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1 Executive Summary

ENTSO-E's Summer Outlook has not identified any specific risk for security of

electricity supply for the summer 2019.

In general, the system adequacy assessment for this summer has even improved compared
to the same period last year. A detailed probabilistic assessment of week 30 (the most

constrained week), from 22 to 28 July, confirms these findings.

Total net generation capacity increase in Europe more than doubled between what was
recorded in the Summer Outlook 2018 (+/- 11GW) and what is recorded in this year's edition
(+/-23 GW). This is explained by increased growth of renewable generation capacity and

growth of some thermal technology. Coal generation capacity shows a continuous decrease.

Hydro reservoirs levels are close to the historical average in the majority of the countries
assessed. In France and ltaly, reservoir levels are between historical average and minimum
levels. Normal hydrological conditions are expected this summer because of the
accumulation of snow in the Alps. Switzerland saw higher than normal precipitations and mild

weather in the winter 2018/2019, and the level of its reservoirs  are above average.

As usual, the Summer Outlook is combined with a review of Winter 2018/2019 that was overall

marked by mild weather conditions Despite concerns due to delayed

nuclear maintenance and slightly lower temperatures than average, no adequacy issues were

recorded in Belgium last winter.




2 Introduction

2.1 Purpose of the Seasonal Outlooks

ENTSO-E and its member TSOs analyse potential risks to system adequacy for the whole
ENTSO-E area, which covers 36 countries including Turkey.! The report also covers Kosovo*,?
Malta and Burshtyn Island in Ukraine, as they are synchronously connected with the electrical
system of continental Europe. The data concerning Kosovo* are integrated with the data on

Serbia.

System adequacy is the ability of a power system to meet demand at all times and thus to
guarantee the security of the supply. The ENTSO-E system adequacy forecasts present the
views of the TSOs not only on the risks to the security of supply, but also the counter-measures

they plan, either individually or by cooperation.

Analyses are performed twice a year to ensure a good view regarding the summer and winter,
the seasons in which weather conditions can be extreme and strain the system. ENTSO-E
thus publishes its Summer outlook before 1 June and its Winter Outlook before 1 December.
ENTSO-E also publishes an annual mid-term adequacy forecast (MAF) that examines the

system adequacy for the next 10 years.

Each outlook is accompanied by a review of what occurred during the previous season. The
review is based on qualitative information by TSOs in order to present the most important
events that occurred during the past period and compare them to the forecasts and risks
reported in the previous Seasonal Outlook. Important or unusual events or conditions of the
power system as well as the remedial actions taken by the TSOs are also mentioned. The
Winter Outlooks are thus released with Summer Reviews and the Summer Outlooks with
Winter Reviews. This enables the past report analysis to be checked against the actual events

with respect to system adequacy.

The outlooks are performed based on the data collected from TSOs and using a common
methodology. Moreover, ENTSO-E uses a common database in its assessment, the Pan-
European Climate Database (PECD), to determine the levels of solar and wind generation at

a specific date and time. ENTSO-E analyses the effect on system adequacy of climate

L TEIAS, the Turkish transmission system operator, is an ENTSO-E observer member.

2 The designation Kosovo* is without prejudice to positions on status and is in line with UNSCR 1244 and the

ICJ Opinion on the Kosovo Declaration of Independence.



conditions, evolution of demand, demand management, evolution of generation capacities,

and planned and forced outages.

Furthermore, in the Seasonal Outlook, an assessment of ‘downward regulation’® issues is
performed. Downward regulation is a technical term used when analysing the influence on the
security of a power system when there is excess generation. Such excess typically occurs
when the wind is blowing at night, but demand is low, or when the wind and sun generation is

high, but demand is comparatively low, such as on a sunny Sunday.

The Seasonal Outlook analyses are performed first at the country level and then at the
pan-European level, examining how neighbouring countries can contribute to the power
balance of a power system under strain. Additional probabilistic analyses are performed for

countries where a system adequacy risk has been identified.

The calculations for this Summer Outlook were performed for each week between 27 May
2019 and 30 September 2019. The Winter Review examines the system adequacy issues
registered between 28 November 2018 and 31 March 2019.

The aim of publishing this forecast is two-fold:

e To gather information from each TSO and share it within the community. This enables
neighbouring TSOs to consider actions to support a system that may be at risk.
Moreover, all TSOs share with one another the remedial actions they intend to take
within their control areas. This information sharing contributes to increased security of
supply and encourages cross-border cooperation.

e To inform stakeholders of potential risks to system adequacy. The goal is to raise
awareness and incentivise stakeholders to adapt their actions towards a reduction of
those risks by, for instance, reviewing the maintenance schedules of power plants, the

postponement of decommissioning and other risk preparedness actions.

If, after the final edition for publication of this Seasonal Outlook, an unexpected event takes
place in Europe with a potential effect on the system adequacy, ENTSO-E cannot redo the
whole modelling exercise or publish a full, updated version of the Outlook. Analyses
considering all the latest events are performed on a weekly basis within the week ahead
adequacy experimentation, which is a setup between TSOs and regional security coordinators
(RSCs).

ENTSO-E’s seasonal outlooks are one of the association’s legal mandates under Article 8 of
EC Regulation no. 714/2009.

3 Assessment of potential generation excess under minimum demand conditions, cf. Appendix 2:



2.2 The European Generation Landscape

A pan-European generation capacity analysis reveals generation capacity expansion
acceleration. Renewable Energy Sources’ (RES) capacity expansion slightly increases, while
some conventional capacity expansion is recorded after shrinking last year. Nevertheless, coal

generation capacity continues to decrease in the European power system.
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Figure 1: Evolution of net generating capacity per technology.
In the map given in Figure 2, net generation capacities (NGC) are displayed in absolute values
(GW) for each study region. To ease comparison at the Pan-European level, a ratio of net
generation capacity to expected highest demand (under normal conditions) in a respective
region at a Pan-European synchronous peak hour has been derived. Countries are coloured

according to this ratio; countries with a higher ratio appear in darker colour shades.
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Figure 2: Net generating capacities (in GW) and colour according to their ratio to expected national peak

demand in the winter season.



3 Summer outlook 2019 — Upward Adequacy

The term ‘adequacy’ means the ability of a system to cover its demand. The current Seasonal
Outlook adequacy assessment consists of analysing the ability of available resources in the
market (generation, availability of imports, storage and demand side response [DSR]) to meet
the demand by calculating the ‘remaining capacity’ (RC) under normal conditions and severe

conditions.

3.1 How to Read the Results

Results in figures displaying maps in Section 3 present reliably available generation capacity
capability to supply peak load in the coming season under study (normal or severe condition).
If reliably available capacity (RAC) in the country is sufficient to supply expected demand
throughout the whole season, the country is coloured green. Otherwise, the country is

coloured purple (even if it faces issues in only one reference point of the study period).

