nd&BCiNdiunala given timestamp.
CWE TSOs constantly mo iHrte-on ¢t hlege tCraoirtki cal

which are fed into the allocation system in o]
the relevance of the threshold over ti me. During tF
I el run, ac tBiraec Cris tNie ¢ avl , El e @ e
having actually congested the market, respected 1T
tion of some rare cases 1 the threshold value of

tend to confirm the adequacy of the current value.
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Practically, this 5% value means that there is at |

bidding zones in CWE for which a 1000 MW exchange
i nduced fl ow bigger than 50 MW (absolute value) 0
This is equival ent to say that the maxi mum CWE iz
PTDF of a given grid element should be at | east equ
be considered objectively #dAcritical o in the sense

pacity calculation.

For eakhOCNEtChe foll owi ng sfemrsiAG viidsyd evrad u e

calcul at ed:
Sensi t iAYi=t wax( PTDF (BE), PTDF (DE), PTDF (AT), PTDF
PTDF JONL-mi-n(PTDF (BE), PTDF (DE), PTDF (AT), PTDF
PTDF (NL))
| t wo bidding zones (A, B) are conhbeted via HVDC co

sensi twiivilt yoe cal cul ated as foll ows:

Sensitivity DC

abs(PTDFEF(A) T PTDF(virtual hu
PTDFE(virtualhubB) 1 PTDF(B))

wher e virtual hubs represent t he sendi ng or recei v

HVDC connector. More information on the treat ment 0

nectors can be fdurPd 9in chapter

| f the sensitiivs taaboAvCe otrheDCt hreshold value of 5 %, t

t heBSOCNEICs said to be significant for CWE trade.

A pre-processing is performed during the Fl ow Based
culation which results cBcO&NwWa&hincmhgddbdes any

not me et pre-defined conditions (that i s, the thre
cerned TSO then has to deci @Bcwhlefohrer to keep the

to exclude iEetBE&OrComfCt he.
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(9]

’Although the general r ud iCsSNEwbi ehcldoées any

not meet the threshold on sensitivity, exceptions
’Iowed: if a TSO dec@&BeSCNMEKCnk &éh@N tfhiel e,

he has to justify it to the other TSOs, further more

atically monitored by the NRAs.

Should the case arise, TSOs may initiate discussi or
ed justifications in order to reach a common under
possi ble agreement on the constraints put into the
tion process. TSOs know only at the end of the cap
process the detailed and fi n a3 PTEDRs, whil e the Cr

imsntrequired in the beginning as an input of

ty calcul atdion process

CWE TSOs therefore commit to critically assess the
’ i el tewe nftesspect s:

1.0n t he one hand with a ficl ose-to-operations?o [

considering the threshold as a fixed reference.

wor k, CWE TSOs operators and FB experts assess ¢

<

| rel evancecchd {Heg ai nst this threshol d. Eventuall

|2 A frequent explanation f@EFcOCaviEdasgoevanedalloy PADFs

not respecting the threshold is the usage of a Remedi al Act i c
pens t hcadt a iCs too I imiting, the TSO owner will try to rel
margin o®BdMhiby i mplementing a Remedi al Action (see dedicated
|l ater in this document). The Remedi al Action wil!l have as an
|the sensiti &@BCyWEoofwatrides t he cross-border exchanges: by decrea
the influence of the exchanges on the | oad of the Iline, mor e
|possible. In this situati on, BEOLCsECegiti mate to Nnkeepodo the

Page 25 of 151



’ this assessment may res @&BLCNEnN odm stchaer di ng t he

FB computati on, but in any case this wildl not ha

l'y basi s, after just one occurrence, but rather

vation and security analysis phase potentially
’ mont hs. On the contr@abFygNEt bhpholchiromgi aal |y

vi ol ates the present agreed threshold shal/l be ¢

tified and reported to NRAs in dedicated reports

2.0n the second hand, the threshold itself needs |
Iy, i f not changed, at | east chall enged. Thi s i
term analysis which needs several mont hs of prac
ence with FB operations. Once this experience i s
TSOs will re-consider the relevance of the thres:t

’ ing at the following criteBBisalNwisth a focus on ac

Xx Frequency and gravity of the threshold violat

’ x Nature of the justificatEBasS€Ngsven to keep so

x Or , on the contrary, absence of threshold vio
The main idea is therefore to assess the f@Adistanc
|thresho|d and theksehlEolfhiasctdiivda ance can be inap-
propriate in two aspects:

x Either the threshold is too high, which wildl

| t 00 m&Emy vi ol ate it while valid justificatic
given

x Either it wildl be too | ow, which will be the

’ t i eé systematically respect it over a repre

tive period of ti me.

’In both cases, the shadowBgEniHcec qmesD awh-en t he

tive), t hat is information provided to NRAs withi/
framewor k, can also be a useful indicator to asses
|of t he @REa4GlVYesespecially when they are far from the

threshol d.

Page 26 of 151



4. 1.Maxi mum current o B+e—+rCrhiNteit ovaolr Kk  EIl ement

(I max)

The maxi mum all owable current (I max) is the physi
CritiBeahehnr (CBNet wor k )Eldemerimi neldE by each TSO

in line with its operational criteria. Il max i s t he
l'imit 6BCkihEAen Amper e, except when a relay setting i
to be more specific for the temporary overload al/l
ticul ar Brahtoabtritieal—Out age (CBCONet wor k El e me

Contingenc)y. (CNEC

As the ther mal l'imit and relay setting can vary in
er conditions, Il max is wusually fixed at | east per s
When the I max value depends on the outside temperat
can be reviewed by the concerned TSO if outside ten
nounced to be much higher or | ower than foreseen b
val ues.

l max i s not reduced by any security margin, as al
|been covered by the e¢caltiultati OnteffeCheti ngency

by the Fl ow Reliability Margin (FRM, c¢c.f. chapter 4
’justment Value (FAV1-—€Af.1.edhapter _{onHw rsPD@ENHOV 96 |
4.1 . Maxi mum all owable power fl ow (Fmax)

The value demaaxri bes the maxi mum all owabl e power fl o
EBEO0OCNECh MW. |t is given by the formul a:

Fmax <7& * Imax * U * cos(G) / 1000 [ MW],

where Imax is the maximum per manent all owabl e cur
[ Ampere] )eBfCowrE Bhe value for cos(0G) is set to 1, anoa

fixed val uesBfColrftamédcihs set to the reference voltage
225kV or 400k&BCMBr this
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4. 1. Hi.nal Adjustment Value (FAYV)

With the Final Adjust ment Value (FAV), operational
rience that cannot be introduced into the Flow Ba:
find a way into the Flow Based-approach by increas
ing the remaining avail akB&Nmfaorgiwmer(yRAsMpe-on a

cific reasons which are described bel ow. Positive
MW reduce the avail abBlCeNBEmhrgénnegatai ve values
increase it. The FAV can be set by the responsi bl e
gual i fication phase and during the verification pha
principles for the FAV usage have been identified:

XA negative value for FAV simulates the effect of

margin due to complex Remedi al Actions (RA) whicl
model |l ed and so calculated in the Flow Based par a
tion. An offline calculation wil!/l determine how m
ditionally be released as margin; this value wil/|

XA positive wvalue for FAV as a consequence of t h
phase of the Flow Based domai n, |l eading to the ne
the margin on 6&6HBeCbHsomorseystem security reasons.
The overl|l oad dextBeCd\ttedr iomg at he veri fication phase
is the value which wildl Be&Npiutt orndeRAM of or thi s

eliminate the risk of oveBClEAd on the particul ar
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Any wusage of FAV will be duly el aborated and repor

for the purpose® dfhememiptacritryg cal cul ati on.

