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Short-term and Seasonal Adequacy Assessments Methodology 1
Explanatory note
(supplements the Methodology document for information and

clarification purposes)

Disclaimer

This explanatory document is submitted by ENTSO-E to ACER and all Stakeholders for information
and clarification pur pos eShort-term| and Seascnal ngleguagyi| N g
Assessment Methodology in accordance with Article 8 of the Regulation (EU) 2019/941 of 5 June
2019 on risk-preparedness in the electricity sectora
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| Introduction

The shortterm and seasonal adequacy assessment requirements are set in Article 8 of Regulation (EU)
2019/941. Focussing on study horizonsleds than 1 year ahead, it can be clearly separated from the
EuropearResourcAdequay Assessment (ERAA). Latter covers study horizoii yearaheadassedssg

the impact of the system development trends on adequacy, inciutiaggen thegeneration capacity mix,
achange of demand patterns, network developments, etc.

Beside their gecific purpose, one additional benefit of each stadg-{erm seasonal and shetgrm) is that
findings in one assessment are transferred to theshexter timeframe assessment. This information transfer
raises awareness of data preparation quatiportance and suggests where analysis of adequacy deserves
more dtention. However, each assessment product performs yaupdated analysis, using the latest
available data.

Decarbonization of the electricity sector and massive integration of varialldelis t@nincreased need

for regional cooperatioon adequacyassessmerdnd risk preparedness to prevent and manage electricity
crises. The ®asonaladequacy assessmesuppors decision makingoy stakeholders (MSs, NRAs, EC
ACER, Market Operators,t@) i who try to mitigate risks fothe coming seasoifi and bridges the gap
betweenthe mid-term resource adequa@nd shortterm adequacyassesmens. Shortterm adequacy
assessmesfre also gaining importance, especialynsideringhe pace of renewdb energy expansion

The riskpreparedness regulatigRPR) of the clean energy for all Europegpackagestretchegoals and
framework ofbothshorttermand seasonadequacyssessmentsor these assessments, there is a need for
a common approach todhvay possible adequacglated problems adetectedThisdocumensupplements
theMethodology document with details timee methodthat is usedo assess adequacy aartexplanation of
conceptghat areused inthe Methodology.

In this document, if notxlicitly mentioned the samedescriptionsapply for both seasonabndshortterm
adequacyessessments.

Il Short-term and seasonal adequacy assessmentsd general adequacy
assessments context

Shorttermand seasonadequacy assessmehtwse a different purposthan medium to londgerm European
resource adequacy assessment (fromgbaado several years ahéad he use o common methodology

for the medium to longerm resource adequacy assessment is prescribdee ilectricity Regulatn
2019/943 It shallensurghat Member State decisioos possible investment needs are made on a transparent
and commonly agreed basiShort-term and seasonabdequacy assessmem® used to detect possible
adequacy related problems in short timefrgmeamely seasonal iXsmonths ahead)monthahead
weekahead to at least dahead adequacy assessmentese assessments shall first ensure risk awareness
for all relevant stakeholders and support system operation by identifyiagtheadequacyisks areand
whentheserisks exist. litan alsaupportsystem operation plannirig mitigate those risk®.g. maintenance
planning). The @ame methodological principles may be applied for stesrh and seasonahdequacy
assessmentdHowever, the latter assessment deals with h&y uncertainty compared the shortterm
adequacy assessmenhis uncertainty imamelyrelated but not limitedto weather conditions.
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Closer to real time, a higher accuracy for system operation is required

Figure 1. Overview of pan-European Adequacy Studies

Severalyearsahead resource adegyaxssessmentequirea largeset of data aprobabilistic inputs, while
in infra-week adequacy assessments some irgarishe forecaste@.g. wind temperaturepnd therefore
modelledwith lower uncertainty but stilby using gorobabilistic approach

Seasonal adequacy assessments bnidigeterm and shorfterm adequacy assessmeptayvidinginsight on
potential periods of adequacy risks using a watege of climatic scenarios.

Shortterm adequacy assessments, hamely vabelad toat leastdayahead, réne the inputs based on
forecass, thus dramatically reducing thmcertainty Theycan include adhoc regional studies with detailed
network modelgo validate risk and evaluate counteneasures to mitigate adequacy problems detected in
the pan-Europearphase of the assessment. This provides ingigbitthe circumstances and contingencies
under which risks would be credibleurthermore, TSOs canidger a regional assessmewnthen internal
congestions can be anticipategien if no risk is detected.

