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1. Introduction

ENTSOE adopts and publ i s hSammeoQutloekrand AMinteruReviewob aassi s
required by Article 8 of the EC Regulation n. 714/20009.

These shortermadequacy reports focus on exploring the main risks identified within a seasonal period,
highlighting the possibilities for neighbouring countries to contribute to the generation/demand balance
in critical situations. The purpose of these reports is toigeoa platform for information exchange
amongst TSOs, promote discussion on transparency, and inform stakeholders on the potential system
risks so appropriate decisions can be made on topics such as maintenance schedules, postponement i
decommissioningand stakeholder awareness about levels of adequacy.

The presentSummer Outlook Reporadressepower balancesvith a nationalresolution between
forecast generation and demand on a weekly basis for the summerfpariad of June 2015 (week
23) to 20September 2015 (week 38) his report consideruncertainties such as climatic conditions
and outages, as well as other riskaracteristic othe system including the evolution of load, lead
management, generation capacities, and stability issues.

TheWinter Review covers the period fromDecember 2014 (week 49) 9 April 2015 (week 16).

It outlines the main eventghichoccurredduring the previous winter, according to TSOs, with reference
to security of electricity supply (i.e. winter conditiopswer system conditions, as well as availability
of interconnections).

The purpose of this report is to present TSOsb§b
the forthcoming summer period. It also seeks to identify the risks and the coeasares proposed by

the TSOs in cooperation with neighbouring countries, whilst also assessing the possibility for
neighbouring countries to contribute to the generation/demand balance if required.

I n addition, throughout nwhir s peqgiudgetfarnmenioardes & 31« |
to provide a level of confidence regarding the effectgaoifable generation such as wind and solar on
system operation. For this assessment, two reference points are used, aiming at identifying situations
where excess inflexible generator output exceeds overnight minimum denaagdany possible
downward regulation issues in a low loadiigh renewable (RESpfeedsituation (typically a sunny
weekend day).

In order to harmonise as far as practicable #saimptions on variable energy sources, bearing in mind

the inherent differences between countries, two different approaches are applied: while the individual
country analysis includes the data provided by the TSOs in order to take into account each country
specificities, the Pan European regional assessments include a harmonised probabilistic approach using
a Pan European Climate Datalidb@eECD).

Compared tothe last seasonaDutlook report, continuous improvements have been implemented,
especially regaling regionakensitivity analysisas well as population weighted temperatures in the Pan
European Climate Database.

The geographical ggimeter for adequacy assessment within ENFEGseasonal outlookss the
synchronous area enclosed by ENTEQnembersEuropean Economic AreaHEA) countriesand
Energy Community Countries. The assessment is performed at two levels:

T Assessment bindividual ENTSGE member countriesis well asAlbania, Malta and Ukraine
West.

i Pan European regional analysiassessing the possibility for neighbouring countries to
contribute to the generation/demand balance if required

Data fromTechnical University of Denmark

ENTSO-E aisBL * 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



entso®@

SUMMER OUTLOOK REPORT 2015 AND WINTER REVIEW 2014/2015

2. Executive summary

The ENTSGE Summer Outlook 2018hows thatpn the wholeEur opeés power syst
balanced during the summer periodnder normal weather conditionsndeed, ifdemandremairs
normal most Europeancountrieswill not require imports to maintaipalance between demand and

supply.
However,this changesf demand increases from normal leveécause ofevere weather conditions
such as heat waves and prolonged periods of high temper#acesdingto data submitted by TSOs,

countriessuch as Belgium, Denmark, Hungary, the FYR of Macedonia and Poland would require
imports to maintairtheir balanceduringall or nearlyall the summer period.

In September, there is ariskh at B énpatineedsdnsy excedd import capacitiesT his could

be the case ifa low generation from renewables coincides with high level of forced outage of
conventional generatioiRemaining uncertainties on tlnount ofconventional generation capacity
that will actually be availables well agheimpact of the newlow-based albcation methodaunched

on 21 May in Central West Europmay potentially greatlimpactthese conclusions

The ENTSGE Summer Outlook 201&lsohighlights the fact that during certain weeks over the summer,
it may be necessary to reduce excess generation in various countriessalf afrinsufficient cross
border exportapacity For example, the combination of higaneration frommenewablsand inflexible
conventionabeneration in Ireland, Sweden and Denn@rild lead to high exports to all surrounding
countriesovernight Curtailing theoutputof renewable energy sourcemy be necessary under certain
conditions in Bulgarialn daytime Denmark, Sweden, Bulgarigdatvia and FYR of Macedonia may
have toexport some of thegenerated power to neighbouring systems duringdemandperiods.