4. 1. 52CF Files, Exchange Progr ams

The 2-Days Ahead Congestion Forecast files (D2CF f
by the participating TSOs for their grid two-days
estimate of the state of the CWE electric system fo
Each CWE TSO produces for its zone a D2CF file whic
X Best estimation of the Net exchange program
Xx Best estimation of the exchange program on DC ca
X best estimation for the planned grid outages, i n

Il ines and the topology of the grid as foreseen u

X best estimation for the forecasted | oad and its
xif applicable best estimation for the forecasted
ergy generation, e.g. wind and solar generati on

X best estimation for the outages of generating un

the | atest info of availability of generators
X best estimation of the production of generating
with outage planning, forecasted | oad and best e
exchange program
The PST tap position is wusually neutral in the D2CF
exceptions should be all owed.
For each timestamp, the |1 ocal D2CF file has to be &
of production and consumpti on, in coherence with tF
3 pbDetails on monitoring are givemdi Besheededia] OHW RSPDMINWWHUW\SH <

(QJHOV 9 6
plate of the monitoring replod.tis74ips. labvai |l abl e in Annex
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ed Net exchange program. The D2CF files wildl be me
with DACF (Day-Ahead Congestion Forecast) files of
to obtain the base case according to the merging r

this document (c.f. chapter 4.2.1).

I ndividual procedures

Ampri on:

For every day D there are 24 D2CF files generated
These D2CF files describe the | oad flow situation
business day as exactly as possible. I n order to pr
forecast Amprion generates the D2CF files in the fo
The basis of a D2CF file is a fisnapshoto, (i .e. a

from a reference day.

In a first step the topology is adjusted accordi ngq
day. Her e are al |l components put i nto operation
switched off in the snapshot) and all forecasted
business day) are included in the D2CF file. Af ter
tion pattern is adapted to the schedule of the exc¢
day .

In the next step the wind and solar forecasts are

D2CF file by wusing dedicated wind and sol ar GSKs.

based on l ocal tool s and uses external weat her foo
avail able to Amprion.

As a next step the resulting net position is adapte
reference day. Af ter t his, the resulting so-call ec
(unbal ance between generation and | oad) is deter mi
deviation is spread over al/l mar ket based generatior

on by using GSKs.

To summarize, the provision of the Amprion D2CF dat

on 5 main steps.
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1. Take snapshot from the reference day as basi s
2.lnclude topology for business day and adjust gen
tern
Include wind and solar forecast
4 Adapt net position of Ampri on
5.Deviations (slack) are spread over all mar ket b
tion units
APG:
Usi ng renewabl e generation-schedul es, estimat ed t
pl anned outages for the business day, and mar ket C
tion-schedules and the | oad distribution from the |
D2CF Files are being created as foll ows:
X Topology is adjusted according to the outage pl a
Xx Generation is adjusted according to the renewabl
for the business day and the market driven sched
the reference day
x Tot al l oad is adjusted to the forecast of the bu
di stributed according to the reference day
X Ther mal rating limits are applied
Xx Exchange is distributed over tie-lines according
D2CF of the reference day
After these steps a |l oad flow is being calcul ated
vergence, voltage- and reactive power | imits.
El i a:
Load profile and cross-border nominations of the r
used. The topology of the grid is adjusted by use ¢
of a |l ocal outage-planning-system (including gene
nance) as known at time of preparation of D2CF, w h
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17: 00 18:00. This includes possible preventive top

Actions needed for specific grid maintenance.

The |l oad is automatically adjusted to account for

the I oad of the reference day and the predicted | oa
The best estimate is used to determine al/l product
are available to run, with a determination of the |

be expected on the business day (depending on whet
foreseen for delivery of ancillary services or not)
The production program of the flexible and controll
justed based on the <calculated GSK, and on the Pm
prepared in order to fit with the cross-border n o

reference day.

PST tap positions are put at O in order to make a
tions available as Remedi al Action, except i f over
pected in the base case in a |likely market directic
to 4 steps could be made on some PST at Elia border

Transnet BW:

D2CF files are el aborated according to the foll owin
X Choose a proper snapshot (1l ast available working
wor king-days; | ast weekend for the weekend) as a
X Adjust the topology by use of the information of
age-planning-system (including generator mainten
Xx Adjust generation in feed to the available gener
schedul es. For generators with no schedul es avai

to the schedules of the reference day.

X Adjust the flow to the distribution grid by adap
and renewabl e generation with forecasts.

X Adjust the Net Exchanfgergaoagiramodroe ¢ &

D

t he Net Exchange program
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x After all changes are made the created files wil

for convergenece.

RTE:

French D2CFs are based on an automatic generation

created with sever al i nput s:
xUp to 24 snapshots if available for the 24 hours
cases
RThese snapshots are selected in the recent pa

the best compromise possible between the avai
snapshot s, generation pattern, |l oad pattern a
hanges.

c

RTopology is adapted to the situation of the t
(pl anned outages and forecast of substation t
e

x Depending on the reference exchange programs, to
al so be adapted to avoid constraints in N and N-
Xx Esti mation of net exchange program is based on r
days

Xx Load is adjusted based on | oad forecasts for the
time horizon

Xx Generation is adjusted based on planned AD-10 pa
realized AD-X0 patterns (meaning hi storical sit

to the day when the D2CF process is happening),

i mprovement s:

Rrenewabl e generation (PV and wind generation)
dated based on forecasts available for the co
ti me horizon,

Rfor | arge unit s, generation is adjusted, base
mai ntenance forecast (provided on a weekly ba

producer s, and adapted during the week).
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] 24 hourly files are produced in this way.
For each fil e, an adjust ment is performed on g:¢
reach the estimation of net exchange program ar
the final 24 French D-2 grid model s.
A |loadflow is |l aunched to check the convergence.
TenneT DE:
The D2CF data generation at TenneT DE starts after
nomi nations are known.
As a first step TTG creates a grid model respect
switching state in order to match the outage planni
are always set to neutral position.
The second step involves the adjustment of the act
of each node to its expected value:
X Connections to the distribution grid are describ
2 forecasts of renewable feed-in, e.g. wind and
tion, as well as | oad.
Xx Directly connected generation units are describe

2 production planning forecasts of

step. I f necessary, the Net exchange
meet the D-2 forecast of the Net
a merit-order |ist.
Finally, additional quality checks are
ages, active and reactive power).

TenneT NL:

TenneT starts the D2CF creation process

This model which represents the topology

making use of the information of the |
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ing generator mai ntenances) as known at time of p
D2CF, which is between 17:00-18:00 at D- 2.
The model is then adapted for the Load & Productio

rectly derived from the forecasts received from t

cross-border nominations of the reference day, whic
able at 17:00.

After the forecasts have been i mported TenneT start
the production of al | di spatchable units (which ar
nance) above 60MW (further <call ed: GSK Units). Thi
production is done in order to match the GSK metho
scribed in the GSK chapter of this document . Al | G
di spatched pro rata on the basis of predefined max
mum production | evels for each active unit. The t
| evel remains the same.

The maximum production | evel is the contribution o
predefined extreme maxi mum production scenario. Th
production | evel is the contribution of the unit i
treme minimum production scenari o. Base-load unit s
small er difference between their maximum and mini mu

|l evel s than start-stop units.

With Pi 0O being the initial MW di spatch of uni t i,

new di spatch of unit i after the redispatch, then

L ece E"f§gF R :Ai i4FAi MK ‘f“as;
g5 g9 oA s f§ FA eco; !
L ece E-OfVF (e’ :Ai i4FAi .(.i; ':tué_s.
g5 g S A e fEFA ece; !

PST tap position is put at 0O in order to make a r

tions available as Remedi al Action, except i f over
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pected in the base case in a |ikely corner, in whic
could be made on some PST

For the DC cables the Exchange programs of refere

used. I n case the cable is out of service on the t:
gram of the cable will be distributed over the | oad
Af ter war ds, production and | oad are redistributed

flow is performed in which the grid is checked for
voltage probl ems. During this process there is an ¢
ment of |l oads to correct the difference in the bal

reference program of the execution day and the dat a

prognosis of Market Parties for this day.