Month-ahead adequacy assessmanay be performed oSO request if resource availability changes
significantly compared tthe correspondingeasonal assessmehihe nonthhaheadadequacy assessmést
classified asa shortterm adequacy assessment amgerformed in between seasonal and wesiead
adequacy aessmentsVery oftenin this timeframe information does not changggnificantly compared
with the seasonal adequacy assessmiEnerefore the latestseasonal adequacy assessnadgnetadycovers
the risks of most possibleesource availabilitghanges Furthermore, the uncertaintyf the month ahead
study compared witthe seasonal adequacy assessnolerts not decrease @sthe case witlweekahead
adequacy assessmer@ds the other hanéh some rareccasionsasignificantchange ofesource availability
might occur.An example ofsucha change could be axtersion of the planned outage afbig generation
unit orof aninterconnection which will prevehis unit to come back to operatidduch a gnificant change
of resource avhbility may havean impact on adequacy ia timeframelarger than theweekahead
timeframe.Therefore, monttahead adequacy assessments mighdsormedif TSOs estimate thathe
situation has changed significantly ccangd tothe seasonal adequacy assmenand if TSOs estimate this
impact to go beyond theagkahead horizon
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Il Scope of Adequacy Studies

1. Geographical perimeter

The geographical perimeterowgers all ENTSEGE memberandengages neighbouring regions to pptte
in theadequacy studs The minimum requiremefior geographicagjranularity ighe minimum size between
country, bidding zonesnd control area

g o
Figure 2 Geographic perimeter of short-term and seasonal adequacy assessments (status December 2019)

Furthermore,ENTSOE endeavows to establish and foster cooperatibetweentightly interconnected
systensd 0 p g If tlhosewegions commiib cooperation on adequacy assessments stiayldbe modelled

in thesame detail as ¢éhcore analysed systems. Otherwise, contributigateEuropean adequacy of those
systemswill be considered with the assumption of ENFE@nsembers having interconnections with those
systemsThese systems are referred to as-explicitly modelled sysms.
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Explanation

Model element Modelled Zone Non-explicitly modelled
system

Resources Yes No

National Balance Yesi result of resources, outages Yesi neighbouring TSO assumption
and demand balance

Impact of weather variability Yes No

2. Temporal scope

At least lourly time-stegs shall be used iall studiescovered by this methodology

Short-term adequacyassessments
The weekaheadadequacy assessment is performed every day and ciheeis following days. This
assessmeralso includeshe day-ahead timeframasrequired by regulation.

Seasonahdequacyassessments

The ®asonabdequacy assessmerovers at leastneseason as describedtire Methodologyi the period
between IDecember and 3Warch for winter adequacyassessments; arttie period betweerl June and
31 Septembefor summeradequacyessessments.

The abovenentionedstudy periods shall be considered as minimum requirements to be redpectd
seasons. It corresponds to the experienced risk periods feedhety of supply in Europe. ENTSBEdoes
not exclude specifiassessmenta earlier or later weekif there would bea potential risk.

IV Adequacy calculations general approach

The djective of adequacyassessmentis to monitor if available supply antransmission capacitiesre
enoughto cover demand undesarious conditions and if not,adequacyassessmerdattempts to identify
location,moment impact andspecificsourcef adequacy risks.
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Figure 3: General Adequacy methodology

Using the well proven Monte Carfarobabilistic approach, setof possible scenarios for each variaisle
constructedo assess adequacy risks under various condifumthe analysed timeframeror all these
scenariosat leasthourly calculationsire performed fothewhole geographical scope.

!g x\-».

K years of interdependent N random draws K x N
climate data for unplanned outages scenarios

Figure 4: building set of scenarios

Scenarios are constructed ensuring that all variables are corr@lgerdependent)n time and space.
Correlation is ensutEby the analysis dhistorical weather conditions and variable input statistical data (e.g.
demand). To ensure highest quality of data used in assessments, fireparedy experts working within
dedicated team# pan-European Climate Data base maiméal by ENTSGE andassures a high dagaality

and consistency across Europe.

Resources shall be consideitthey are markebased. Any nomarket resourcespchasstrategic reserves,
shall be disregarded in the base case calculationg.rmay only be considereaba pasible remedial action
in sensitivity study

The dspatch price (which sets a merit ordisrjletermined on commduel and @ price assumptions that
are used as best estimmfBhese prices areiture prices of C@and fuelsor when such prices dmt exist,
thelatest statistical information is taken (e.g. nuclear fuel prices).
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Supply and interconnector availabilitponsider scheduled maintenanceend other known outages
Unplannedoutages of supply anihterconnectorsHVDC and HVAC) are considered i probabilistic
mannerusing historical dataand consider both probability of outage and repair .tMdkile modelling
unplannedutageof supplyunits and HVDC interconnectoisrather straightforward, modellingiplanned
outagesf HVAC interconnectios is more complicatedhsthese interconnectors do not represent physical
crossborder interconnectors but rather represephysical capabilityd exchange energy between two
systems.

