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1. Context

1.1. The region
Article 15 of the CACM sets that all TSOs shallnjity develop a common proposal regarding the detetion of
capacity calculation regions (CCRs). The commomgsal shall take into account the regions specifigubint 3(2)
of Annex | to Regulation (EC) No 714/2009 where BWE region is formed by the borders Portugal-Sgaid
France-Spain.
The SWE CCR was approved by all the NRAs on Novertiee1 7" of 2016.

1.2. The aim of the study
The aim of the presented study is to comply withiode 20 where the TSOs concerned shall demonstnatethe
application of the capacity calculation methodologing the Flow-based approach is not yet moreiefft compared
to the Coordinated Net Transmission Capacity aggr@nd assuming the same level of operational ggdnrthe
concerned region.

1.3. The study
This proof is carried out with two different stuslibased on scenarios used for weekly capacity ledilou process.
The first one demonstrates that the element thatdd the capacity on one border for the selectetharios is not
influenced by the exchanges on the other bordeis amonstrates that Flow-based would not be mfficest
assuming the same level of operational security.
The second study demonstrates that the shape &ldiaebased domain is near to be rectangular, whielns that
there is independence between borders; and itsaisop with NTC weekly calculation demonstrated tha Flow-
Based domain is not bigger and therefore does mtige more capacity to the market assuming theesawel of
operational security.

2. The pragmatic Study

2.1. Objective
The aim of this first study is to evaluate the iripaf the exchange program of one border on th#itigimagnitude
detected in the NTC calculation for the other barde

2.2. Studies developed
Firstly, it is convenient to explain that the bdedl agreements between REE, REN and RTE for weslhacity
calculation process establish to use scenariosmwihexchange value in both Spain — France andnSp&ortugal
borders. The NTC in border A is calculated while #€xchange in border B remains null, and vice véisa exchange
value in the studied border is increased until @ation of the security standards is found, nosexg available
remedial actions to relieve it. The NTC value iarfd after subtracting a reliability margin, andraiting constraint
for a certain magnitude is identified.

For the present study, the NTC values already ewatliwere combined according to thowing process:

i. Take the initial scenario with null exchange intbbbrders A and B.

ii. Setthe exchange value in border A at maximum velieC + RM) with null exchange in border B. In this
situation thdimiting magnitude remains under the admissible operational rangeeasing the exchange
value in border A would lead to overpasise admissible range.

iii. Increase the exchange value in border B until riegcthe maximum value (NTC) for each direction

iv. Check the new value for the limiting magnitudehe border A mentioned in step 2.

The described process was performed twice per soena
* First study: border A is France-Spain border andi®&oB is Portugal-Spain border.
» Second study: border A is Portugal-Spain bordertmrder B is France-Spain border.

1 This is the basis of capacity calculation: if tixeteange value is higher than NTC+RM, the limitinggnitude would overpass
the admissible range.
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As an example (see the following images), for itst tudy: the exchange in France-Spain borderseaat TTC
value from France to Spain and the exchange iruBakSpain border was increased until NTC for ediobction.
The same analysis was performed for the directiom fSpain to France.
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2.3. Scenarios for the analysis
Scenarios from real capacity calculation weeklycpss were used because of the quality of thesesifigum a well-
established process. Additionally, it was decideddnsider all transmission network elements a$ agethe HVDC
Sta. Llogaia — Baixas in service.
The capacity values in France-Spain border wersidened taking into account HVDC in service forth# scenarios
in order to have uniformity of the interconnectfaeilities in all the scenarios. Therefore, it weeded to include the
HVDC in the scenario W26 2015 as the HYDC commisisig was in October 2015, after the mentioned week.
It was also agreed to take into account the upoftee Spanish Grid Code (Operational ProcedurelP1pat the
beginning of April 2016 for all the analysis, imflg the removal of the 400 kV double circuit ViceRila/Bescano6-
Sentmenat from the Spanish internal contingenty lis
A set of eight scenarios was selected, coverink jaeal off-peak situations per each season. Pealofirbak
scenarios have to be distinguished because ofdifgrent generation and load profiles. The foeasons are studied
because the thermal limits of network elementscateulated and set for them within a year, andawec different
seasonal profiles. As a result, this set of eighharios provides a good representation of the eWmdr. The complete
list of the scenarios is listed below:

e Summer 2015 week 26 Peak

e Summer 2015 week 26 Off-peak

e Autumn 2015 week 44 Peak

e Autumn 2015 week 44 Off-peak

*  Winter 2016 week 4 Peak

e Winter 2016 week 4 Off-peak

e Spring 2016 week 17 Peak

e Spring 2016 week 17 Off-peak
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2.4, Results
The methodology explained is applied taking intocamt the following NTC values.
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INFLUENCE OFSPAIN — PORTUGAL EXCHANGE PROGRAM ON LIMITING CONSTRAINT DEECTED INNTC CALCULATION
FORFRANCE — SPAIN BORDER