Later in this outlook, there are tables displaying the results of simulations considering import
and export capabilities on a weekly basis. The country cell in a specific week is coloured green
if it has excess RAC to meet demand. Countries that are fully coloured purple can cover their
deficit with imports in the event of a lack of national resources. A partial orange fill has been
used for countries that cannot fully cover their deficit by imports due to insufficient cross-border
capacities or lack of resources in the power system. The portion of the cell that is coloured in
orange reflects the portion of the deficit that cannot be covered with imports: the ratio of
unsupplied demand after consideration of import potential to missing resources if the country

was isolated.

In addition, a simplified merit-order approach? is considered. Countries in specific weeks that
do not require imports from an adequacy perspective, but could import from a market

perspective, are coloured in light blue.

4 The merit-order approach is only based on assumptions (Appendix 2:). It may not represent real market

situations.



How to read the results

Country is capable of supplying
demand throughout
the season

Country needs imports
at least 1 week in season
to supply demand

Example

Weekly results table

| National generation is sufficient to supply
national demand

__| National generation is sufficient to supply
national demand, but cheaper generation
is available abroad

[ National generation is insufficient to supply
national demand — need for imports

[l National generation and imports are
insufficient to supply national demand

Ratio of fill represents unsupplied demand by imports

Week |48|49|s0/s1[s2|1[2]3|a]s]6|7]8]9[10]11]12]13
A
B [

3.2 Adequacy Under Normal Conditions

Under normal conditions, generation capacities and available market-based DSR are

sufficient to supply demand in all of Europe throughout the coming season, with only some

countries requiring an import contribution.

No need for energy import _ Imports needed at least one week
Figure 3: Adequacy under normal condition.

Further insight is provided in Table 1 presenting results in weekly resolution — no adequacy

risks are identified during the coming season at Pan-European synchronous peak time
(19:00 CEST). Albania, Hungary, Central-Northern Italy (IT0O2) and Lithuania depend on

imports throughout the coming season.
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Table 1: Adequacy at synchronous peak time under normal conditions.

See Section 3.1 for details on how to read the results

Country self-sufficient and prone to export from market perspective
Country self-sufficient but prone to import from market perspective
Country required to import from an adequacy perspective

Part of deficit cannot be convered with imports

Week ]22]23]24]|25]26|27(28(29(30(31(32(33(34(35|36|37|38|39
AL
AT

BA

BE

BG

CH

CY

CZ

DE

DK

EE

ES

Fl

FR

GB

GR

HR
HU
13

1ITO1
1T02
1TO3
1T04

ITO5

1IT06
LT
LU

LV

ME

MK

MT

NI

NL

NO

PL

PT

RO

RS

SE

SK

TR

UA_W
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3.3 Adequacy Under Severe Conditions

Since the January 2017 cold wave and outcomes of its dedicated report,® ENTSO-E has been
assessing more severe situations. Firstly, all of Europe is assumed to undergo a 1 in 20 years
simultaneous set of extreme weather conditions — a cold wave in winter and heat wave in
summer. Secondly, all Europe is assumed to experience overall very low wind and solar
irradiance conditions (Percentile P5, cf. Appendix 2:3.1). This Summer Outlook uses the same
approach; hence, severe conditions could be seen as a deterministic stress test for Europe’s
electricity system. In the future, implementation of a probabilistic approach for Seasonal
Outlook with hourly resolution will improve the accuracy for assessing the global probability of

adequacy issue, with both temporal and spatial correlation.

Results in Figure 4 suggest that under severe conditions, more countries would need imports
to ensure adequacy compared to normal conditions. This is the result of a combination of two
factors. First, higher demand due to a heat-wave. Second, lower generation availability due to

increased outages and lower renewable generation.

%

%

L)
I~
e e
| I *;"
~
No need for energy import _ Imports needed at least one week
Figure 4: Adequacy under severe conditions.
Results on a weekly basis presented in Table 2 indicate that no adequacy risk is identified for
the coming season at pan-European synchronous peak time (19:00 CEST). However,
Albania, Croatia, Hungary, Central-Northern Italy (IT02) and Lithuania would rely on imports
under severe conditions throughout the coming season. Moreover, Austria, Belgium and

Central-Southern Italy (ITO3) would need to rely on imports in the coming season under severe

SManaging Critical Grid Situations — Success & Challenges
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conditions with only some weeks being the exception. Nevertheless, resource availability in

Europe is expected to ensure adequacy throughout the coming season.

Table 2: Adequacy at synchronous peak time under severe conditions.

Country self-sufficient and prone to export from market perspective
Country self-sufficient but prone to import from market perspective
Country required to import from an adequacy perspective

Part of deficit cannot be convered with imports

IT01
IT02
IT03
IT04
IT05
IT06

LT
LU
LV
ME
MK
MT
NI
NL
NO
PL
PT
RO
RS
SE
S| L
SK =

TR
UA_W

See Section 3.1 for details on how to read the results
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3.4 Probabilistic Sensitivity Analysis

No adequacy risk has been identified even under severe conditions in any of the studied
countries, however, adequacy in summer is typically a concern in ltaly. Therefore, a
probabilistic analysis has been performed for week 30, identified as the most constraining in

2019 for Italy, to assess if there are any particular circumstances that raise an adequacy risk.

Figure 5 incorporates the results of all bidding zones in a single graph. It suggests that
generation capacities and market based DSR in Italy would be sufficient to ensure supply of
demand in most of the cases. A combination of high temperature with low wind and
photovoltaic (PV) generation may lead to the need for energy import; however, available
resources abroad and interconnection availability would be sufficient to ensure adequacy in

Italy on a country level.

30
28
26

24

Daily Temperature, °C

22

20
0 1000 2000 3000 4000 5000 6000 7000 8000

Wind and PV Infeed, MW

® No import needed ® No deficit afterimport @ Deficit after import

Figure 5: Probabilistic sensitivity analysis —week 30 in Italy

Despite the fact thatimports from neighbouring countries would be required only in very limited
cases, congestions of interconnections between southern and northern Italy can be the reason
for additional import necessity from abroad in additional cases. In Figure 6, probabilistic results
for the area composed of Northern Italy (ITO1) and Central-Northern Italy (IT02) bidding zones
are shown. These results suggest that the adequacy situation in this area is linked to

temperature and RES generation:

e area of ITO1 and ITO2 requires imports from neighbouring Italy bidding zones when
average daily temperature reaches 24°C. The lower the RES generation is, the more
likely it is that imports will be needed. Nevertheless, imports available from the
southern part of Italy are expected to be sufficient to cope with these situations;

e area requires additional imports from neighbouring countries when average daily

temperature exceeds the 27°C threshold and RES generation is low.