The ENTSGE Winter Review 2014/15 highlights that during the winter 2014/284fperatures across

the whole of Europe were near average. As a result, demand was around seasonal average in mos
countries. In Greece, Croatia and Serlsiaow, ice and strong wind caused some difficulties and
damagsto thetransmission networlklowever no critical situation related to system adequacy occurred

in Europelast winter
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3. Methodology

3.1. Towards a new ENTSO-E Adequacy Methodology

The integration of large amounts of Renewable Energy Sources (RES), the completion of the internal
electricity market, as well as new storage technologies, demand side response and evolving policies require
revised adequacy assessment methodologies.

ENTSOE is therefore working to improve its existing adequacy methodology with a special emphasis on
harnonised inputs, system flexibility and interconnection assessments.

ENTSOE publishedts Target Methodology after aconsultation perioavith StakeholdersGenerally the
stakeholders acknowledged the proposed target methodology and the comments iengebeedniainly on

the methodology that will be applied for the adequacy assessments, the assumptions made and models to b
implemented for the assessments and the need for increased transparency and further details that should L
published by ENTSEE, so dlstakeholders can effectively contribute to developing this methodology further.
Increased focus is on economic feasibility of generation assets in relation with adequacy assessments.

3.2. Source of information for Summer Outlook and Winter Review report

The ENTSO-E Summer Outlook 206 is based on the information provided by ENFE®embers during
FebruaryMarch on both a qualitative and quantitative basis in response to a questionnaire which has been
extended in order to increase the level of detail ofthegnai s per f or med. It prese
any national or regional matters of concern regarding security of supply and/or inflexible generation surplus
for the comingsummerand the possibility of neighbouring countries to contribute to the géme@demand
balance of each respective ENT-E®nember in critical situations. The questions mainly referred to practices

as well as qualitative data sent by TSOs in order to present country forecasts on a common basis.

TheWinter Review 2014/201&port isprepared on the basis of the information given by ENFES@®embers
through a questionnaire in order to present the most important events occurred dwimjeihgeriod in
comparison to the forecasts and risks reported in théMiaser Outlook. The TS® mainly answered if their
respective power system experienced any important or unusual events or conditions dwinigtieriod
as well as the identified causes and the remedial actions taken.

3.3. Dataused for the regional analysis

An extensive regionahnalysisis performed to completéhe weltkknown percountry analysis in the
methodology of seasonal outlooks. The aim of this investigation is to assess whether the country based
adequacy still remains fulfilled or is even improved wh&aaEuropean sale is taken into account. In other
words, it assesses whether the combination of countries with an electrical surplus and interconnection
capacities between countries will be adequate at certain points in time to allow the countries with a generation
deficit to import the electric power needed.

A synchronous point in time was used for all countries to allow for a meaningful analysis when determining
the feasibility of cross border flows. Before starting the data collection, and using European histmtical |
data, a study was conducted to identify the most representative synchronous time for covering the global
European peak load summer It was concluded that Wednesda®,00 CET most closely represents this
situation, and therefore data was requesteth fTSOs for this time poifit With regards to the regional
analysis, the following data from the data collection spreadsheet was used as input:

- Remaining Capacity fanormal andsevereconditions;
- Simultaneous importing and exporting capacity;

- A best estimate of the minimum Net Transfer Capacity (NTC) values towards and from individual
neighbouring countries.

2 https://www.entsoe.eu/nevesrents/announcemerasnouncementarchive/Pages/News/ENTSB Assessmenbf-the
AdequacyMethodologyConsultationis-Releasedaspx
SENTSOE i nt er anlEuropeap peaktand@dtak load study Pet er Ol of sson,
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In addition, across the period of assessment for thesoeMhey any Eur opean fAdownwar
where excess inflexible genéwa output exceeds demand are investigated. Similar to the peak demand
analysis, it provides an indication which countries require exports to manage inflexible generation. Indeed,
this involved an analysis of their ability to export this energy to neigigptegions that are not in a similar
situation. The reason for this analysis pertains to the fact that a number of TSOs expressed that they are
experiencing growing problems for system operation (mainly) due to the increase of variable generation on
the system (wind and solar) and the lack of more flexible generation means.