Starting with the set of eight scenarios with mxthange value in the Spain- France and Spaintaddborders, 32
scenarios were built and analysed following thehmeblogy explained in point 2.@nly in 2 scenarios, the limiting
contingency detected in the weekly NTC calculafionFrance-Spain border lead to values in the chédystem
magnitude3% higher than the admissible limit. For these two scenariasy reduction of the NTC value would be
necessary ahese slight increases in the limiting magnitudesid be covered by the reliability margin
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INFLUENCE OFSPAIN — FRANCE EXCHANGE ON LIMITING CONSTRAINT DETECTED INNTC CALCULATION FOR
PORTUGAL— SPAIN BORDER

Starting with the set of eight scenarios with mxdthange value in the Spain- France and Spaintddgiborders, 32
scenarios were built and analysed following thehmeblogy explained in point 2.2. There wergy three scenarios
where the modification in France-Spain exchangeligdpthat after the most limiting contingencg, system
magnitude would reach to a no admissible value. In these three scenarios, the most limiting cg@ncy was the
trip of the 400 kV double circuit Cartelle-Lindo4oand 2, and the limiting magnitude was the voltpgase angle
difference between the 400 kV substations Careafié Lindoso. According to Portuguese Grid Code, vbiéage
phase angle difference cannot be bigger than 3fedeand in the identified scenarios reached 3fedsglt should
be highlighted that the power plants connectedectoghe Portuguese-Spain border had a big infei@nthe voltage
phase angle difference, therefore the influencéhefFrance-Spain exchange variation in the NTCutation for
Portugal-Spain border depends on how the powetptamnected close to the Portuguese-Spain bordenadified
to build the scenario with no null exchange valuéhie Spain-France border.

This statements highlights the fact that it is dioectly one border that impacts the other, butertbe location of the
production, reducing the interest of a Flow-basgpreach and focusing on the quality of the GSK meétiogy in
Spain and Portugal.
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2.5. Conclusions of the pragmatic approach study

The studies performed show the following two coridus for the Spain-France and Spain-Portugal verde

Firstly, in almost all the scenarios the limitingnstraint identified in the NTC calculation for oberder is not
affected by the exchange value on the other botdehe specific cases where the limiting constrgimes out of the
admissible range, only a 3% of the admissible limeached and it would not be needed a reductidine NTC, as
the slight increase in the limiting magnitude colnédcovered by the reliability margifihis sensitivity of oneborder
to the exchange on the other border isthen so low that it shows that Flow-based does not provide added
value compared to the current NTC methodol ogy.

Secondly, looking into these specific scenarios, résults are highly influenced by the method agpto modify
generation in the Spanish system, especially whegrergtion units involved are placed close to thelés. As a
consequence, the generation shift keys for capaaityulation process should be created trying flecta realistic
increase/decrease of generation. This generatidh sén be clearly identified with the merit ord8SK which is
the methodology applied in Spain and Portugal inTCNapproach. Nevertheless, Flow-based approach does
not allow to use merit order GSKsas it only supports proportional GSKEhis lack of precision would
lead to higher level of uncertainties and thus higher reliability margins, leading to lower offered capacity to
the market when using Flow-based.

2 This idea is explained in chapter 3.
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3. The Flow-based study

3.1. Objective
The objective of this study is of two natures. Véenplete several Flow-based (hereafter FB) calauiatiand determine
domains in order to check both their shapes arasare
It is relevant to mention that SWE TSOs would neghificant research and development to be ableréperly
integrate all the specificities of the SWE CCR iB Fools, as explained in detail in point 3.3.3. fiéfere, we
focus on two main indicators that will help us urslend and compare FB and CNTC methodologies applithe SWE
CCR. First we have to look at tishape of the domain which is the indicator of a mutual influence oétaxchange on
one border on the other considetemtder.We will also thercompare the areas of both CNTC and FB domains and see
what is better fit for SWE CCR. In addition we idi&hwhat would be necessary to be developed ireotd go with a
Flow-Basedcapacitycalculationmethodology in case that it is necessary in thedut

3.2. The study

3.2.1. Assumptions
Since the operational rules were significantly ietpd by the commissioning of the HVDC line, the samles were
applied for all the scenarios:

e Operational security limits effective in April 20k&ven for scenarios before this date (change airiyg
criteria for double circuit contingency by Spanisigulation)—.

» Use of proportional GSK which implies an approxiebnearization of REE & REN merit order GSK.

*  Only the limiting Critical network elements idetg¢ifl during the weekly calculation were applied.