Remar k on the individual procedur es:

I f one can observe methodol ogical variants in the |
base case process, it is to be reminded that the | a
in the continuity of the currently applied process,
ering the Grid Model met hodol ogy (either in its | oc
pects) is not part of the CWE FB i mpl ementation pro
Currently, there exists an ENTSO-E initiative in or

pean TSOs practices towards the ACER <capacity <calc
regional roadmap, but in any case the following se:
to be respected:
x Design of a CGM methodol ogy by ENTSO-E according
reqguirements
x Validation of the methodol ogy by NRAs

x Design of an i mplementation plan.
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4.1 .FBemedial Aétions

During Fl ow Based parameter calculation CWE TSOs w
account Remedi al Actions (RA) that are all owed in I
ing a secure power system operation i.e. N- 1/ N- k
ment .
I n practice, RAs are i mpl emactNeéfdi lved.a Eacthr i es in the
measure i s conné&ea&teOECNE®O mmienati on and the FIl ow
Based parameter calculation software treats this in
The calcul ation can take explicit and implicit RAs
explicit Remedi al Action (RA) can be
Xx changing the tap position of a phase shifter tra
X topol ogy measur e: opening or <c¢closing of a | ine,
for mer, bus bar coupler, or switching of a net.
from one bus bar to another
X curative (post-fault) redi spatching: changing t
some generators or a | oad.
| mpl icit RA can be used when it is not possible to
a set of conditional Remedi al Actions into a concr
l oad fl ow. I n this case a FAV (c.f. chapter 4.1.4)
These explicit measures are applied during the FI ov
ter calculation andBtshelbess feaet eromi nd@d directl y.
Didactic examples of different types of Remedi al Actions (imr
implicit variants) calM . bdet)5f.odund in Annex

Page 37 of 151



’The influence of BmEINEics t a RAevovyned by t he TSOs

upfront and taken into account via the FAV factor,
’the avail abl e naBrsgliNntssood tadetain amount .

Each CWE TSO defines t he availabl e RAs i n i ts col
cross-border Remedi al Actions wil/l be considered o

have been agreed upon by common procedures (for exa

number of tap position on CWE PST) or explicit ag.!

ATC process). The agreed actions are assumed bindi
bl e.

The gener al purpose of the application of RAs i s
crease) the Flow Based domain in order to support
while respecting security of supply. This implies t
LTA (allocated capacity from | ong term auctions) dc

mum target .

Some RAs, with a significant influence on el ement s
grids 1T especially cross-border RAs 1T have to be cr
being i mplementc&8dNifn |tehe The coordination of Cross
border Remedi al Actions maintains the security of

creasing the capacity that can be offered to the

procedur es, indicating amongst ot hers which Remedi
be applied for the capacity calculation stage, have
ed to facilitate this.
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The guideflfomeshe application of RAs imply that t he
scri bed &BnCNtthiel es can change during the daily FIl ow
process in the qualification and verification phase

a PST coordination process).

| f needed, and in an effort to include the LTA don
coordinated Remedi al Actions will be considered i
agreed | i st of Remedi al Actions. Each TSO coul d,

jeopardise the system security, perform additional

cover the LTA domain.

During the D-2 |/ D-1 capacity <calculation process,
opportunity to coordinate on PST settings. This coo
find an agreement on PST settings which covers all

The focus is to cover the LTA Tamids ihegmssi bl e t he

that the LTAs/ NTCs will ncests Caldawisehiovmetrhe®ads on

FI ow Based method. TSOs try to reach this by using
RAs as a first step. I f this would not be enough t
are taken into account in order to mitigate the ove
The basic principle of the PST coordination is the
*These fAguidelinesd encompass the operatorso6 expertise and e
over the years, combined with the application of operational
neither translated nor formalized in documentation designed t
SNTCs were only available during the external parall el run p
TSOs willl use another reference Flow Based domain i based on
built during the external parall el run which wil!/ be communi

and Market Parties.
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x| ocal calculation: TSOs try to cover the NTC/LTA

their own PSTs. | f this is not sufficient, t he
the PSTs of other TSOs in their |l ocal l oad fl ow
the end, every TSO comes up with a proposal for
positions i n t he CWE region, and t he correspo
ners/situations in which the PST should be used.
x exchange of proposal s: t he proposal (s) i s(are)

t ween TSOs for review.

xreview, coordination, confirmation: TSOs review
and coordinate/ agree on the final setting. Thi s
contradictory Remedi al Actions are used in the s
The result i s considered to be firm before thi
phase. The information (if nelcfeislseay y an wupdated

must be transferred to the D-1 and D processes.

PSTs available for coordination are | ocated in Za
Gronau, Diele and Meeden. PST coordination is perf
Ampri on, El i a, and TenneT (DE and NL). The PSTs in
ern, Ternitz, Ernsthofen) are coordinated in a | oca
Ger man and Austrian TSOs and are further taken into

coordination as described above.

The coordination process is not necessarily I imite
ment , but usual topol ogy actions <can also be <cons
same time and in the same way as the PST setting ad
A prerequisite of a well -functioning coordination i

parties have a dedicated timeframe to perform thi
This timeframe should be at best in the night bet
FI ow Based computation and the final FI ow Based cor

PST coordination should start before midnight.
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4. 1. Generation Shift Key (GSK)
The Generation Shift Key ( GSK) defines how a chang
tion is mapped to the generating units in a bidding
it contains the relation between the change in net
mar ket area and the change in output of every gene
side the same mar ket area.
Due to convexity pre-requisite of the Flow Based d
must be Ilinear.
Every TSO assesses a GSK for its control area taki
the characteristics of its networKk. Il ndi vi dual GS K¢
a hub contains several control areas.
A GSK aims to deliver the best forecast of the im
oftl amret sposition change, taking int
count the operational feasibility of t he referenc:
gram, projected market impact on units and market/ s
sessment .
I n general, the GSK includes power pl ants that ar e
and that are flexible in changing the electrical [
includes t he foll owing types of power pl ant s: g
pumped-storage and hard-coal . TSOs wi || additionall
bl e wunits, e. g. nucl ear uni t s, i f they donodt have
generation for matching maxi mum i mport or export p
they want to moderate impact of flexible units.

The GSK values can vary for every hour and are give

| ess uni t s. (A value of 0.05 for one uni-t means
change of the net position of the hub wil.l be real
I ndividual procedures

GSK for the German bidding zone:
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The Ger man TSOs have to provide one single GSK-fil
Ger man Hub. Since the structure of the generation
involved TSO, an approach has been developed, that
gle TSO to provide GSKo6s that respect the specific
generation in their own control area and to creat e
concatenated German GSK in the needed degree of ful
Every German TSO provides a reference file for worlk
holidays and weekends. Within this reference file,
are named (with their node-name in the UCTE-Code)
their estimated share within the specific grid for
peri ods. It is also possible to update the individu
according to the expectations for the target day.
TSO provides within this reference-file the esti m
di stribution inside his grid that adds wup to 1.

An

exampl
00: 00
Ge
Ge
Ge
Ge
Ge
07:00
Ge
Ge
Ge
23:00
Ge

Ge

e

nA

nB

ncC

nD

nE

ncC

nD

nE

nB

ncC

Reference-file of TSO A for a working d

07:00:

(Hard-Coal) 0,3
(Hard-Coal) 0, 3
( Gas) 0,1
(Hydro) 0,2
(Hydr o) 0,1
23:00

(Gas) 0, 3
(Hydr o) 0,5
(Hydro) 0, 2
24:00:

(Hard-Coal) 0, 2
(Gas) 0, 3
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GenD (Hydro) 0, 4

GenE (Hydro) 0,1

In the process of the German merging, the common sy
out of these four i ndividual reference-files depe
(working day [/ week-end / bank holiday), a speci f
every day. Therefore, every German TSO gets it i n
(e. g. Transnet BW: 15 %, TTG: 18 %, Ampri on: 53 %, 50 Hz
The content of the individual reference-files wild.l
the individual share of each TSO. This is done for

usage of
a Common
basi s.
Exampl e:
TransnetB
Ger man GS
00: 00

Ge
Ge
Ge
Ge
Ge

07:00

the different sharing keys for the differe

GSK file for the German bidding zone is <cr
Taking t he reference-file above, assumin
W, it |l eads to the following shares iin t
K-file:

T 07:00:

nA (Hard-Coal) 0,3*0,5 = 0,045

nB (Hard-Coal) 0,3*0,15 = 0,045

nC (Gas) 0,1*0,15 = 0,015

nD (Hydr o) 0,2*0,15 = 0,030

nNE (Hydro) 0,1*0,15 = 0,015

T 23:00:

nC (Gas) 0,3*0,15 = 0,045

nD (Hydro) 0,5*0,15 = 0,075

nE (Hydro) 0,2*0,15 = 0,030

T 24:00:

nB (Hard-Coal) 0,2*0,15 = 0,030




GenC (Gas) 0,3*0,15 = 0,045

GenD (Hydr o) 0,4*0,15 = 0,060

GenE (Hydro) 0,1*0,54 = 0,015
With this method, the knowledge and experience of
TSO can be brought into the process to obtain a

GSK. With this structure, the nodes named in the GS
ed over the whole German bidding zone in a realist

i ndividual factor is relatively smal/l

The Generation share key (GShK) for the individual
is calcul ated according to the reported available n
er plant potenti al of each TSO divided by the sum

power plant potenti al in the bidding zone.