V Model Elements

Adequacy models are builsing three major pillars:esinand (includinglemaneside responsand system
reserve requirementssupply (e.g. generation, storage units) angrid representation which coects
demand and supply in differembnes Additionally, climate data are used to address uncertaintigesé
three major pillars.

1. Demand

Demand data shatbnstituteof best estimates of demand available antioenent ofassessment. Bee data
ses shall especially reflect electric vehicle and heat pump penetration as well as eledricitygdgrowth

or deceasge.g. under energy efficiency progranassumptionsA number of demand profiles are created
to represent demand variabilityy response taveather conditions.

Demand for system reserves shall be defined based on the practice of system operationsspécific
system.

Furthermore, available contribution ofarketbaseddemandside response as well additional demand
during charging of storage units shall be considereddigidual elements responding to market signals
Demandside response whigbrovides system reserves shall be disregarded.
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2. Supply

Supply datashall includelatestdata onavailable supply resources considering planned wranned

outages. Any supply resources shall be considered. Supply resources may be generagjerarsl available
exchanges with neaexplicitty modelled neighbouring countries. Hydro generatg&hall be modelled
consideringenergy availability.
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Definition Explanation 7 Planned Outage

These outages are all outages known at the moment of adeqgeasgmsniThese includenaintenances
existingoutagesiue to forced outages and aupplyunavailability due to other reasons.

Definition Explanation 7 Unplanned Outage

are modelleds outages iaddition to planned outages.number of random drawings takenconsidering

These outages are not known in advaheglanneddutages may occur due to technimahuman faults an
forced outage rates of generation or transmissionsagsebnsider such outages.

3. Grid

Zonesare represented ampper plats (single nodes) which are coupled vianodelledinterconnectors.
Modelled interconnections represent Net Tran€fapacity zone coupling or Fle®ased zone coupling. In
one adequacy assessment a combination of zone coupling methods might besarsedzones rght be
coupled through Net Transfer Capacityngocoupling and otherdirough FlowBased zone coupling
considering the current market coupling of that region/countrgach bordeandconsidering the current
market rules (i.e. articld6 Electricity marlkt regulation (EU)2019/943. Grid representation shall be
evolutive, consideringnarket coupling of each specific region in all analygesrEuropeanregional and
national) in line with Commission Regulation (EU) 2015/1222 of 24 July 2015 establishmgdeline on
capacity allocation and congestion management

Examplei Net Transmission Capacity model

N\ A,

c Interconnection representation.
Described with MNet Transfer Capacity. Unique for each direction
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Examplei Flow-Based model
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Critical Branch Critical outage representation.
Describ ed with Reliably Available Margin and coefficients of balance

Examplei Combined model

/
17\
X

Critical Branch Critical outage representation.

Describ ed with Reliably Available Margin and cosfficients of balance
¢ Interconnection representation.

Cescribed with Net Transfer Capacity. Unique for each direction

4. Climate Data

Various climate data are applied to consider variability of supply and demirmd, photovolaic and
concentrated solar power plant generation estinzestegell as hydro inflow into hydro power plaate part
of these data.Temperaturés used to determine demand variabilfprecasts aralways used ifivailable at
the time ofasessment

Seasonahdequacyassessments
These assessments are made rd#iniethead othe consideredeasonThe availability offorecasts for this
time horizonis consequentlimited anduncertainty is highThereforea variability of weather gtternsby
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means of numerous scenarigsconsidered to account for potentiidks. Correlation of all variabless
consideredn time and space ensuring reliable assessment results.

Example

Weather

Assessment day Coming season

Expected weather 3 Uncertainty range

Short-term Adequacy Assessments

These assessmemsverperiods fromat leastday-ahead to montahead Someforecass areavailable for
this period anatonsideredn the study Uncertainty of forecastis also accountefbr, considering thathe
uncertainty range ofveatherforecastdeaeasedor studyperiods close to the moment ofassessment (e.g.
day-ahead).