* FRM is the Flow Reliability Margin, the security ngin that is taken per line to cover the uncertamof
forecast scenarios and unintended deviations betwemntrol areas. In Coordinated NTC a TRM
(Transmission Reliability Margin) is considered,iahis a security margin statistically determined éach
whole border and not by single element.

* Interconnection with Morocco not considered.

3.2.2. List of scenarios
This study has been done using four of the scenased for the pragmatic study: peak and off-peakarios from
winter (week 4 2016) and spring (week 17 2016) esswhich are representative of the behavior efibrder and
when the France-Spain HVDC interconnector was diréaservice.
These four scenarios are still representative @btrhavior of the border since they are from twiedint seasons and
representing peak and off-peak scenarios.

3.2.3. The calculation
For this study, SWE TSOs used the Flow-based fonatities of the tooConvergence, used in the past for the CWE
CCR Flow-based parallel run in order to determitevbased domains.
Inputs from the two weekly calculation processesaaly in place were incorporated and already détedrlimiting
elements based on those weekly calculations werg. ddanual entry and adaptations of the inputs werssary in
order to incorporate them in the tool and allowtausomplete a calculation.
As no previous data was available to determine MaMes, SWE TSOs decided to use a value of 10#eafiaximum
flow available on the grid elements like it was daturing the CWE FB parallel run. This value wasdufor the
guantitative comparison with NTC domain.

3.2.4. Limitations

Due to a tool constraint, the comparison betweéreme positions of the Flow-based domain and NTMIW is not

relevant for the purpose of the study, as the dosnaie not always centered on 0 MW exchange proberause in
some cases the basecase scenarios automaticadisagehby the tool include embed long terms prograrhus, the
most representative analysis is to compare arektoef-based domains and the NTC (rectangle) domaffiesed to

the market. It is also possible to compare thelalld margin on the limiting elements. Practicajyeaking, the
domain has to be validated manually, setting exghamograms by varying generation with proportic®8Ks in all

the bidding zones; flow on the limiting elementsiicbthen be monitored.
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3.3. Results
3.3.1. Domain for each scenario

How to read these domains? These domains are bagbé net position of Spain, meaning that vefyogbu can see
the exchanges between Spain and Portugal and htalothe exchanges between Spain and France.
An NTC domain would be represented in this situaby a rectangle with the SP-PT TTC (NTC + relidpinargin)

as the two horizontal lines and the SP-FR TTC aswvertical lines.
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From a qualitative point of view, we can see ors¢hdomains that they are composed of constraiatsatieal most
or vertical or horizontal, meaning that theinfluence of one border on the other isreally small. This indicates that
the use of these domains would not bring additicapkcity to the market.
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3.3.2. Quantitative comparison
As already mentioned the extreme values are nbettaken into account, nevertheless it is posstblmmpare the
areas of NTC domains and Flow-based domains feetfeur scenarios.

Week 4 Off-Peak Week 4 Peak Week 17 Off-Peak Week 17 Peak
Ratio areas 92% 112% 90% 108%
NTC/FB
Number of 1203 2421 487 977

hours per year®

We can already see that on average the two methgiésl seem to offer very similar level of capatityhe market.
NTC domain areas are slightly bigger for peak sdesaand slightly smaller for off-peak scenarids. the peak
scenarios represent almost the double of hours tthaff-peaks scenarios, it is concluded thathis studyNTC
providesadlightly bigger level of capacity, in average. Buthisideaistotally reinforced when we look into details
of week 17 Off-peak scenario (the case where ttie NIC area/FB area is the smallest) avelobserve that the
obtained FB domain wasin the end not secure, as it is explained below:

Validation of the FB domain with proportional GSK
Flow-based domains have been generated with piopaltGSKs. Validation through a security analysisfirmed
that the domains are safe using the proportiond.GS

On the example below, the yellow CNEC is the caggincy of line A, applying remedial action B anddigey to a
load of 100% of the limit of line C.
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Validation of the FB domain with merit order GSK

To better reflect market behavior for the Iberiaraa we applied the merit order GSKs and performesbcurity
analysis. It is found that in the corner markedhwat red cross the load on the mentioned line @8% of its

acceptabletransit, meaning that this corner of the Flow-based dornsaiot safe and thiswould haveled to a much

bigger rdiability margin on this CNEC, to take the uncertainty of thelinear GSK into account.

Therefore although for week 17 off-peak scenatiigger FB capacity area is obtained in a first statye to the use
of proportional GSK some portions of this area dofulfill the security criteria. It implies thahé actual value for
theratio NTC area/FB in this scenariois significantly higher than 90%.