14
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Daily Temperature, °C
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20
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® No import needed @ Import needed form other bidding zones @ Import needed from other countries

Figure 6: Probabilistic sensitivity analysis —week 30 in Italy (ITO1 and IT02)

Further on, results for each bidding zone in Italy are summarised in Figure 7. This indicates
that no adequacy risk is expected in any of the bidding zones in Italy in week 30, 2019 and

represents the importance of interconnection availability for each bidding zone.

100%
75%
50%
25%

0%

ITO1 IT02 ITO3 IT04 ITOS ITO6

m Noneedtoimport  ® No deficit afterimport  m Deficit after import

Figure 7: Probabilistic sensitivity analysis —week 30 in Italy (ITO1 and IT02)
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4 Summer outlook 2019 — Downward Regulation

The probability of encountering an excess of inflexible generation grows with the increasing
variable renewable generation and decreasing dispatchable generation in Europe (cf. Figure
1). Possible wind or PV curtailment could be required at some low demand hours to keep the
system stable when market participants (e.g. storage operators and active consumers) cannot

consume any more energy or interconnectors are congested.

The downward regulation margins are assessed for, respectively, windy Sunday nights (very
low demand and high wind) and Sunday daytime with high PV and wind generation. Variable
generation values have been chosen as 95" percentile values of data samples taken from the
PECD (cf. Appendix 2:).

The results in Table 3 and Table 4 should not be read as a representation of forecasted
summer curtailment. They only indicate a potential risk in the event of very high wind and PV
generation; and very low demand in all of Europe at the same time at a given day.
Furthermore, wind and PV generation curtailment should not be perceived as a negative
action. The practice of it enables the integration of high rates of renewable generation in the
power system and also indicates business opportunities for emerging technologies such as
batteries and DSR.

4.1 How to Read the Results

Results in figures displaying maps within Section 4 present the off-peak demand capability to
absorb energy from inflexible and variable generation. Countries are coloured green if the
expected demand at the reference point is sufficient to absorb all energy from variable and
inflexible generation throughout the whole season. Countries are coloured purple if the
generation surpasses the expected demand, meaning the country needs to export excess

energy for at least 1 week in season.

Later in this outlook, the results of simulations considering import and export capabilities on a
weekly basis are displayed in tables. The country cell in a specific week is coloured green if
demand is sufficient to absorb all energy from inflexible and variable generation. Country cells
coloured purple in a specific week have a surplus of energy that can be exported abroad.
However, if the possibility to export energy surplus is insufficient (due to interconnection
constraints or downward regulation issues in the neighbouring country), the cell is partially
coloured orange. The ratio of orange fill represents which part of the generation surplus has
to be curtailed; the generation capacity to be curtailed is divided by the sum of inflexible and

variable generation, which is subtracted by demand.

16



How to read results

Weekly results table

Country is capable of absorbing ] Demandis sufficient to absorb
energy from inflexible and Inflexible and variable generation

variable generation throughout
the season

Country needs to export excess I National demand is insufficient to absorb
. . inflexible and variable generation — need to
generation at least 1 week in export
season [l National demand and exports are
insufficient to absorb inflexible and variable
generation
Ratio of fill represents ratio of excess power to be curtailed
Week ¢84950‘5]|5212545578910111213

Example A

B

4.2 Daytime Downward Regulation

The results displayed in Figure 8 confirm that demand is sufficient to absorb the energy
generated from variable and inflexible generation in most of Europe throughout the summer

season.

i o

No need for energy export _ Exports needed at least one week
Figure 8: Daytime national downward regulation adequacy.
The weekly results in Table 3 indicate that there are more countries which would be able to
export an excess of variable and inflexible energy than countries which would need to curtail
some of the excess electricity. This is more likely to happen at the beginning and end of
season. This is a result of lower demand (e.g. cooling) due to lower temperatures at the
beginning and end of season.

17



Table 3: Daytime downward regulation adequacy.

No generation excess (no need to export)
Excess can be exported
Part of excess cannot be exported

Week [22]23|24]25]|26|27(28|29[30]31|32(33(34|35]36|37[38]39
AL
AT
BA
BE
BG
CH
cyY
cz
DE
DK
EE
ES
Fl
FR
GB
GR
HR
HU
IE
IT01
1702
IT03
IT04
IT05
IT06
LT
LU
LV
ME
MK
MT
NI
NL
NO
PL
PT
RO
RS
SE
Sl
SK
TR

UA W

See Section 4.1 for details on how to read the results

4.3 Night-time Downward Regulation

The night-time downward regulation adequacy corresponds to Sunday early morning (5:00
CEST). Curtailment mostly relates to wind generation, as no PV generation is expected at that
time. The results presented in Figure 9 show that all countries exposed to a possible excess
of energy during daytime would have excess during night-time as well. However, one of the

18



bidding zones in Italy (Central-Northern Italy, ITO2) is an exception. Some additional countries

would need to export an excess of electricity as well: Bulgaria, Czech Republic and Poland.

PR
JS‘
AR
' 3

No need for energy export _ Exports needed at least one week
Figure 9: Night-time national downward regulation adequacy.

The weekly results in Table 4 suggest that most of the countries would have the capability to
export energy throughout the season, though some excess electricity curtailment could be

required in Ireland and Northern Ireland.

19



See Section 4.1 for details on how to read the results

Table 4: Night-time downward regulation adequacy.

No generation excess (no heed to export)
Excess can be exported
Part of excess cannot be exported

Week
AL
AT
BA
BE
BG
CH
CcY
Ccz

DE
DK
EE
ES
Fl
FR
GB
GR
HR
HU
IE
IT01
1702
IT03
IT04
IT05
IT06
LT
LU
LV
ME
MK
MT
NI
NL
NO
PL
PT
RO
RS
SE
Sl
SK
TR
UA W

22123(24|25|26(27|28(29(30|31{32|33|34|35|36|37(38|39
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5 Overview of Hydro Reservoir Levels

This chapter presents an overview of the current reservoir levels in major hydro-generating
countries, complementing the system adequacy study presented in this report. Hydro
generation is considered in the adequacy analysis, yet only through a deterministic approach
considering power availability at one synchronous peak time in week. The information
presented in this section aims to provide additional qualitative insight into energy rather than
power; the current reservoir levels and their evolution this year compared to historical levels.

This may highlight additional potential risks.