Similar to the generation adequacy analysis, to carry out a regional downward analysis, a synchronous point
in time was used for all countries in order to allow for meaningful analyses determining cross border

flows. The same European load study mentioned before concluded that minimal demand conditions generally
take place around 05:00 CET on Sunday morning.

In addition to this minimal demand conditions, it was concluded that tbsses with inflexible generation

are not only prone to happen during the night, but also during daytime when the energy production of solar
panels near its maximum. To cope with this effect, an additional synchronous time point was added for
Sunday 11:0@CET, when a combination of potentially high phetdtaicinfeedand reduced demand levels

exist. Quantitative data for this point in time was therefore also requested from all TSOs to allow for a

meaningful regional analysis.

For the regional downwardhalysis, the following data from the data collection spreadsheet was used as
input:

- The expected inflexible generation surplus at Sunday 05:00 and 11:00 CET,;
- Sum of the inflexible and mustin generation;
- Simultaneous importing and exporting capacity;

- A best estimate of the minimum NTC values towards and from individual neighbouring countries.

3.4. Renewables infeed data

For the pefcountry analysis, each TSO was requested to give an estimation of the highest expected proportion
of installed solar, onshore md and offshore wind capacity to be taken into account for the downward
analysis. Default values of 65% for wind and 95% for solar were presented, allowing for every country to
enter its best estimate. For the generation adequacy analysis the renévfabtbds handled through an
estimation of the nonsable capacity in normal and severe conditions by each TSO.

For the regional analysis though, it was decided to envision building a consistdhupaean scenario for
wind and solainfeed To this enda ParEuropean Climatic Databdsgas used containing peountry load
factors for solar, onshore wind and offshore wind per hour for a fouytsamperiod (from 2000 until 2013).

This database contains a separate capacity factor for onshore windreoftéid and solar per country and

per hour of the complete historical period covered. Additionally, geographically averaged hourly
temperatures are also included.

To create a consistent scenario throughout Europe, the following approach is adopteddim eeberence
time point:

1) Al Afirecordso are retained that I ie in a hou
two hours after the reference time point, on a date (day/month) between three days before the
reference date and three dayeathe reference date. This yields a collection of 490 (14 years x 7
days x 5 hours) records per reference time point;

4 Data from Technical Universityf®enmark
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2) To achieve per country representative load factors for the generation adequacy analysisande 50
10" percentile of the 490 record collections are respectively calculated for normal and severe
conditions of the capacity factors per country and for solar, wind onshore and wind offshore
separately. Calculated capacity factors as explained above are priovigguendix4.

As such, PaiEuropean consistent renewabiéeed scenarios are created. For example thHe ddcentile

scenario represents a consistent woaste scenario over the different countries and for the different primary
energy sources. It rds to be noted that this approach guarantees a-@amstscenario as it does not take

into account the correlation between the different capacity fa¢tersenewableinfeedin all countries is
simultaneously assumed to be given by th&@ddrcentie. This scenario can then be used to detect regional
adequacy issues that can consequently be further investigated in more detail and with a more realistic (and
therefore less worstase) renewable infeed scenario if necessary.

The methodology for the dowrard analysis is very similar to the one above, with the difference that'the 90
percentile is used. Calculated capacity factors as explained above are provided in Appendix

3.5. Detailed regional analysis for regions at risk

If the previous analysis showsat a certaircountry orregion (combination of adjacent countries) could
experience adequacy issues for a specific time point, this region is investigated more in detail in a next step.

The goal of this detailed analysis is to detect what the main diéversf a certain adequacy issue (e.qg.
temperature in country X, winok PV infeed in country Y etc.), and to be able to connect an indication of
probability of occurrence to it.