#R=EHEKBANP KJIPNKNRACES5 1

50 65L—
) b Ag@gﬁR:EHtKBAEI\IPKJPNKIHK:BSS;

Where k is the index for the 4 individual Ger man TSOs

With this approach the share factors wild/l sum up to 1 wi
the central merging of individual GSKs.
I ndi vidual di stribution per German TSO

Transnet BW:

To determine relevant generation wunits Transnet BW

count the power plant availability and the most r e
formation at the time when the individual GSK-file
the MTU:
The GSK factor for every power plant i i s determine
2oawkF Z2ua
)5-uL

AdK2: 0 awrF 22040

Page 44 of 151



Where n is the number of power pl ant s, which are

the generation shift within TransnetBWb6s control ar
Only those power plants which are characterized as
are put in the GSK if their availability for the ta
The following types of generation units for mi ddl e
connected to the transmission grid can be considere

x hard coal power plants

X hydro power plants

x gas power plants
Nucl ear power plants are excluded
Ampri on:
Amprion established a regularly process in order to
close as possible to the reality. I n this process
example whether there are new power plants in the ¢
there is a block out of service. According to the:c
grid Amprion updates its GSK.
I n gener al Ampri on only considers mi ddl e and peak
pl ants as GSK relevant. With other words basic | oas
|l i ke nuclear and |lignite power plants are excluded
vant node. From this it follows that Amprion only t
types of power pl ant s: hard coal , gas and hydro pc
the view of Amprion only these types of power pl a
part of changes in the production
TenneT Germany:
Similar to Amprion, TTG considers mi ddl e and peak
pl ants as potenti al candidates for GSK. This inclu
type of production units: coal , gas, oi | and hydr
pl ants are excluded upfront.
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I n order to determine the TTG GSK, a statistical ar
havior of the non-nuclear power plants in the TTG

been made with the target to characterize the wuni

power plants, which are characterized as market-dr
t he GSK. This 1ist is updated regularly. The indiyv
are calculated by the available potenti al of powe
Pmin) divided by the total potenti al of al l power

| i st of TTG.

Austrian GSK:
APG6s method to select GSK nodes is analogue to the

So only market driven power plants are considered

which was done with statistical analysis of the ma
the power pl ant s. I n that case APG pump storages

units are considered. Power plants which generate

power plants) are not considered. Only river plant s
storage are considered in the GSK file. The | i st (
plants is updated regularly in order to consider ma
ages. I n future APG wil|l analyse the usage of dynam

Dut ch GSK:

TenneT B. V. wi || di spatch the main generators in s
avoid extensive and not realistic under- and overlo
for extreme import or export scenari os. Unavail abi
es are considered in the GSK.

Al | GSK units (including available GSK units with n
D2CF f i |lree)diasrpe psoatathadon the basis of pre-
defined maximum and minimum production | evels for
unit. The tot al production | evel remains the same.
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The maxi mum production | evel is the contribution o

predefined extreme maxi mum production scenario. Th
production | evel is the contribution of the unit i
treme minimum production scenario. Base-load unit s
small er difference between their maximum and mini mu

|l evel s than start-stop units.

With Pi 0O being the initial MW di spatch of uni t i,
new di spatch of unit i after the redispatch, then
A FA ey

g5|_ O(ngE:OngF .(.g;:Ai ‘féFAl .(.i; ::t as,

where Akd is the index over all active GSK units.
The |inear GSK method also provides new GSK values
GSK units. Thi s is also calculated on the basis o
maxi mum and minimum production | evel s:
[ vI: e (e
L ﬁ% <% teqt:
A fSFA e

where ko is the index over al | active GSK units.

The 24-hour D2CF is adjusted, as such that the net

Net herl ands is mapped to the generators in accordan
The GSK is directly adjusted in case of new power
cludes the outage information of generators daily i
is based on the information sent by Market Parties.
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Bel gi an GSK:

Elia wildl use in its GSK all flexible and controll
which are available inside the Elia grid (whether t
not ) . Units wunavailable due to outage or mai nt enatr
cluded.

The GSK is tuned in such a way that for high | evel
the Belgian hub alll units are, at the same time, ei

Pmin (including a margin for reserves) depending o

units have to run or not (specifically for instance
mary ofr secondary reserves). For high | evels of e
Bel gian hub all units are at Pmax (including a mar

at the same ti me.

Af ter producing the GSK, El'ia wil!/l adj ust product.
hour D2CF to match the Ilinearised | evel of produc
change programs of the reference day as illustratec
1.

3PD[

3pLq
OD[ LPSRUW O0D[ H[SRUW

Figure: 4Bdl gi an GSK.

French GSK:
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The French GSK is composed of al |l the units conne
net wor k.

The variation of the generation pattern inside the
i ng: al |l the units which are in operations in the &

the change of the French net position on a pro-reé

means, if for instance one unit is representing n%
eration on the French grid, n% of the shift of the
tion wild.l be attributed to this unit.

About 50Hert z:
50Hertz sends its D2CF and GSK files which i mproves

the German data set.

Due to the | arge distance of 50HZ to the CWE border
ing 50HZ Erdaddlcad Net wor kwiEtl kime nt ke CWE FB cal -

culation is not considered a problem

Al egro GSK:
I n order t o i ntegrate ALEGr Os Evol ved FIl ow- Based F

virtual bidding zones (ALBE & ALDE) are defined as

ticle 4.2.9.

- OHW RSPD®EWDQGDDUG 6WD
&RQV'RF

The wo bidding zones (ALBE & ALDE) whi ch mo d e | t he

terconnector possess a GSK equal t o 1 on t he node
ALEGr O I nterconnector converters are installed.
Summary and overview concerning the variability of
ing the day:

x APG, Elia and TTB use GSKs according to their G

whi ch means constant values over the day.
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X The Ger man TSOs have two GSKs for two different

a day as described above (peak, of f-peak) .
Xx Since RTE is wusing pro-rata GSK, the valwues in t
file change every hour.
4. 1. 8Fl ow Reliability Margin (FRM)
The origin of the wuncertainty involved in the <cap

process for the day-ahead market comes from phenom

ternal exchanges, approxi mations within the FIl ow B
ogy (e.g. GSK) and differences between forecasts at
gr ams. This wuncertainty must be quantified and di s
all ocation process, in order to prevent t hat on da
confronted with flows that exceed the maxi mum al |l c
their grid el ements. This has direct ' ink with the
Coupling results. Ther ef Bwraen f Noer @ach ECri-ti cal

, a Flow Reliability Margin (FRM) has to be defi
tifies at | east how the before-mentioned uncertai.
flow on the&+€nriChidtlal |l Aevintabl vy, the FRM
reduces t he remaining avail abl e mar gi n ( RAM) on

be¢cawseta part of this free space th
provided to the market to facilitate cross-border

reserved to cope with these uncertainties.
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Realized
schedules

Forecast Risk level
model xy*o

Forecasted
flow
Store
difference
observed
flow

Figure: 4FRM Assessment Principle

The basic idea behind the FRM determination is to
certainty by comparing the Flow Based model to the
the corresponding timestamp in real ti me. More pr et
case, which is the basis of the Flow Based par amet
at D- 2, is compared with a snapshot of the transmi
day D. A snapshot is like a photo of a TSO0O6s trans
showing the voltages, currents, and power fl ows in
ti me of taking the photo. This basic idea is illus
4 . 2.

I n order to be able to compare the observed fl ows

shot with the predicted flows in a coherent way,

mo d e | is adjusted with the realized schedules corr
i nstant of time that the snapshot was created. I n
same commerci al exchanges are taken into account w

ing the forecast flows with the observed ones (e.g.
reflected in the observed flows and need to be refl

dicted fl ows as well for fair comparison).