Reservoir levels in the first half of 2019 remain around historical average levels across Europe.
Italy reservoir levels are recovering since beginning of year when it was historically low. Snow
levels in mountains suggest that hydrological conditions in Italy should be normal in summer
2019. Reservoir levels in France dropped in January and February due to tight supply margins
in the region and settling between historical minimum and average levels in March. Meanwhile,
reservoir levels in Switzerland have climbed above historical average levels since the
beginning of 2019 as a result of high precipitation combined with mild and sunny days in winter
2018/2019. On a pan-European scale, reservoir levels are considered to be on average, with

some reservoir levels in some countries deviating slightly from average.

More specifically, the cases of Italy, France, Spain, Switzerland, Austria and Norway are

presented below, followed by the corresponding graphs.

In ltaly, the reservoir levels slightly recovered after reaching historically low levels at the
beginning of 2019. High amounts of snow suggest that hydrological conditions this summer

should be normal.
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Figure 10: Reservoir levels in Italy.®

6 Based on data published by Terna
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http://www.terna.it/it-it/sistemaelettrico/dispacciamento/datiesercizio/rapportomensile.aspx

In France, the reservoir levels are well above last year’s levels, though remaining below

historical average levels. In the beginning of 2019, reservoir levels were approaching the

reservoir levels of 2018, which were characterised by low reservoir levels. However in March

it detached, settling in between historical average and historical minimum levels (recorded
2018).
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Figure 11: Reservoir levels in France.”

Hydro reservoir levels in Spain have remained around average for the last few months,

however ending slightly below historical average levels in 2019.
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Figure 12: Reservoir levels in Spain.®

Reservoir levels in Switzerland are above the historical average. In the second half of 2018,

reservoir levels were close to the historical average. Since December 2018, reservoir levels

have shown a positive trend and from then until March they have remained in between the

historical average and historical maximum values.

" Based on data published by RTE

8 Based on data published by REE
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http://clients.rte-france.com/lang/an/visiteurs/vie/prod/stock_hydraulique.jsp
http://www.ree.es/en/statistical-data-of-spanish-electrical-system/statistical-series/national-statistical-series
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Figure 13: Reservoir levels in Switzerland.®

Austria's reservoirs levels are in between the historical minimum and maximum values. They

remain rather steady compared to the pronounced downward trend recorded in 2018.
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Figure 14: Reservoir levels in Austria.?

Hydro reservoir levels in Norway reached levels close to the historical average in October

2018 and remained so until March. Reservoir levels at the beginning of 2019 were close to

the levels recorded in 2018.

9 Swiss Federal Office of Energy (BFE)

10 Regulator for electricity and gas markets in Austria (E-control). The statistical data also considers the

reservoir level of the ‘Obere-Ill Liinersee’ unit, which is assigned to the German transmission grid operator
‘TransnetBW".
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https://www.bfe.admin.ch/bfe/en/home/supply/statistics-and-geodata/energy-statistics/electricity-statistics.html
https://www.e-control.at/en/statistik/strom/betriebsstatistik
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Figure 15: Reservoir levels in Norway.*

11 Norwegian Water Resources and Energy Directorate (NVE).
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http://vannmagasinfylling.nve.no/Default.aspx?ViewType=AllYearsTable&Omr=NO

6 Winter 2018/2019 review

The winter review is based on the qualitative information submitted by ENTSO-E TSOs in
April 2019 to represent the most important events that occurred during winter 2018/2019 and
to compare them to the study results reported in the previous Seasonal Outlook. Important or
unusual events or conditions in the power system and the remedial actions taken by the TSOs

are also mentioned. A detailed winter review by country is shown in Appendix 1:.

6.1 General Comments on the Past Winter Climate

Last winter was generally mild, with above average temperatures throughout most of the
season. January was the exception, with slightly below average temperatures and a
concentration of most of the severe weather occurrences. The eastern part of Europe
experienced higher than average snow, as well as the Alps region, and the season was dryer
than usual in the Balkans. Furthermore, some storms affected transmission system

availability.

January 2019
Y </
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Figure 16: Surface air temperature anomaly in winter 2018/2019 relative to the average for the period
1981-2010.12

12 Copernicus Climate Change Service—Surface air temperature maps
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https://climate.copernicus.eu/surface-air-temperature-maps

6.2 Specific Events and Unexpected Situations During the Past
Winter

This mild winter has helped ease adequacy conditions throughout Europe, but some storms

still had impacts on the electricity system, and several local events were monitored:

An adequacy risk for winter 2018/2019 in Belgium was recognised after nuclear
maintenance delays were announced in autumn 2018. 750 MW of additional
measures were found by a task force led by the Federal Minister of Energy.
Furthermore, coordination with neighbouring TSOs was enhanced to maximise
import capability (under flow-based market coupling). The adequacy situation was
finally relieved after the return of Doel 4 (1 GW in mid—December) and Tihange 3
(1 GW in early-January); however still requiring careful monitoring;

Heavy snowstorms in late January 2019 caused roadblocks and power disruption in
the southern mountainous parts of Bulgaria. A temporary solution with diesel
generators was provided while restoring access to the power system;

Coal supply to the power plants via the Rhine river was impeded. The main reason
for this was low water levels in the Rhine river and limited capability to deliver coal
by railroads. Coal stocks in power plants recovered during Christmas and the New
Year holiday period, when water levels rose and electricity demand decreased due
to holidays;

A storm in late October—early November damaged the 220 kV Avise-Riddes tie-line
between Italy and Switzerland. Line operation was restored on 1 December. The
same storm also affected two 380 kV lines in the Albula pass (Switzerland) and the
internal grid in northern ltaly. Transfer capacity decreased between lItaly and
Switzerland, but did not pose any adequacy risk;

In Sweden, several storms occurred which caused some local power shortages;

In Sweden, Oskarshamn 3 nuclear reactor generation capacity availability dropped
from 1400 MW to 450 MW on 23 January. A strategic reserve activation time
reduction notification was issued as a response. Oskarshamn 3 returned to normal
operations the following day. No strategic reserve generation was ultimately

required;

26



e Energy balance issues in Kosovo*!3, which operates within the Serbian control area,
are persisting and creating frequency deviations. However, Continental Europe

TSOs are taking action to maintain deviations within limits.

13 Kosovo (*)-This designation is without prejudice to positions on status, and is in line with UNSCR

1244/1999 and the ICJ opinion on the Kosovo declaration of independence.
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Appendices
Appendix 1: Individual Country Comments on the Winter

Outlook and Summer Reviews

Albania: Summer outlook 2019

Potential critical periods and foreseen countermeasures

No adequacy or downward regulation issues are expected for the coming season.
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Demand and generation availability: Albania
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Albania: Winter review 2018/2019

System adequacy was not endangered in winter 2018/2019.