The set of scenarios built considering forecast uncertainty in different time hor&zdrurthermore,
correlation between each variableisuredin time and spacéased on historical data reanalysis

Example
L 3
~——
5 /J/
=
= ——
Ll 4 . /
= //.'/‘__ - .~ N
A
\\_T/_‘\
N
T — o d
Assessment day Assessed period
Expected weather [ Uncertainty range
VI Metrics

Metrics are measurs to quantify and interpret adequacy assessment reQaltsful selectiorof metricis
importantas well asanexplanatiorof their meanindo the audiencd-urthermore, differeninetricmight be
relevant formeasurinqadequacyssessment resufty differentanalysis timeframes.

Seasonahdequacyassessment

A rangeof metricsmay be used forseasonaladequacy assessmenEachmetric might provide specific
insight on adequa@ssessmenthereforea combination ometricsshoudd be used. For example, there might
be a risk ofoad sheddingffectinga very small number ofonsumerdut for an extendedperiod Because
of this longer periodsome might considehis riskasrelevant. Further on, ihight be the oppositas well
there might be a risk of vetlyrief supply scarcitaffectingmanyconsumersthereforetherisk might bevery
relevant
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Potential andvell-known probabilistiometricsare describetbelow. However, in some specific cases other
metricsmight be used, which wid help to identifyand quantifyrisks The need of suchetricsmight be
considered in each stuihdividually considering adequa@ssessmemesults.

Loss of Load Expectation(LOLE) in a given geographical zorandfor a given periods the expected
number of hourgluring which dack of marketbasedesources is expected to cover the demand needs with
sufficienttransmission grid operational security limitis indicator is very usefub give anoverview of
adequacyverlonger periods and is commoly used in adequacy assessmanishasthemid-termadequacy
forecast

Explanation

Transmission grid operational security limat® margins necessary to ensure secure system operations| Those
could be classified into two groupgpower balance margins @émetworkoperational margins.

Networktransmission grid operational security limaie ensuré via the application ofthe N-1 operationa
security critenim. This security critetim ensures that any singb®ntingencyin a system can be managgd.
Furthernore,asecurity margin isipplied when determining exchange capacitieducingNTCs or RAMS).

Power balance margins are needed to cope with variationsnudrd] generatiorand exchangebetween]
zones These arensuredhroughbdancing reservedn adejuacy assessmerttge capaity which is needec
for balancing reservas allocatedto bealways available for this purpase

Demand

Time

— Average demand Demand [ Operational Security Margin

Expected Energy Not Served (EENSh a given geographical zormmdfor a given periodis theenergy
(MWh) which is expected nobtbe supplied due talack of marketbasedresources retainingufficient
transmission grid operational security limitBhis indicator describes the magnitude of adequacysssue
expressed in energy for an analysed season.

Relative EENSis amore suital# metricto compare adequacy across geographical scapé representhie
percentage dbtal demandMWh) which is expectedotto besuppliedduring the analysed period

Loss of Load Probability (LOLP) in a given geographical zoma@dfor a given ped, isthe probability to
havealack ofmarketbasedesources to cover the demand needs with suffiti@msmission grid operational
security limits This indicator representselikelihood of adequacissues in an analysed period.

ENTSO-E aiseL « Avenue de Cortenbergh 100 « 1000 Brussels « Belgium « Tel +32 2 741 09 50 « Fax +32 2 741 09 51 « info@entsoe.eu * www.entsoe.eu



Short-term and Seasonal Adequacy Methodologyi Explanatory note e N t S O@

Example with 4 Monte Carlo samples

Ouvutage
No Outage With Outage

Z
—
O
o
5
[
——
:
| ?
Resource
DSR Solar Other RES 0 M Coal
Imort availability Wind Other Non RES as Nucledr

Indicators for this example period

LOLE—average number of hour with lack of market
based resources to cover demand with sufficient security
margins. LOLE =3/4=0.75h

EENS—energy which is expected not to be supplied with
market based resources considering need of sufficient
security margins. EENS is area between demand curve
and resources divided by 4.

Relative EENS—EENS divided by annual typical con-
sumption.

LOLP—probability of lack of market based resources to
cover demand with sufficient security margins.
LOLP=1/4=25%
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Adequacy probabilitymetric is the main indicator to assesshortterm adequacy Furthermore, other
supportingmetrics are usedsuch asEENS and LOLE. If a high risk is identified, further analysis is
performed.

The value of thedequacyprobability metricwithin a given geographical zoaadfor a given period, ithe
probability of marketbasedresources being sufficient to supply demand with suffidieatsmission grid
operational security limitsSum of this indicator and@LP yields100%.