The differences between the observations and predic

in order to build up a database that allows the TS
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of dat a.

ef fects

t h

e

d

obser

operatio

tistical analysis on a significant amount
fined ri'skt HevEeRM values can be computed from
tion of flow differences between forecast and
By following the approach, the subsequent
the FRM analysis:

x Unintentional flow deviations due to

frequency control s

x External trade (both trades between CWE an

as wel | as trades in other regions without

Xl nternal trade in each bidding area (i e.

l inear model)

Xx Uncertainty in wind generation forecast

x Uncertainty in Load forecast

Xx Uncertainty in Generation pattern

X Assumptions inherent in the Generation Shif

Xx Topol ogy

Xx Application of a |inear grid model
"The risk level is a |l ocal prerogative which is closely
plied by the concerned TSO. Consequently, the risk | eve
TSOs to assess FRM from the statistical data may vary.
reference that each TSO has to respect globally in all
tion management and security of supply. This risk | evel
risk policies.
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When the FRM has been computed following the above

approach, TSOs may potentially apply a so-called #
justment 0 before practical Emp N edreefnitmait-i on i nto the
tion. The rationale behind this is that TSOs remai
the outcome of the pure theoretical approach in ord

i mpl ement ation of parameters which make sense oper:

any reason (e.g.: data quality issue), it can occur

cal FRMO is not consistent with the TSO6s experien
Should this case ari se, the TSO wild. proceed

ment .

I't is important to note here that:

This adjustment is supposed to be relatively fAsmall

bitrary re-setting of the FRM but an adaptation of

i cal val ue. I't happseEnssNEdat ynontbkepERM anal ysi s

(in other words, the TSO wil!| not adj ust its FRM a
computation) . Eventuall vy, the operational FRM wvalu
once and then becomes a f&EReldkdppdriaamdtieomn.i n t he

This adjustment process is not expected to be syst
ther rare on the contrary, as much effort is put o
tiveness of the theoretical values.

The differences between operationally adjusted and
ues shall be systematically monitored and justifie
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formalized in a dedicated report towar ds CWE NRASs

14 —54350N%4. 5

The theoretical values remain a fAreferenceod, especi
to any methodol ogi cal change which would be monitc
FRM.
For matter of <clarification, we CkEnmirnd here that f«
fCor the N-1 cases), the FRM campaign | eads t
gle FRM value which then wil!l kB8 CalEfi xed parameter
definition. FRM is not a variable parameter.
However, since FRM values are a model of the wuncert
which TSOs need to hedge, and considering the const
environment in which TSOs are operating, and the
vantages of buil ding up a | arger sampl e, the very
computation implies regular re-assessment of FRM v
qguentl vy, TSOs consider recomputing FRM values, foll
principles but using updated input dat a, on a regul

once per year.

The gener al FRM computation process can then be su
the following figure:

® A dedicated, confidential report on FRM (FRM values and oper
for mai n active Critical Branches of t he paral l el run) i s

14 .-5%5.5
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Computations of Validation and operational

Statistical Computations <<reference>> FRM adjustment of FRM

Step le:l aborati on of statistical di stributions, f

, iEn eMeand N-1 situations.

Step 2omputation of t heoretical (or reference) FRM
of a risk |l evel on the statistical di stributions.
Step ¥alidation and potentially operational adj ust
erational adjustment is meant to be used sporadical
| and systematically justified and documented.
CWE TSOs intend a regular wupdat e, at |l east once a Yy
values wusing the same princi pilaeys.t rHExgcgeeprt i onal even
an accelerated FRM re-assessment in a shorter ti me
al | cases one should keep in mind that for statisti
ness, the new context integrated into new FRM valu
encompassed in several mont hs of dat a.
I n practice, FRM values have been computed end of

basis of the winter 2010-2011 and summer 2011 perio
i cal overview below displays the FRM values associ ¢
act icvze osf the internal parall el run of 2012. One

l'y notice here that

Exceptional events could be: i mportant modi fication of the
commi ssioning of |l arge generating wunits...), change in the
met hod, enl argement of the coupled area, i mpl ementation of ;
coupling etc. ..
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- FRM values spread between 5% and 20% of the tot a

Fmax of the 1line, depending on the uncertainties

fl ows oehB&chseCN.ECs

- Operational adjustments are performed in both di

crease or decrease calculated FRM value), and es

sist in correcting outliers, or missing, high ref
I

\ // ——Wintar 2010 study

1\ ——Summer 2011 study
~ \/ Operational values

O 8 CRPUNPR S T v b b 9 N S 5 A B8 ASS BB 0 A D
‘9‘3‘\0&\‘@& & ¢‘°° é“‘i\& ‘e>°¢«\°°i\o°m & &.Q‘\oo P 4‘&;\0&‘:)\“@’ & @’@5:‘9&\ P é”é%-”coe"*}-@‘\&,@ﬁ&b@h 6
‘g& \S‘Q B‘,d" \S‘Q e g& \"“ v‘S.Q

Figure: 4G3 aphi cal overview of t he operational FRM values for

EBs CNEosf t he parc&lCINédl abeallnl ilng is purely arbitrary and does not co

spond to the future fixed anonymization)

The values that wildl be used for go-Ilive are curren

on the basis of year 2013 data by CWE TSOs, and s h

mented by the end of May 2014. In this way, obser
FRM values is guaranteed during the parallel run.
wi || be communicated to the NRAs in this respect wkf

for eachchcltiodfethe current parall el run:

- The reference FRM
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- The operational adjustmentl1l0 and its justificatic

4. 1. 9Specific |Iimitations not associated
with Cr BraeahesNet work EIl ement s

(external constraints)

’Besides electBireabth€s Neiwai k &t kRenenspeci fic

l i mitations may be necessary to guarantee a secure
| mport/ Export Il imits declared by TSO are taken in
ispeci al 0B+CaxrAdahesalNlet wor k Eheomedes to guarantee

that the market outcome does not exceed these | imit
here that these constraints are not new, since al.i
account implicitly wh'n WiotnhpuRlioow BadLesd, they

appear explicitly and their usage is justified by

among whi ch:

Xx Avoi d mar ket results which | ead to stability pr
net work, detected by system dynamics studies.
Operational adjustment is not a daily operational step but

possibly done on FRM values when the |l atter are computed.
*Discrepancies can be identified in some cases, for i nstance
export (respectively import) NTCs of a given hub are | arger |
spectively import) EC of the same hub in FB. These discrepanc
al reasons
1.At i mpl ementation | evel, the ATC and FB model obviously
could lead to slightly different results.

The NTCs belong to an ¢ unlikely €& situation (typically, t
export), therefore it is foreseeable that just summing up

and comparing them with ECs can |l ead to differences.
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Avoid market results which are too far away from
flows going through the network in the base-case, é
ceptional cases would induce extreme additional fl
ment s, |l eading to a sitwuation which could not be vi

t he

concerned TSO during t he verification step

4. 2—69) .21 other words, FB capacity C[OHW RSPDONNHOV 9 6 h(

genc
t he

Sinc

need

cal l

One

me nt
t he
day
wh at

unac

Thes
t he
cert
t he
Capa
day -

y analysis, based on a DC | oadflow approach. T
constraints determined are active power flow ¢
e grid security goes beyond the active power f
es |like:
oltage stability,
ynamic stability,
amping (DC cables, net positions),
to be taken into account as well . This requir
of constraints outside the FB parameter compu
ed external constraints (ECs).
al so needs to keep in mind that EC are therefol
security of supply and are in this respect sys:s
ed as an input of the FB <calculation process.
TSO operator does not decide including or not e
(or even hour), he wild/ al ways integrate an ex
ever the current operational conditions ar e, i n
ceptable situations.

e external constraints may also be model ed as

gl obal net position (the sum of all Cross bor dc¢
ain bidding zone in the single day-ahead coupli
net position of the respective bidding zone wi
city <calculation regions (CCRs) which are par
ahead coupling. When model ed as such, the EC v
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part of the FB calculation and wil!/l thus not be mo
I n the case that an external constraint is | imitin:i
ceives a shadow price. Il ndeed, the shadow price in
fare increase when the constrained el ement i s marg
The shadow price, a useful indicator to assess the
a gi s wi || be part of the active constraint re
wards NRAs.