3 Number of hours representing peak and off-peakshimu the corresponding season during capacitutation in 2016
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3.3.3. List of constraints
In addition to the results of the comparison stbéyween Flow-based domains and NTC domains, thHeiesl
specificities of the SWE CCR would incur signifitaR&D costs and delays of the implementation of ¢apacity
calculation methodology due to the followiteghnical constraints of the state-of-the-art FB tools:

1.

TheGSK linearization. Both Portuguese and Spanish TSOs currently ugamoved merit order GSK that
best represents the behavior of the internal maikes GSK approach is totally relevant to obtaalistic
results. The merit order GSK methodology is avddab CNTC approach, on the contrary the Flow-based
allocation requires a linear GSK that imply a chaimgthe GSK methodology for REE and REN with acle
impact on the methodology and the calculation witlack of quality. This limitation would lead toghier
uncertainties thus increasing the reliability marigi Flow-based method.

The HVDC saturation. The normal mode of operation for the HYDC on BEiench-Spanish border is the
emulation of the behavior of an AC line, exceptsewtlit reaches its 2000 MW saturation. The HVDC
saturation is properly managed in CNTC method hig hon linearity of the network element is not
compatible with the Flow-based allocation.

The voltage phase difference angle constraint. Due to incapacity of closing a tie-line aftertitp on the
Portuguese-Spanish border because of a voltage plifference angle constraint, the capacity orPheSP
border is frequently limited. This mathematical ity is currently managed in CNTC method and a&eh
into account in any Flow-based capacity calculatind would need to be tackled.

Voltage constraint. The capacity on the SP-FR border can be limitegltd a voltage constraint. The voltage
check is currently managed in CNTC method and mkert into account in any Flow-based capacity
calculation and would need to be tackled.

In conclusion, CNTC gives mor e capacity for the market and the method can properly takeinto account all the
specificities of the SWE region and for using Flow-based method significant developments would be needed
according to the current state-of-the-art.

There are then alsmarket constraints to implement the Flow-based methodology, as weehseen it in other

CCRs:
1.

FB requires to adapt the Power Exchanges Marketpling tool and procedures in order to take a new
Flow-based area into account, different to theanursingle values NTC values. This has a significapact

in terms of project duration, operations and cdsts market players. Indeed if CNTC approach is
implemented, the outputs will be the same as toalag,Power exchanges would not have to adaptttas
and algorithms to take into account a Flow-basedaln (which would lead to performance issues on the
market coupling tool).

As shown in the result of the FB study, the FRM moeiblogy for FB could lead in the end to higher
security margins than a TRM for the CNTC approadtere there is only one margin and not the addition
of several margins. This means that even if botfCNnd FB domains were strictly equivalent, the FB
domain would end-up smaller than the NTC domainmdueplying the reliability margins.

3.4, Conclusions of the Flow-based study

Both the shape qualitative aspect of the domaidstla@ quantitative analysis of a comparison of doraaeas
prove that Flow-based domains would not be biggewven differently shaped than Coordinated NTC doma
Besides, the required effort to implement the Fluaged methodology would lead to a significantlygen
implementation period with risks in term of R&D ittegrate constraints which have never been expesid in
other CCRs.

This means that if Flow-based were applied while ensuring the same leve of operational security, the
capacity would belower or at best equivalent to what a CNTC methodology could bring to the market.
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4. Conclusions

Both studies ended with the same first conclusiba:mutual influence of both bordersisalmost negligible. The
pragmatic study shows there are only 5 out of @haros where there is a slight impact (~3% ofuiefice) of one
border to the other. The Flow-based study endel siilar results since most of Flow-based domaiveha square
shape similar to Coordinated NTC approach. Moretiven that, th€ NTC methodology would lead to equivalent
or bigger domainsthan the FB methodology in the SWE CCR.

Besides, the second conclusion is that the impl¢atien of the Flow-based methodology would induaghhr
costs and delays due toitehnical limitationswith the current state-of-the-art, in particular: the management of
merit order generation shift keys —crucial in SWgion—; possibility to apply remedial actions inkial control of
the particular Spain-France HVDC interconnector —A@ulation with saturation—; and possibility to ckehe
voltage and voltage phase angle difference. That find the second limitations would lead to highetiability
margins to cover the non-linearity of the real gaitd the proportional GSK approximation in Spaid &ortugal,
while CNTC method can properly take into accouhttese specificities of the SWE region with thaitable tools.
No current solution is available for the third lsation when using Flow-based.

Additionally, the CNTC methodology provides easier follow-up and zer o extra costsfor market parties, given
that this approach has less complexity than Flosetlanethodology, and its well-known outputs areaaly being
used today.

Therefore SWE TSOsjointly request to apply the Coordinated Net Transmission Capacity within SWE CCR
in view of the efficiency of this latter compared to the Flow-based approach, in line with paragraph 7 of the
article 20 of the CACM regulation.