Demand was slightly lower compared to previous years, since temperatures were above
average. However, a dry winter was recorded in Albania and system adequacy was mainly
fulfilled by firm import contracts arranged by the DSO. No deviations from system operational

standards were recorded.
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In recent years, there has been an increase in installed generation capacity and, at the same
time, a small decrease in country consumption. Consequently, Albania’s dependency on
imports slightly fell, but weather conditions are still a determinant factor for import needs. The

network maintenance was optimised to ensure sufficient import capacities.
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Austria: Summer outlook 2019

Potential critical periods and foreseen countermeasures
No adequacy or downward regulation issues are expected for the coming season.

For the summer 2019, APG (Austrian TSO) assumed an 0.56% demand increase compared
to summer 2018. The tool “Trapunta” was used to estimate the demand for the Summer
Outlook 2019. The tool estimated demand profiles given weather conditions of the last 36
climate years (1981-2016). The mean values were taken for demand under normal conditions,

whereas the 95" percentile values were taken for demand under severe conditions.

Concerning the NGC, it is worth mentioning that the net generating capacities of the
“Kraftwerksgruppe Obere |lll-LUnersee” (turbine: 2.1 GW; pumping: 1.4 GW) and of
“Kuhtai/Silz” (turbine: 0.8 GW; pumping: 0.25 GW) are assigned to the German control block

and thus are not considered for Austria.

The reliable available power of pumped storage powerplants (PSPs) was calculated
considering the statistical data of generated energy by Austrian Pumped Storage Power Plants
(PSPs) in a normal year and in a dry year (normal and severe conditions respectively). These
energies were divided by 60 h for each week in order to account for the energy constraints of
this type of power plant, seasonal inflows and the sustainable exploitation of a PSP. This
approach assumes that the plants only generate during peak time (Mo.—Fr. 8:00— 20:00),

which leads to a time frame of 60 h/week of generation.
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Demand and generation availability: Austria
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Austria: Winter review 2018/2019

No adequacy or downward regulation issues were identified during the past season.
General comments on past winter conditions

Temperatures in winter 2018/2019 (December, January, February) were significantly above

the average. In the lowland areas—where the majority of the Austrian population lives—it was
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warmest in the last 15 winters (1.2°C above the average); and in the mountain regions it was
average.

High precipitation of snow (50-200 % above the average) was recorded in the northern Alps

region. However, precipitation levels were one of the historically lowest in the southern Alps
region.
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Belgium: Summer outlook 2019

Potential critical periods and foreseen countermeasures

In Belgium, the maintenance profile is reasonable for the season, with no overlap of nuclear
maintenance. Import needs stay below 1.8 GW in September under severe conditions. A low
risk of structural shortage in Belgium is expected for the period covered in this Outlook Report,
since import need does not exceed annual NTC value with all interconnected countries

operating in the same synchronous area.

Increasing volumes of installed wind and PV combined with the high availability of nuclear
park, as well as the maintenance of basin | of Coo (450 MW of pumping capacity unavailable
from end of July until mid-October), leads to relatively high export needs for Belgium during

most of the summer.

In the event of normal wind and solar conditions (50" percentile) the excess energy could be
expected only during weekends and the holiday periods. On these occasions, the export

capacities should be sufficient.

In the event of high wind and solar conditions (95" percentile) the excess energy increases.
In most cases, the export capacity should be sufficient, however in some specific cases
(mainly during the holiday period and in the afternoon) additional measures may be necessary
(for example modulation on nuclear units, optimisation of export capacity). These additional
measures (before curtailing the output of renewable energy sources) are not included in the

data collection.
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Demand and generation availability: Belgium
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Belgium: Winter review 2018/2019

The Belgian control area expected considerable adequacy issues during the second half of

2018, when half of the nuclear units unexpected outages (Doell, Doel2, Tihange2 and

Tihange3) on top of those that were already planned (Doel4, Tihangel). This had never been

seen before in Belgium, causing a 3000 MW capacity shortfall until mid-December (i.e. 25%

of total installed dispatchable generation capacity in Belgium). In November, only 1 out of 7

nuclear plants were operational and in December, 4 were still out of service. To deal with the
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crisis, Elia actively participated in a taskforce that was led by the Ministry of Energy, and ran
a weekly operational process reviewing the outlook for the upcoming week. Thanks to
international support, reshuffled maintenance interventions and market efforts to find
additional capacity (+750 MW), security of supply was maintained, despite the critical

situation.

On an international level, Elia put a new procedure of “request for coordination” in practice to
ensure that the Flow-Based market coupling would work according to the defined rules in case

of adequacy problems.

These combined exceptional actions helped Elia pass through the winter with unprecedented

import levels up to 5300 MW.

By end of January, it was clear that sufficient generation had returned to the system.
Furthermore, Nemo cable with Great Britain started operations, and adequacy issues were
deemed to be resolved.
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Bosnia and Herzegovina: Summer outlook 2019

Potential critical periods and foreseen countermeasures

No adequacy or downward regulation issues are expected in Boshia and Herzegovina for the

upcoming summer. No increase of demand is expected.
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Bosnia and Herzegovina: Winter review 2018/2019

In winter 2018/2019 there were no significant unusual events in the electric power system of
Bosnia and Herzegovina. A maximum hourly consumption of 1994 MW was registered on
18 December at 18:00. Total electricity consumption was similar to that of winter 2017/2018,

but significantly lower than winter 2016/2017 because of more favourable weather conditions.
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Bulgaria: Summer outlook 2019

Potential critical periods and foreseen countermeasures

As usual, no adequacy or downward regulation issues are expected in Bulgaria for the coming

season.
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Bulgaria: Winter review 2018/2019

Heavy snowstorms in late January 2019 caused roadblocks and power disruption in the
southern mountainous parts of Bulgaria, and a number of small towns and villages. Many
power lines, both in distribution and transmission grids, were torn and disconnected. TSO and
DSO emergency teams provided a temporary solution with diesel generators in some isolated

regions while working intensively to restore connection to the power system.
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Burshtyn Island: Summer outlook 2019

Potential critical periods and foreseen countermeasures

No adequacy or downward regulation issues are expected for the coming season.
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Burshtyn Island: Winter review 2018/2019

No adequacy or downward regulation issues were identified during the past season.
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Croatia: Summer outlook 2019

Potential critical periods and foreseen countermeasures

No adequacy or downward regulation issues are expected for the coming season.
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Croatia: Winter review 2018/2019

Winter 2018/2019 in Croatia was rather mild, however, there was little precipitation. The
highest demand reached 2783 MW, recorded on 19 December 2018 at 18:00 (local time).

Average demand-2064 MW-was 1.6% lower than in winter 2017/2018. Imports supplied
between 30% and 60% of demand.

Hydro power plant generation recovered only from the beginning of February 2019. Since
then, some periods have been recorded in which Croatia was a net exporter.