External constraints versus FRM:

FRM values do not help to hedge against the situat
above. By constructi on, FRMs are not <covering volt:
i ssues which can occur in extreme cases, not onl vy
based Aonlyo on a DC model , but al so because as the
values |l ooking fibackwardo, (based on historical da
cover situations which never happened. And this is
pose of external constrains, t o prevent unaccept e
(which by definition did not happen), | ike voltage
ity issues on the grid.

Therefore, FRM on t he one hand (statistical appr
Abackwardo, and Ainsided the FB DC model) and exter
on the other hand (deterministic approach, |l ooki ng
beyond the | imitations of the FB DC model ) are c¢omg
cannot be a substitute to each other. Each TSO ha
own thresholds on the basis of complex studies, b u
ti onal expertise acquired over the years.

The advantage of FB in this respect is that it mak:
activation of external constrains fully transparent
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EC expl i ciBtraCreihteischNeelt wor k( whielme nt key are taken

into account i mplicitly when computing NTCs) but
easily identifiable i n t he publication. l ndeed,
straightforward (0;0;0;1 or -1, the margin being 1t
i mit) and can be directly eloivmked bt oddi s owner re:
zone since it rel ates to the 1 or -1 in the PTDF m
CWE TSOs consider that full transparency is already

respect .

The following sections wil/ depict in detail t he me
TS®* to design and implement external constrains.
Austrian External Constraint

APG does not apply an import or export constraint.
German External Constraint:

For Gee mahuxembourgi an Biddimporfoma mrexpor't

eohst+at+nt-s— wi | | n oa p pblei ' yist h the i m-
pt+ementatitoen—of—the German—+—Aust®ican BZ border goi
tober—2018 [ OHW RSPDDIWWHUW\SH | s
Dutch External Constraint:

TenneT NL determines the maxi mum i mport and export
for the Netherl ands based on off-line studies, w h
'2Any time a TSO plans to change its method for EC i mplement at
to be done with NRAs® agreement, as it is the case for an
change.
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voltage coll apse and stability analysis during dif
export situations. The study can be repeated when
may result in an update of the applied values for

straints of the Dutch net wor k.

Bel gi an External Constraint:
El'ia uses an i mport I i mit constraint which is rela
stability of the network. Thi s Il imitation is esti

studies which are performed on a regular basi s.
French External Constraint:

RTE does not apply external constraints.

4. 2Coordinated Fl ow Based Capacity Calculation Proc

4. 2.Merging

Basis for the calculation process is a model of the
grid Model (CGM) t hat represents the best forecast
sponding hour of the execution day (day D). Due t
within the process, the creation of the CGM has t

t wo-days ahead of day D. The CGM is a data set <crea

i ndividual grid models by a merging entity.

This data set contains
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xthe single D-2CF data sets from CWE TSOs: Eli a
(FR) , TenneT (NL), TenneT (DE), Transnet BW ( DE)
(DE), 50HzT (DE) '¥and APG (AT)

xthe DACF data sets from the non-participating T

nent al Europe
The network of Ger man Control Bl ock (GCB) is compo
(DACF) , TenneT DE, Transnet BW, Ampri on, 50Hertz ai
a pre-merge. DC cables linked to other control bl o
as injections in the model. The schedules on these

sistent with the forecasted exchange programs.

The DACF data sets of non-participating TSOs are r

the physical influences of these grids properly ir
calculating transfers between FR-BE-NL-DE-AT. I n t|
not shown zones are external zones, which are repre
tive or negative injections.

L3 D- 21CR Edeattsa

from SwissgtriisdonhQH)
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NL DE PL rest of CE
B
BE z Q
<+«——— FR - h
@ CH AT
IT
ES+PT
The merging process wild/| be done
to the internationally agreed

1.Check of

participating

i ndi vidual
TSOs:

X Check f

X Check

2.Bal ance check

I n case of

dat a

or for mat

nal CWE Merging

3.Merging

X Check i

accordi

x Al |
GSK

i n a
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n
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process:
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ng t
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|l oadfl ow

mi smat c h,
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Bl ocks
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provide their best estimate (shaping FI ow- B
main) and all ows a merge not i mpacting shape

Based domain when reaching Reference Day Net

tions.
Note: the merging activity is not a fully automatic
es a sanity check (for mat comphbiranee),) tie-lines st
bakance) of each individual file with a speci
procedure in case of inconsistencies.
4.2 . Pr.e-qualiffcation

Before the first FIl ow Based parameter cal cul ati on

the consistency o8 tthel apwitbddthe forecasted grid-

situati on. Speci al attention is given to the Reme:
describedcBaNHKH e e. Every TSO has to check, i f t he
scribed RAs are available in the forecasted grid si
' prequalifi@matiliams sies sanen't phase available at any moment of |
FB process, during which each TSO ca@amChilssdss the relevance o0

with respect to the operating conditions at the moment of <ca

Therefore, operational experience plays a major rol e. Concre
facilitated by a tool which allows an efficient review of th
wel | as a cross comparison of interconnectors and associated
As such, prequalification is an introduction to qualificatio

first elements to be discussed and coordinated between TSOs |
process, which is why it is presented here before qualificat
sequence. I'n practice, prequalification can be done before ea

put ati on.
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adaptations might have to be done. This pre-qualif
contains, i f necessary, t he i nformati on sharing a

with adjacent TSOs.

4. 2.Bentralized Initial-Flow Based parameter comput :
The Flow Based parameters computation is a central
tion. As the whole grid is Ilinearized, the <cal cul
with the much faster DC approach and delivers two |
parameters needed for the following steps of the FB

i) Remaining Available Margin (RAM):

As the reference flow (Fref) is the physical fl ow

common base <case, it refl ects Brhaenclhoadi ng of t he
geinveennt st he exchange programs of the <cho

reference day. The RAM is determined with the for mu

5$0 )PD[ + )UHI £ )50 = )$9 $05

Out of the formula, the calculation delivers, with

er parameter s, the remaining asmdGd@ble margin for
Thi s RAM is one of the inputs for the subseq

steps. The adjustment for minimum RAM ( AMR) is appl

qualificafion step

%) ease refer to paragraph 4.2.5 for more details.
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i)
The
zon
sin
tor
add
t ai
por
i nt
The

Power Transfer Distribution Factors (PTDFs):
PTDFs are <calculated by wvarying the exchange
e (=market area), taking the zone-GSK into acco
gle zone-variation GthEGNEebhdchgonhnhsewmeny -

ed and the effect on the | oadflow is calcul atec
itional export of BE of 100 MW has an effect of
n => PTDF = 10%) . The GSK for the zone has a
tant influence on the PTDF, as it transl ates t
o an increase of generation in the specific node
PTDF characterizes the l|linearization of the mod
nt process steps, every change in the export prc
ed into changes of el EEyY omg | toinp Itihceat i on
h the PTDFs.

4.2 . Hl.ow Based parameter qualification

The operational FIl ow Based parameter qualification
cuted Il ocally by each TSO, and covers amongst ot her
action. For each @BohWNE ¢dumidamtg the FIow Based-
domain, the TSO checks, i f Remedi al Actions (RA) ar
could enlarge the Flow Based-domain. This is in col
| ocal capacity calculation procedures and risk poli
the nature and the complexity of the specific RA,
applied explicBEGNEHiliem hyrhea detailed description or
too complex and the effect is known or can be estin
ing the Final Adjustmengu.1/—.&4—41.e1.(34bofse-[0HWRSPD(DU\DHOV °o6 |
ordination between CWE TSOs is needed for the appl
di fferent RAs . A coordination of cross-border Re me
hances the security of supply and can increase the
be offered to the market. I nformation sharing amon
key role in this respect . Common procedures i ndi c
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ot hers which Remedi al Actions will be applied for

cul ati on.

The aim is to qualify in this stage the maxi mum FI c
t hat can be given, with respect to the TSO6s ri sk
| owi ng criteria and parameters can hel p and gui de

phase:

Xx The Fl ow Based domain should be comparabl e with

the previous day (i . e. max net positions compal
environment did not change significantly (i .e.
forecast, outages, renewable energy forecasts)

x The Fl ow Based domain should be bigger than the

X The current reference program has to be i nsi de
Based-domai n, nor may there be violations of (.
Fref < Fmax ¥ FRM i FAYV.