For every reference time point, the collection of 490 records is used #dfudifferent simulations. The
following high-level methodology is applied to build every one of those simulations:

1) As starting point, the qualitative data as given by the TSOs for severe conditions is used;

2) Next, the severe conditions load is replacedhe normal conditions, average load as given by the
TSOs;

3) The capacity factors for onshore wind, offshore wind and solar are replaced by those of the concerned
record;

4) Then the normal conditions load is scaled by use of-leagberature sensitivityelations. The
difference between reference temperature and the temperature of the concerned record is translatec
i nto Aincrease/ decreaseo of | oad, using the n

After performing these manipulations on the base da&asimulation is run (including the simulation of
crossborder exchanges with other countries), and the results are calculated. In this manner, for every
simulation it is determined whether or not the considered region suffers adequacy issues or not.

3.6. Scaling the load

As previously explained, for every separate simulation, theqmantry load needs to be scaled to a target
temperature as given by the PECD. To this end, ENES@Iculated loademperature sensitivity
coefficients were used as a basis. Aaidetl description on how these coefficients were determined can be
found in Appendix3. TSOs were given the possibility to modify the ENFE@entralized load sensitivity
factors with their best estimate during the data collection.

The graph below shows Wwdhese coefficients, combined with the normal conditions load and its temperature
reference as a starting point, are used to scale the load to the target temperature of the concerned record.

To this end, when temperatures are concerpepulation weigreéd average daily temperatures are used
Population weighted normal daily averagenperatureare consideredincethey arebetter suited to assess
temperature dependenad demand(see Appendix3 for details). This constitutes a methodological
improvemem compared to the previous Winter Outlook, when simply country averaged temperatures from
the PECD were used.
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Figure 11 Load temperature sensitivity

In case no reference temperature at normal conditions is given by the TS pleecgdtile of the collection
of selected records is used instead.

3.7. Aims and methodology

Upward adequacy
The methodology consists of identifying the ability of generation to meet the demand by calculating the so
called Aremaining capacityo under two scenari os:

The methodology is schematically depictedte figurebelow:
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Figure not to scale.

Figure 2 - Summary of upward adequacy methodology

The basis of the anadmyakconditionss. t Ner malt uadomadint icahs$ e
conditions that correspond to normal demand on the systerm@rmal weatkr conditions resulting in

normal windproductionor hydro output and an average outage levefisévere conditiond s c evasar i 0
also built showing the sensitivity of the generatioad balance téow temperature and extreme weather
conditions. The seve conditions are related to what each TSO would expect in terms of demand which will

be higher than in normal conditions and in terms of generation output which is reideissyére conditions
resulting on lower wind or restrictioms classicalgeneréon power plants due t®.g.extreme coljl

The figures of the country individual responses
Avail able Capacityo and the fALoad at reference p
capacity ighencalculated for normand severeonditions.

NTC values are used to limit commercial exchanges between neighbouring coAfitpesticipants were
asked to provide the best estimate of the minimum NTC values for being able to condurst@ase
analysis. When two participants progdldifferent NTC values on the same border, the minimum value was
taken.For theregional analysis, the choice of Neahsfer Capacity (NTC) values consid#érsinclusion of

firm contracts to the total commercial exchanges provided by TSOs.

Regional Andysis - The basis of the regional analysis is a constrained linear optimization problem. The
target is to detect if problems can arise on a pakuropean scale due to a lack of available capacity. No
market simulation or grid model simulation is taken into accounf. Therefore the analysis will only

show if there is a shortage on the European or regional level, it will not say which countries exactly will
have a generation deficitas this depends on the actual market price in all connected countries. The

5 Future improvements of the existing methlogyy for regional assessments foregesdual inclusion omarketand / or

grid modelling features. —=
9
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god is to provide an indication whether countries requiring imports will be able toobtain these across
neighbouring regions under normal and severe conditions. In othewords, the investigation carried

out is purely a.fifeasibilityo analysis

The firstelenent t hat i s checked is whether in a fAcoppe
cover the demand. Here, all remaining capacity is simply summed, and when the result is greater than zero,
theoretically enough capacity is available in Europemv er everyoneod6s needs. N

using this approach, neither for normal conditions nor for severe conditions. As this method does not take
into account the limited exchange capacity between countries, it is too optimistic to drawriciabimms
based on it.

As a consequence of this, a second, more precise approach is taken. The problem is modelled as a lines
optimization with the following constraints:

Bilateral exchanges between countries should be Itvaeror equal to the given NT@alues;
Total simultaneous imports and exports should be |twaror equal to the given limits.