VIl Result analysis

Result analysis (and presentationjaisintegral part ofthe adequacy assessment. This step of adequacy
assessment employs indicators as a meapresent adequacy theassessed geographical perimeter.

Seasonabhdequag/ assessmen

Theseasonal adequacy assessn#atl consist of three main steps. Fiessgasonal spatial screening shall

be performedThe purpose of this is to givageneraladequacyndication forthecoming season in Europe.
Secondatemporal screening shalktperformed to analyse when adequacy risks are highest. Third, and if
relevant, circumstances under which risks exist shall be investigated.

The gatial riskscreeningshall present a genericdicator for the coming season on the large geographical
perimder. This shall raise awarenesdiud adequacy situation in each assessed geographical zone as well as
raise awareness of neighbouring zor@se ofthe potential indicatorganbe relativeEENS which isthe

ratio betweernthe EENS during the@ssessegeliod andthe zone demand during the same period.

Example

Adequacy status
No adequacy concerns
Adequacy concerns

Figure 5: Principle of spatial screening (fictive example)

The emporal riskscreeningcan be supported bychartof LOLE or LOLP on European levedn aweekly
basis(Monday to Sunday,)This would allow to detect which weeks are mostly at risk
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Example
Baltics
Time frame
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Nordics
Time frame
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Figure 6: Principle of temporal screening (fictive example)

A dedicatedrisk analysisshall be performedon weeks with higbstrisks. This analysis shall focus on
understanding the risk (magnitude, probability and any other related parameteijeatifying the
circumstances when risks are relevant. gaipr-madeanalysis might bexecutedor this purpose and will
depend orthe caseby-case situation. Some tife potential analyss which might be done are:

5" percentile osuppymargin (considering available imporfsy eachzonein given week This would

represent margin under severe conditons
Supply margini for a given timestep and zone, supply and import still available after demand is
satisfied. In case of supply scarcitgservemargin is negative and represents demand which
would be needed to be shed.

LOLP per zonenadaily basis This could be used only &relevant risk fora specific day is

identified (e.g. risk due to coinciding maintenances on one specific day)

Expected Energiot Served EENS)perzoneon adaily basis during critical weeks

Distribution of theEnergy Na Servedwithin aweek andaheat map of when it is most likely to occur.

Example
Country A Country B
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Weekend Country A ]
Country B
Country C
Country D
Figure 7: Focus on hourly risk within a given zone and week (fictive example)
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For communication purposes it will be striven to communicate all resafsimatwhich is easy to peeive

for nontechnical readerSome indicators oul d be tr ansl| at éalg.to repgresentativea n g i
thousands of hoesh ol ds & equi val ent u rodcenvertipgoitt tee relativeanumbdrso a d
(relative EENS).

Short-term adequacyassessment

A short-term adequacy assessment is perforony astepwise approach. Firsgnadequacy probability
indicatoris calalated for each zone on an hourly granulaf@gnsequentlya systenwide view is taken by
investigatingfor each houthelowestadequacy probabilitgccurring inall zonesunder studylf at least for
one houranadequacy risk is identifieddequacy probability indicators are investigated for eacly gtute
separatelyto understandhe extent of the risk (whetharationaly or regionaly). Furthermore, adequacy
underapredefined scenario (e.g. most likely operational conditions) is checkedttdy get a betteinsight

on the risk. Lasyl, resource availability and demagdtimatesare investigated to get a quality insight on
adajuacy risks and remainirrgsource margins farachsystem
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Examples

Systemwide probabilistic results

09/11/201810/11/201811/11/201812/11/201813/11/201814/11/201¢
00:30
01:30
02:30
03:30
04:30
05:30
06:30
07:30
08:30
09:30
10:30
11:30
12:30
13:30
14:30
15:30
16:30
17:30
18:30
19:30
20:30
21:30
22:30
23:30

_ No adequacy risk in all Europe

Marginal adequacy risk exist at least in one assessed zor
Significant adequacy risk exist at least in one assessed z
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Examplei Study zoneprobabilistic results

Studv zone A
09/11/2018 10/11/2019 10/11/2020 11/11/2021 12/11/2022 13/11/2023 14/11/2024 ne B

2/11/2022 13/11/2023 14/11/2024) C

2/11/2022 13/11/2023 14/11/2024

I ~o adequay risk
Marginal adequacy risk exist

I sigviticant adequacy risk exist

Marginal adequacy risk exist

_ Significant adequacy risk exist

Marginal adequacy risk exist

_ Significant adequacy risk exist

Examplei Adequacy under predefined scenario

Study zone A
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