4. 2. Mi.nRAM process

The MIi nRAM process is applied to provide a mini mal
t he marklebhe—MARAM—F—sSs—apptied—usinmg the AMR (Adj us:
H—-—mr-m—RAM—att+i+bute—of—eaech——aff+ected CBCO which
AH—A——a-t RA-M—p—e—+ EB-Cc-Os— Co+—+—eht++—y— t he value for Mi

2-0-%. and to ensure that the capacity provided with

gion 1 s compliant with the provisions of Article 16
2019/ 943.

Page 67 of 151



The Mi nRAM process is applied using the minRAM fact

each CNEC which guarantees a mini mal RAM per CNEC.

The minRAM factor will be set'®@met vaNElC 20% and 2009
l evel to comply with the minimum margin of 70% and
tional derogations and/ or action plans foll owing f

provisions of article 14 to 167 0of Regul ation (EU) 2

I n exceptional circumstances, the mi nRAM factor ca
20% by a TSO in case required to maintain operatio
which case the TSO needs to justify this to the re
ties

| t is the responsibility of the individual CWE TSO:
appropriate values for mi nRAM which ensure compl i a
mini mum margin of 70% and possible national deroga
action plans following from the relevant provi sion

16 o f Regul ati on (EU) 2019/ 943, this document doe:

which minRAM values wil/| be applied per TSO. The r e

moni toring t he compl i ance of t he i ndivi dual CWE T

their rel evant NRA.

A TSO mawly his minRAM factor at di fferent steps o
based calculation deoicdestoanosotmaap hey

'%For the bidding zones which calculate the impact o f non- CWE
to forecast, the i mpact o f this forecast mi ght |l ead to relie
Mi nRAM applied higher than 70%.

' All derogations (AT, BE, FR & NL) can be found here. DE ac
found here. NL action plan can be found here.
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AMRMIi NRAM faichn orcertain circumstances on speci f
cBEOsCNEars the full s exBCefs CiNfr CjsTSOsHi ed to
regul atory autdrealitdiesnr &duac tbhieomperfor med:

a. before the initial flow based paramet el
when—+he—FSOo0—Fdent+F+i+es—+he—nmrecessity when pr
EBESOCNEC

b. | at the qu&lUi fication pha&e{OHWRSPDIDiNNWHUW\SH ﬂu
7THNVWNOHXU =ZDUW

c. ,during the veri,fication proce{oHw RSPDBIWWHUW\SH 1L}

\\ THNVWNOHXU $XWR (QJHC
. . . . . N\, *URRW %ULWWD L
Thexetlusi onr eodfu ethippdi—eat+—on of AMRea mE - QQLs

iOHW RSPDMHWWHUW\SH X

be triggered in situations when ther ¢7HNVWNOHXU *URHQ (QJg

medi al actions, costly or not, in order to ensure t

ply and systemosesguvityeps mentioned above

FHre—p+o€cess—of—exetuvsion—can—be—perf or med when t he
ts—nhneeessity—{(Ffoeo+r—examplte—F+n——case of pl anned out a
—g—t+he—€EBCcOo—"—+st+—Fo+—+he——Ft+ow—PBased cal cul ati on. I
foe+med at guoat—+F+eati-on phase—oF | ater during ver

based——b6r—t+he—F+esuvt++s—F+—Fn+—++-at or intermedi ate com
The high-1evel calculation process is the following
X EBEOs CNEwist h a RAM o4%tcefsish et hnann RAM f act or

mul t i pl iFmaxoyat =zero-balance are assigned an AMR
ue(adjust ment f oirn norndrefrvE-d e i nctrlee s e
A XY —M A RAMES—en—hourly basi sRAM

x Cal cul ation of the AMR (negative value means i n

pacity same as for FAV):

R-AMR = MiRAODFMax * X) [ OHW RSPDDXNWV VWDQGDD

R where—RAM— F MaxFmefx -—FFRARM F M<ax* OHW RSPDOHW RSVRPPLQJV

o N 1LYHDX S8LWJIHOLMQ
| ,QVSULQJHQ RS Fp

"~ [ 0HW RSPDXNWV VWDQGDD
[ OHW RSPDBXMWV VWDQGDD
x RAM provided in further calculations then incl.

and X = minRAM factor

computed AMR:
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RRAM = FMax ¥ Fref ¥ FRM 1T FAV i AMR

4. 2. FBl.ow Based parameter verification

After the qualification phase, ttheNET SOs provide an
file to the Common System. Bacsled i 6be, t Ai s wupdated

second Fl ow Based-parameter calculation is started.
| ation delivers the | argest possible Flow Based don

the Security of Supply (So0oS) domain. This domain i s
der to take into account the fAiMi nRAMO. During the
TSOs check whether the computed Flow Based domain
with a possibility to identify constraints througt
analysis. Therefore, at this step of the process,
sibility to ascertain the correctness of the FIl ow
generated by the centralized computation:
X TSOs can check the grid security in the relevan
vertices) of the Flow Based domain by customi zin

ation pattern to the commonly observed one for

sponding vertex instead of wusing the |Iinear GSK
X TSOs can perform a full AC |l oad flow analysis o

points, thereby taking into account reactive pow
X TSOs can check if the voltage | imits of the equ

spected

X TSOs can assess voltage stability (voltage col |l a
X TSOs can investigate extreme net positions
| f security issues are discovered, TSOs <can wupdat
fH Il eerse n(tby &&diCrilg: stnhe avt wer e
not perceived upfront as being limiting (for insta
combined and/ or wunusual scheduled outages), by adap
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’Adjustment Val ue) , orcBdbys Cekdérwdi ng he

AMi NnRAMO application).

’After the verification step a@RClpdddiehbl y adaptation
the final FI ow Based-parameter calculation can be p
i ncludes adjustment t o l ong-term nomi nations (c

|‘4. 2—89) . And presol veAd( 84 . &hémtser

OHW RSPDMNVWHUW\SH (}QL

{96
\{ OHW RSPDMHMWWHUW\SH (}Q:
96

4. 2. L7TA inclusion check

The LTA inclusion can be performed in the F|l ow Base
tem or by Euphemia. The execution of the LTA inclu
mia is the target solution. The current solution i
the Flow Based Common System with Virtual Branches
towards the target solution wild.l be notified to Mal

due ti me.

1.l mplementation of LTA inclusion at FI ow Based cor
si de

Given that Programming Authorizations for l ong ter
pacity (LTA) have already been sent out in D-2 Wor
cording to the current version of the Auction Rul ec
all ocated capacities of the yearly and monthly auc
included in the initial FIl ow Based-domain which is
taking into account the cross-border nomi nati ons.

t hat the flow based domain provided to the day-ah

(after taking into account the cross-border nominaj
include the O hub-position point. This can be <che
FIl ow Based-parameter-calculation. The fundament al r
signing this ALTA coverageo ar e explained in det

14 . 631514.6

The figure below illustrates the calculation that h
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Af t er each <calculation a check can be performed i
available margin after LTA adjustment is negative.

For every EBes\dll vedf ol l owing check is perfor med

(NAB. (NAB/ 026 &(0P 4 AR aawF . 640

and then the following equation is checked
RAM* = Fmax 1 Fref* - FRM 1 FAV- AMR < O
Frnax ’ l FRM: Flow

Y Reliability Margin

FRei’
Reference Flow of the

Base case, reflecting

@ the Reference
Exchanges of the F.,.