Based on this methodology, it was calculated which groups of countries would have a generation deficit for
a certain week due to saturated croseder exchnges.

Due to no information alut non ENTSCE systems, like Russi&elarus the Ukraine except th&urshtyn
Island (part of the Ukrainian system that operates synchronously with Continental EMop®)¢o and
Turkey,the following values were assumed for these systems for the regional analysis:

The balance (remaining capacity) of these systems wasG&t\at.
A best estimate of the minimum NTC comes from neighbouring systems belonging to ENNTSO

This approachwilf esul t in a possibility to fiwheel 0 energ
adding to or subtracting from the total generation level of the region.

Downward adequacy

Under minimum demand conditions, there is a potential for countries ® dmawexcess of inflexible
generation running. Every TSO is likely to have varying leve afursun 6 gener ati on. Th
or generators that are required to run to maintain dynamic voltage support etc. In addition there will be
renewable generatiosuch as run of river, solar and wind whose output is inflexiblénayidly variable. At

times of high renewable outpatg.wind, the combination can result in generation exceeding demand and
the pumped storage capacity of the country. Inthatcasédi thae cess 0 generation i s
neighbour region or curtailed.

Theregionalanalysis takes the data submitted by TSOs and alters the renewwtd#d$o a representative
European scenario as was described in the section above. For cobatries/é an excess of generation, the
optimisation tries to export to neighbouring regions based on the best estimate of the minimum NTC values
submitted, and via a constrained linear optimisation.

The analysis will highlight periods where groups of caestcannot export all of their excess generation. It
should be again stressed that this analysis is hot a market simulation. Rather, it conducts a feasibility analysis
to indicate countries which may be required to curtail excess generation due to dirngedorder export
capacity.
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Figure not to scale.
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(at low demand
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generation

Figure 3- Summary of downward adequacy methodology
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4. Winter review

Across the whole Europe, winter 2014/2015 was mild with average monthly temperatures near or slightly
below the average valueAs a result, demand was around the seasonal average in most countries, with just
a few exceptions, in cases where demand is related to the higher industrial activities.

Snow, ice and strong wind in some parts of Croatia, Greece and Serbia causedfsuttiesldind damage
in transmission networlBeside this, only few isolated evertsuld be mentioned:

- All-time high wind feedn on few days in Germany, caused a high level of system stress and was
mainly lved by measures of redispatch;

- OHL 400 kV Albertirsai God, tripped on 02.12.2014 due to heavy icireyge number of pgns
have been seriously damaged

- January 2015. Was the windiest in 22 years in Republic of Ireland.

Except for faults caused lspow and heavy i¢@o critical situation relatedo system adequacy agced in
Europe duringwinter 2014/2015
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5. Summer Outlook

5.1. General overview

The coordination team which developed Beasonal Outlook Repde comprised of experienced experts

from various TSOs across Europe. The data submitted has been inspected by team members with a focus o
those regions on which they have extensive knowledge and have determined that the main conclusions from
the analysisre valid.

It should be noted that the analysis was based on data submitted by each TSO. A synchronous point in time
was requested for all data in order to allow for a comparison between regions. Hence, a feasibility test to
determine that there is enougéneration to meet demand under normal and severe scenarios was enabled.

Thesummeroutlook analysis, carried out by ENTSE) shows that Europe has sufficient generation for both
normal and severe demand conditions. While various countries may requingsingpcover the expected
demand, cross border capacity is expected to be sufficient to accommodate them. Hitiveveznd in the
decrease of programmable capacity is confirmed in the next years, adequacy tension may appear more often

An illustration of the evolution of generation capacity throughout gefris depicted below ifrigure4. The
capacity from controllable unitstrongly decreasedompared to last yearl2 GW),while the Renewable
Energy Sources (RES) capacihcreased+15 GW), causing the total net generation capacity to slightly
increase (+3 GW).

Net Generating Capacity evolution (2014 vs 2015)

20

15

10

GW
o

NGC RES Non RES

-10
-15
Figure 4 - Evolution of net installed generation (compared to previous Summer Outlook report, data in GW)

It needs to be noted that the quoted quantities are installed capacit@gesoor the availability (of
renewables) are not taken into accounthmabovellustratory graph.