No adequacy or downward regulation issues were identified during the past season.
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Cyprus: Summer outlook 2019

Potential critical periods and foreseen countermeasures

No adequacy or downward regulation issues are expected for the coming season.
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Cyprus: Winter review 2018/2019

No adequacy or downward regulation issues were identified during the past season.
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Czech Republic: Summer outlook 2019

Potential critical periods and foreseen countermeasures

No adequacy or downward regulation issues are expected for the coming season.
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Czech Republic: Winter review 2018/2019

No adequacy or downward regulation issues were identified during the past season.
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Denmark: Summer outlook 2019

Energinet (TSO in Denmark) expects no risk for system adequacy. Some maintenance is
planned on power plants and some grid elements that affect the capacity but should not pose
any risk for system adequacy under normal conditions. Under severe conditions, some import

may be required.
Potential critical periods and foreseen countermeasures

The adequacy in both Danish bidding zones—Western Denmark (DK1) and Eastern Denmark

(DK?2) —is expected to be ensured in summer 2019.

In DK1 there will be work on 400 kV lines which connects this bidding zone with Germany
(DK1-DE). This will result in some restriction (need for countertrade) on the border connection.
Further on, some maintenance is planned on some of the 400 kV lines in DK2. This
maintenance will limit cross—border capacity between Denmark and Sweden (DK2-SE4). No

impact on the adequacy is expected.

In autumn 2019, the Cobra and the Kriegers Flak connections will commence operation. The
Cobra connection is a new border connection between Denmark and the Netherlands (DK1-
NL). Kriegers Flak is a combined border connection and offshore wind farm. Kriegers Flak is
a connection between Denmark (DK2) and Germany (German TSO 50Hertz). Therefore, the

trading capacity will increase between these two areas going forward.

Energinet expects a large amount of countertrade. The common agreement signed 1 January
2019 between TenneT Germany (TSO in Germany, TTG) and Energinet, which increases
guaranteed cross—border capacity in the market from 900 MW to 1000 MW, is expected to
cause an increase of countertrades. Energinet expects to down-regulate the countertraded
amount in DK1 and/or DK2. Furthermore, guaranteed cross-border capacity will increase to
1300 MW if the transmission system in Denmark is capable of accommodating such

exchanges.
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Denmark: Winter review 2018/2019

Winter 2018/2019 provided rather favourable conditions for wind production in Denmark,

which amounted to a total of 5289 GWh in November, December, January and February (c.f.
5266 GWh in winter 2017/2018). Wind production is typically much higher during the winter

than during the summer due to the general weather conditions.

In general, the high level of wind production during the winter months increases the number

of hours with negative prices on the day—ahead electricity market. Thus, negative prices were
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recorded in 66 hours in DK1 and in 63 hours in Eastern Denmark DK2 during the
winter 2018-2019. This is a small increase compared to winter 2017/2018 when electricity
prices were negative for 52 hours in Western Denmark (DK1) and 48 hours in Eastern
Denmark (DK2).

There have only been minor changes to average transmission capacities in winter 2018/2019
compared to winter 2017/2018. Most notably, the average export capacity from Western
Denmark to Germany (DK1->DE) has increased from 46.5% to 56.6% of the NTC. A “Joint
declaration” between Denmark and Germany ensured this increase in day-ahead capacity.
However, much of the available capacity provided by the joint declaration is subsequently

countertraded by use of special regulations.

Moreover, the average export and import transmission capacity from Eastern Denmark to
Sweden (DK2->SE4) was slightly higher than winter 2017/2018, whereas the export and
import transmission capacity from Western Denmark to Norway (DK1->NO2) was slightly
lower. The difference in average transmission capacity compared to winter 2017/2018 was
mainly due to higher maintenance works on the DK1-NO2 connection and lower maintenance

works on the DK2—-SE4 connection.

Despite the favourable conditions for wind production, winter 2018/2019 was characterised by
high average prices on the day-ahead electricity market compared to the two previous winter
seasons. Usually, long—term price movements may be attributed to underlying factors such as
the demand for coal and the supply of carbon emission allowances or changes in market
characteristics. Recently, the price on carbon emission allowances has increased, which may

be a significant driver for the increase in the average electricity price.
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Estonia: Summer outlook 2019

Potential critical periods and foreseen countermeasures

No adequacy or downward regulation issues are expected for the coming season.

Demand and generation availability: Estonia
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Estonia: Winter review 2018/2019

No adequacy or downward regulation issues were identified during the past season.
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Finland: Summer outlook 2019

Typically, summer peak demand in Finland is 60% to 70% of the winter peak demand and
therefore summer is not as critical from the adequacy perspective as winter. However, summer
is a high season for power plant maintenance and overhauls and that is why there is less
generation capacity available in the summer than in winter. In addition, there is some

maintenance on interconnections during the summer season.

Nevertheless, demand can be met with available generation capacity and there is also a high
level of import capacity available.

No adequacy or downward regulation issues are expected for the coming season.
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Demand and generation availability: Finland
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Finland: Winter review 2018/2019

No adequacy or downward regulation issues were identified during the winter 2018/2019 in

Finland.

Peak demand reached 14.5 GWh in late January 2019. It was slightly higher than

winter 2017/2018, when temperatures dropped below the historical average.
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France: Summer outlook 2019

Potential critical periods and foreseen countermeasures

The most constraining period for severe conditions is week 30, when there is a high level of
nuclear maintenance. A heatwave this week might result in a combination of increased
demand and further constrained nuclear generation availability (due to environmental
constraints for use of cooling water). Nevertheless, national generation margins should remain

positive during the summer, with no need to import power for adequacy reasons.

The most critical period for downward regulation is from the end of August until end of
September, due to numerous nuclear power plants that must run close to their maximum
power. Up to 6 GW of exports might be needed, which is compliant with typical exportable
capacity of 14 GW. In case of an excess of power in France, some nuclear power plants might
be requested to completely stop generation. These situations are especially likely during low

consumption periods, like weekends. Nevertheless, this situation is typical for every summer.
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Demand and generation availability: France
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France: Winter review 2018/2019

General comments on past winter conditions

Despite a season—consistent January, the winter 2018/2019 ranks among the 10 warmest
winters since the beginning of the 20™ century. The average temperature was 2°C above
normal in December and February. Despite some very cool periods—especially in January—

France has not experienced a real cold spell this winter.
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The French balance of exchanges stayed globally oriented to export during most of the winter
and there were no adequacy issues to be reported.

Specific events and unexpected situations that occurred during the past winter

No specific events or unexpected situations of note for the past winter
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Germany: Summer outlook 2019

The German TSOs do not expect significant problems with the generation-demand balance
for the coming summer considering the technical availability of power plants. The German
demand can be covered with the available capacity even under severe conditions. Therefore,

Germany is not expected to be dependent on imports to maintain adequacy.