Trad Base Case e sang:lerm
Y/M-Trade Flow on the Base case Allocatad
of Ref D “

reflecting allocated capacities
Long-Term Capacities

D-Trade
of Ref D

Fo
I f the remaining margin is smaller than zero, this
not fully covered by the FIlow Based domai n. I n t hi ¢
is applied that enl arges the Flow Based-domain in a
are include@&bBs Vilkatruealcreated and introduced, whi ch

repl aceBChef or which RAM < 0, and that guarantee t

clusion of all LTA, as illustrated in the figure be
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FBdomain from
qualif/verif

Possible
precongestion

LTA domain

FB domain from ///

/ \

\\

’

FB domain from ///

/ \
Experience of t he LTA inclusion can be found
14.4931514.18
2.1l mplementation of LTA inclusion at Euphemia side
LTAO)
The LTA inclusion can be performed at Euphemia sid

TSOs send a virgin domain with MinRAM applied and

Euphemi a wil| be able to combine the two domains i n
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the Virtual Branches

ow the optimizer to us

and the physical FB dom

Branches domain (as pres

any VB creation upfront

should be the same as

|l ate similar behavior as with
words, the concept is to al
bination of the LTA domain

is similar to the Virtual
proach above), just without
sible market clearing points
proach, the approach i s just

more efficient and sca

The mathematical description can be found in the
while the comparison between the two approaches ca
the Annex 14.30.
Please find a pedagogi cal exampl e bel ow. I n this 2D
can find:

X A simplified physical FB domain in Dbl ue

XA LTA domain in red

x The alpha which represents the choice from the a

choose for one domain or the other

Xx The Virtual Branches domain in purple
The three first inputs are used by the extended LT
can model the cyan domain which can be similar to t
(alpha = 1), to the FB domain (alpha =0) or to any
tween. Therefore, the set of feasible market coupl.
the same as for the Virtual Branches approach.
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Animation of LTA inclusion by Balas formulation
T T T L] T

T T
B LTA domain ]
3000 FB domain
- Combined domain by Balas for certain o
IVB domain
2000 - .
1000 + -
o
=1
.S
"g' ok < :0.52 i
(=}
S
Z.
-1000 - E
22000 - E
3000 - -
1 1 1 1 1 1 1
3000 -2000 -1000 0 1000 2000 3000
Net position 1
Remar Kk: Even i f the operational solution wil/l be sV
tended LTA approach, t he computati on of a Final F I
Virtual Branches as presented before wi | | remai n
transparency towards Mar ket Parties, Shadow Aucti on

ATC exctraction.

4. 2.18TN adj ust ment

I n case all CWE borders use FTRs, LTN adjust ment ca
As the reference flow (Fref) is the physical fl ow
common base <case, it refl ects Brhaenclhoadi ng of t he

esNet wor k Elgeinveennt st he exchange programs of the <cho

reference day. Therefore, this reference flow has

take into account only the &effect of the LTN (Lon¢
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tions) of day D as soo'f aTshet heefyf eacrte oknn otwhne do -

main is schematically visualized in the foll owing f
adjusted (shifted)
FB domain
' \\ Shi ;
AN i/
initial FB domain
For the LTN adjustment, the same principle has to
every constraining el ement. A linear fibackward-forw

with the LTNs multiplied with the PTDFs delivers
cBs CNEasf fected by these LTNs. The remaining margin

all ocation can be calcul ated by:

'8 A description of the publication of the initial and final F

in Anh4ex6%5. 6
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+ + + 9 $05
+roH+HHt+—vHHH—F+1+—+5+H+35RJ 37')

5$0 )PD[ + JUHIY + )50 + )$9 $05
JUHIT  JUHI /71 + SHI3BURJ 37")

+

4. 2 .19nnt egration of HVDC interconnector on CWE biddi

zone borders

1The CWE TSOs apply the evolved flow-based (EFB) me

when including HVDC interconnectors on the CWE bid
borders. According to this methodology, a cross-zo
over an HVDC interconnector on the CWE bidding zon
model |l ed and optimised explicitly as a bilateral e
pacity allocation, and is constrained by the phys
this exchange has on all CNECs considered in the f
domain used in capacity allocation.

21ln order to calculate the impact of the cross-zona
a HVDC interconnector on the CNECs, the converter
the cross-zonal HVDC shal/l be modell ed as two virt

which funct.i n equivalently as bidding zones. Then

o)
an exchange between two bidding zones A and B over

interconnector shall be expressed as an exchange f
ding zone A to the virtual hub representing the se
HVDC interconnector plus an exchange from the virt
resenting the receiving end of the interconnector
zone B:

26 & ,oL 26 &(EF 26 &jGisg, E 26 &jassF 26 &z,
wi t h

26&j4r; zone-to-26kRaetk Virtual hub, 1 on a CNEC
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virtual hub 1 representing the convel
at the sending end of the HVDC int
or |l ocated in bidding zone A

S5 |~
o |-
O |0
Lol o Y e

26 &jA¢, Z O -to-26Raetk Virtual hub, 2 on a CNEC

e

h virtual hub 2 representing the conve.l
n t

t

at t he receiving end of h e HVDC i n
or |l ocated in bidding zone B

,_,.
(2 (@2 Lol oo}

The PTDFs for the P&v&(agiarnt2@ & 45 haurbes

calculated for each CNEC and they are added as two

columns (representing two additional virtual bi ddi

exi st2e&@mat r i x, one f or each virtual hub.

The virtual hubs introduced by this methodol ogy ar

4 .

T
n

S

model ling the impact of an exchange through a HVDC

nector and no orders shal/l be attached to these vi

coupling algorithm. The two virtual hubs wi | | have

position of O MW, but their individual net positio

exchanges over the interconnector. The fl ow-based

of these virtual hubs shalll be of the same magnitu

wi | | have an opposite sign.

D OHW RSPD®EWDQGDDUG 6WD
&RQV'RF 5HJHODIVWDQ

.30ut put dat a

3.Fll.ow Based capacity domain

he Fl ow Based parameters that have been computed i
et positions, giBvemecthke NEf Wbi ebltatt mane s
pecified by the TSOs i n CWE, can be facilitated wu

Coupling without endangering the grid security. As

B
f
b

ased parameters act as constraints in the optimize
ormed by the Market Coupling mechanism: the net poc

i ddi ng aznalne/s r t uian thhueb sMar ket Coupling are optimize

n a way enabling that the day-ahead mar ket wel far

Page 78 of 151



while respecting the constraints provided by the

from the TSO point of view all/l FI ow Based par amet e
and do contain information, not all FI ow Based par e
vant for the Market Coupling mechani sm. l ndeed, on
Based constraints that are most l'imiting the net P
be respected i n t he Mar ket Coupling: t he non-red
straints. The redundant constraints are identified
the TSOs by means of the so-called presolve. Thi s
schematically illustrated in the two-di mensional e X

In the two-di mensional example shown above, each si

t he graph refl ects t he FIl ow Based parameters of

AE | leinmee indicates for a speci fic Cr

g t lhemebnooundary between allowed and not

all owed net positions: i . e. the net positions on o

are all owed whereas the net positions on the other
| oad t hi sB+GunicthiNceatl ahlde emdtanger the grid se-

curity. As such, the non-redundant, or presol ved,

rameters define the Fl ow Based capacity domain that
the yellow region in the two-dimensional figure ab
this Flow Based capacity domain (yellow region) th
tions of the market can be optimized by the Market
ani sm. A more detailed representation of a two-di.

Based capacity domain is shown hereunder.
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_1HW SRV.LWLRQ %

1THW SRV

The intersection of multiple constraints, two in 1t
example above, defines the vertices of the Flow Ba:
mai n.

4. 3 Qutputs for extended LTA i mpl ementati on

When the Extended LTA inclusion i s considered, TS O«

files in order to compute the market coupling

1.Virgin FlowBased domain with MinRAM applied

2. LTA domai n

4—4—3— 2. 4. 3. 3. Fl ow Based capacity domain indicators

From the Flow Based capacity domai n, indicators ¢
that characterize the Flow Based-domain and provi de¢
formation of the domain. These indicators are publ
ted89 or monitored by the9NRAs (see chapter
x FIl ow Based-Volume: fivolumeo of the domain
RThe volume is computed in n-1 di mensions, w h
the number of hubs participating in the CWE |

the sum of the n net positions must be zero).
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RThe volume can be compared with the volume of

er domai n, for instance the LTA domain (Long-

|l ocated capacity domain).

RThe intersection of different volumes can be

for instance the intersection of the Flow Ba

and the LTA domain.
x FIl ow Based-vertices: Net positions of the Flow B
X Min- Max net positions: Mini mum and maxi mum net
values for each hub, feasible within the Fl|low |
(by assuming that al | other CWE hubs contribute
cific Min-Max net position). An il lustration of
positions feasible within the Flow Based domain
di mensi onal example used so far, is shown in the
(the respective vertices are indicated by the bl
as the corresponding Min-Max net positions are h
the blue | ines).
X Min- Max bil ater al exchanges between any two hub
within the Flow Based domain (by assuming that e
changes in CWE <contribute to this specific Min-
exchange) .
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