Furthermore the situatiorat the end of thecomingsummercould be potentially stressed for the Belgian
system.

5.2. Individual country perspective analysis

Generation adequacy
Consideringhormal conditionsthe majority of countries are expected to be able to balance load without the
need of imports, as shown in green in Table 1. For weeks shown in yellow, the concerned country has to rely

6 Explain perimeter of seasonal outlook
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on imports in ordeto meet its demand and reserve requirements. The table does not give an indication on
the level of imports needed; this information can be found in Chapter 7.

Table 1: Import needs under normal conditions

Week |23|24|25|26|27/28|29|30|31|32|33|34|35|36/37|38
AL
AT
BA
BE
BG
CH
cz
DE
DK | |
EE
ES
FI
FR
GB
GR
HR

| | |
i
| | |
TSI
| L |
| | |
| | |
| L |
Ao | ]
| L |
| | |
=N
| | |
| L |
| | |
| L |
| | |
| || |
| L |
| | |
| | |
| | |
| | |
| | |
| | \

IE
T
LT
LU
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Under severe conditions (defined as 1 in every 10 years), the picture is significantly different (see Table 2
below):thei ndi vi dual ¢ o u n tmawlpfercalirriesaimtite Souther pareotEeirepe where
air-conditioning has a significant impact; on the other hand renewables infeed decreases and the estimatec
level of outages increaségheanalysis indicatethat under severe conditiofepproached as ones expected

to occur once in every Nearg across all of Europe, more countries reqinmports over several weeks to
ensure their demand being covered. Therefore, the transmission of powegh the cross border
interconnectors becorménore vital for system security.

Table 2: Import needs under severe conditions

Week |23|24|25|26/27|2829|30|31|32|33|34|35|36|37/38
AL
AT
BA
BE
BG
CH
cz
DE
DK
EE
ES
FI
FR
GB
GR
HR
HU
IE
T
LT
LU
LV
ME
MK
NI
NL
NO
PL | |
PT
RO
RS
SE
S|
SK
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SUMMER OUTLOOK REPORT 2015 AND WINTER REVIEW 2014/2015

The countries that need to rely on imports atdhgpeak load in case of low renewable (wind and solar)
infeedduring (almost) all weeks aBelgium,Denmark HungaryandFYRO Macedonia

Most countries did not communicate an increased rigienération adequacy issues for the coming summer.

Belgium

For the first time, a potentially increased risk of encountering adequacy issues might occur at the end of the
summer period. Due to high maintenance levels of conventional generation, and when situations of low
renewables infeeds coincide with a signifitaumber of units in Forced Outage, the amount of energy that
needs to be imported might surpass available interconnection capacity.

Given the fact that before summer the new FRaged allocation method will enter in force it is difficult to
provide very accurate estimations of the available importing capacity to be expgiowd the grid
infrastructure works planned for the summer peridolwever optimized to maximally limit the impact on
interconnection capaciticthese works are absolutely ne@gdo strenghten the grid and maximally ensure
the importing capacity under extreme conditions for next winter pefiodthe assessment at hand, NTC
best estimatewere made applying the currently active A-hdzthod.

Worth noting is the fact that thesessment that was performed is highly dependent on the maintenance plans
of the conventional generation units. Especially for the nuclear units, some uncertainties on those periods
remain which could significantly change the results, even leading toatiffeonclusions depending on the
extent of the changes encountered.

Downward regulation margin

Table 3 and Table 4 below show the exporting needs at the Sunday, 11 AM and 5 AM synchronous time
points respectively. It should be noted that the renewéfiesdfrom the data collection was used, which
represents a worsiase situation for every country separately.

Table 3: Export needs at the daytime minimum
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Week |23|24|25|26|27|28|29/30|31|32|33]34/35|36|37|38
GB
GR
HR
HU
IE
IT
LT
LU
LV
ME
MK
NI
NL
NO
PL
PT
RO
RS
SE
SI
SK
UA
cY
MT

The countries that need to export or curtail an excess of inflexible generation at the daytime minimum in case
of high renewables (wind and solanfeed during (almost) all weeks arBulgaria Germany Denmark
FYRO MacedoniaandSweden

Table 4: Export needs at the nighttime minimum
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