The pumped-storage power plants (PSPs) of the “Kraftwerksgruppe Obere lll-Linersee”
(turbine: 2.1 GW; pumping: 1.4 GW), which are installed in Austria but assigned to the German
control block, are again considered by the German TSOs and included in the German dataset.
For the same reason, the pumped-storage power plant Kiihtai and storage power plant Silz

(total turbine: 0.8 GW; total pumping: 0.25 GW) are also included in the German dataset.
Potential critical periods and foreseen countermeasures

A heat wave (longer hot and dry period) could constrain power plant availability because of
problems with the cooling water supply and high water temperature or fuel transporting

problems due to low river levels.

Extensive conventional power plant unavailability abroad can also have effects on the situation

in Germany.
No critical periods for maintaining adequacy are expected.

Potentially, the increasing PV generation could lead to high power flows in the German
transmission system. In addition, a situation with high wind generation in the north of Germany

and a low PV generation in the south could cause high power flows.

In addition, the time around Whitsunday could be critical concerning voltage problems in case
of low demand, no PV generation in the south of Germany but a moderate generation of wind
energy. In addition to market-based redispatch, grid reserve power plants could also be used
to mitigate voltage problems, which can occur during revisions of other power plants. In
periods with high renewable generation and low (regional) demand, high power flows on
interconnections are expected. Situations might occur in which regional infeed management

is necessary to solve overload problems. Nevertheless, no critical situations are expected.
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Demand and generation availability: Germany
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Germany: Winter review 2018/2019

According to the German Weather Forecast Service (Deutscher Wetterdienst, DWD),
December 2018 in Germany was generally comparatively mild, with significantly high
precipitation and very little sun compared to average values. Temperatures were colder in
January, however milder compared to average values, with precipitation above average. In

Alpine regions, extraordinary heavy snowfall occurred, lasting over several days.
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In winter 2018/2019 there were events concerning system adequacy. Due to the very dry
summer in Germany, the water levels in the river Rhine were very low, limiting hard coal
transportation. In the last quarter of 2018, the ship transportation of hard coal was impossible
for several weeks. Alternative transportation by railroad was not sufficient. Freight trains could
deliver only 50% of the requested freights for several weeks. Due to this lack of transportation
capacity of Deutsche Bahn (German railway operator), alternative suppliers had to be
engaged. TransnetBW ordered hard coal deliveries via freight train from Poland. A creation of
a stockpile of hard coal was reserved for redispatching in the harbour of Karlsruhe. High hard
coal supply was needed due to the high non-availability of nuclear power plants in Belgium,
which led to attractive market prices for hard coal power plants. The coal stock of the power
plants in Baden-Wirttemberg dwindled rapidly and recovered only at the end of 2018 when
Rhine water levels rose and electricity demand was low during the Christmas and New Year

holiday period.

This situation had no impact on adequacy. In case of longer draught there would have been a

significant risk of:

¢ Non-availability of the hard coal power plants
e Increased import need of the TransnetBW control area
e Overloading of grid elements due to high imports and the non-availability of

redispatching
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Great Britain: Summer outlook 2019

Most critical periods for maintaining adequacy margins and countermeasures

Our analysis uses two demand definitions; a normal condition that is based on 30 years’

historical weather data, and a severe condition which is normal condition plus an additional
1500 MW of demand.

For normal conditions, peak demand during the summer is anticipated to be 37.6 GW on
25 September 2019 (week 39).

These are the interconnector maintenance works planned for summer 2019:

¢ Interconnector France-Angleterre (IFA) between 4 June and 6 June (week 23); and

between 17 June and 28 June (week 25 and week 26). This will limit cross—border
capacity between Great Britain (GB) and France (FR) to 1 GW (from typical 2 GW)
during maintenance period;

e BritNed Interconnector will be under maintenance for 5 days, from 16 September
(week 38);

e East West Interconnector (EWIC) will be under maintenance for 3 days, from
19 August (week 34);

¢ Moyle Interconnector will be under maintenance for 9 days, from 12 June (week 24

to 25);
¢ NEMO link to Belgium will be under maintenance for 12 days, from 23 September
(week 39 to 40).

Under normal conditions, expected lowest national generation margin is 8.2 GW on
11 September (week 37) out of which 5.0 GW could be exported with available cross—border

capacities.

Under severe condition factors, the expected lowest national generation margin is 4.1 GW on

11 September (week 37). This margin would be the minimum power available for exports.

Generation and cross—border capacity is expected to be sufficient to meet peak demand and

requirements to ensure operational security margins this summer.

PV continues to impact the residual demand profile. Solar PV and wind generation connected
to the distribution networks has increased to 13.1 GW and 6.2 GW respectively. This makes

residual demand forecasting challenging.
Most critical periods for downward regulation and countermeasures

Minimum demand is expected to be 17.9 GW on 31 July (week 31).
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The lowest downward regulation margin is expected to be 0.5 GW on 25 September
(week 39). This margin suggests that no curtailments would be necessary, but the margin is
tight. The downward regulation margin is expected to be below 5.2 GW throughout the

summer.

Increased supply and demand variability—especially pronounced in periods of low demand and
high renewable generation—can create operational challenges leading to issues such as
Negative Reserve Active Power Margin (NRAPM) and high Rate of Change of Frequency
(ROCOF). As a result, we may need to take additional actions, such as curtailing renewable,

in order to balance the system.
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Demand and generation availability: Great Britain
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Great Britain: Winter review 2018/2019

General comments on past winter conditions

Great Britain has had reliable generation supply this winter and transmission system demand
broadly similar to forecast. Most of January was colder than normal which resulted in demand
reaching 46.9 GW on 29 January 2019.
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Specific events and unexpected situations that occurred during the past winter

Temperatures were 0.8°C higher than average. Most of January was colder than normal. The
highest demand was recorded on 29 January 2019. It reached 46.9 GW after the 2.3 GW of

market—based Customer Demand Reduction.

Cross-border flows from France to Great Britain on some days were lower or even in the
opposite direction than typical. For some days, exports from Great Britain to France were
recorded (between 12 December and 17 December and between 21 January and 28 January).

The same trend was recorded on cross—border flows from Netherlands and Great Britain.

The NEMO Interconnection, connecting Belgium and Great Britain, began operations on 31
January 2019.

The highest wind production recorded was 12.5 GW on 2 January 2019 at 21:00.

No major maintenance or forced outages were recorded on any of the interconnectors (French
interconnector, EWIC to Ireland, Moyle interconnector to Northern Ireland, BritNed

interconnect to Netherland and NEMO interconnect to Belgium (from 31 January 2019).
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Greece: Summer outlook 2019

The Greek system is expected to be in balance in the coming summer period (2019). The
maintenance of indigenous national generation is not high and the estimated good hydraulic
storage of hydropower stations suggests no risk for adequacy in the Greek power system,

even under severe weather conditions.

In very warm periods during the summer, fire incidents are probable, which may affect the
transmission network. These extreme contingencies may result in some local loss of access

to the power system.
Additionally, a new limit of lignite production during the summer period is possible.
Potential critical periods and foreseen countermeasures

The most critical period during summer is the beginning of July, when highest demand might

be observed due to a possible heat wave.

The role of interconnectors for the upcoming summer period is important for system stability.
This is especially relevant in periods with large demand variations and in the event that
significant differences of energy prices in markets appear compared with neighbouring
countries. Due to the fact that no market coupling exists, the exports or imports can enhance

or not the system stability problem.
Most critical periods for downward regulation and countermeasures

The most critical periods for downward regulating capacity are usually between 00:00 and
06:00 (due to low demand); and between 11:00 and 17:00 (due to high PV production).

The available countermeasures are:

e Ensuring sufficient secondary downward reserve (frequency restoration reserves—
FRR);
e Use of Pump Units.

The interconnectors are not used for reserve exchange.
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Demand and generation availability: Greece
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Greece: Winter review 2018/2019

During winter 2018/2019 in Greece, temperatures ranged from low to normal for most of the
season with some severe weather occurrences, but no adequacy issues were recorded.
Specific events and unexpected situations that occurred during the past winter

The HVDC Link GR-IT interconnection was out of operation for weeks, but adequate power

supply was ensured by hydro powerstations using the energy stored in their reservoirs.
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Finally, there was a lack of lignite fuel which led to a limitation in the power production from
lignite thermal power plants, but no supply disturbances were registered (for residential, nor

for industrial consumers).
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Hungary: Summer outlook 2019

As a result of the constantly growing demand, there is no period of time when the imports
could be ignored. The unavailable capacity remains high, which enhances the dependence

on the imports and decreases the flexibility of the system.
High transit flows can be expected through the interconnections in summer as well.

The most critical periods can be caused by the severe weather conditions in June and July,

since the units are temperature-dependent.

A further high increase of PV installed capacity is expected in the near future, but the procured

amount of system reserve can mitigate the risk of balancing problems.
Most critical periods for maintaining adequacy margins and countermeasures

The level of maintenance is normal during the summer. It is mainly between 0.2 GW and
1.1 GW. The most critical periods are between week 22 and week 24; and between week 35

and week 37. During this period, around 1 GW of generation capacity will be in maintenance.
Most critical periods for downward regulation and countermeasures

Critical periods for downward regulation are not expected. The available downward regulation

reserve can ensure the system balance besides the high level of PV generation.
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Hungary: Winter review 2018/2019

General comments on past winter conditions

During the winter 2018/2019, demand levels of the Hungarian system increased compared to

winter 2017/2018 despite the mild winter. Demand exceeded the expected level more times

in December and January, with a peak demand record of 6491 MW being registered on

19 January 2019. Outages of generators were kept at a low level, without any unexpected

event.
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Hungary usually imports electricity between 2 GW and 3 GW at daily peak demand. The major
part of this import is necessary to guarantee system adequacy, and no major issues

concerning cross-border exchange were experienced during the winter time.
Specific events and unexpected situations that occurred during the past winter

There was no critical event last winter.
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Iceland: Summer outlook 2019

Potential critical periods and foreseen countermeasures

No adequacy or downward regulation issues are expected for the coming season.

Iceland: Winter review 2018/2019

No adequacy or downward regulation issues were identified during the past season.
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Ireland: Summer outlook 2019

Potential critical periods and foreseen countermeasures

No adequacy or downward regulation issues are expected for the coming season.

Demand and generation availability: Ireland
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Ireland: Winter review 2018/2019

No adequacy or downward regulation issues were identified during the past season.
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Italy: Summer outlook 2019

Potential critical periods and foreseen countermeasures

Generation capacity in ltaly

In recent years, the Italian Power System has faced a significant reduction of the conventional
(thermoelectric) power fleet. The growth of variable (e.g. wind and PV) generation, together
with stagnhant demand, is putting commercial pressure on traditional generators, leading to the
decommissioning of the oldest power plants. Between 2012 and 2018, the following
phenomena affected the power system operation and adequacy in Italy: about 16 GW installed
generation was phased out (data for 2018 are provisional). The total amount of installed
conventional power plants fell from 77.8 GW down to 61.8 GW and an additional 3.1 GW of
installed conventional power capacity is not available due to environmental, legal and technical
constraints. This trend can be observed on the figure below. This phenomenon has been
seriously affecting the power system adequacy in Italy and some important warning signals
were already registered in the last few years during the summer 2015 period as well as during
the winter of 2016/2017.
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Net Installed Capacity in Italy

Since 2017 (SOR 2017), the decommissioning of conventional capacity has slowed down and

the available thermal capacity is similar to the values of the previous year.
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Grid reinforcements, developed by the Italian TSO in these last few years, also helped to
mitigate some effects caused by the power plants decommission (especially in the main

islands).

Main outcomes of the adequacy assessment

Under normal conditions:

Under normal conditions, even if import from neighbouring areas is generally needed to cope
with adequacy standards in the central part of Italy (Bidding Zones Central-Northern ITO2 and
Central-Southern IT03), no problem regarding system adequacy is expected for the Italian

Power System.
Under severe conditions:

Under severe conditions, imports from neighbouring countries will be required in the northern
Italian Bidding Zones (being the available generation capacity expected to be below the
demand level and considering that the excess of capacity in the southern Italian bidding zones
cannot be fully transferred to the north) due to internal grid constraints. Nevertheless, available
imports from neighbouring countries are expected to be able to cover the needs of this area
(generally composed by Bidding Zones Northern ITO1 and Central-Northern 1T02), despite the
decrease in the transfer capacity with Switzerland due to the forced outage on the line 400 kV

Filisur-Robbia occurred in the winter (the line is expected to be put back into operation on 31st
July).

Hence, for the next summer, adequacy problems can be expected only in the event of an
extraordinary decrease of available transmission capacity (e.g. forced outages of grid
elements or further reduction of Net Transmission Capacity due to unscheduled flows on the
northern border of the country) or generation capacity (e.g. forced outages of generation units

inside or outside this area).

High renewables production (wind and solar) during low demand periods, taking into account
the level of other inflexible generation, could lead to a reduced downward regulating capacity,

especially in the Southern Bidding Zones.
Most critical periods for maintaining adequacy margins and countermeasures

Under normal conditions, no problem regarding system adequacy is expected, and the least

comfortable period is expected during the 