S&P Global
Platts

EU Electricity Markets In
January and February 2017

Understanding the Impact of the Cold Spell and the Special
Measures Introduced in Select Member States and
Concerned Energy Community Contracting Parties

December 20, 2017

A report to DG ENERGY

S&P Global Platts has participated in the study only as an objective independent third party — and in the capacity of performing quantitative, empirical analysis
of the topic in question. S&P Global Platts understands this survey is neither investigative nor intended to support punitive outcomes.

© 2017 S&P Global Platts, a division of SGP Global Inc. All rights reserved.



DG ENERGY | EU ELECTRICITY ‘
MARKETS IN JAN AND FEB 2017 DECEMBER 20, 2017

Executive Summary

Colder weather generally prevailed across the Continent in . .
ith ticularly severe conditions emerain 2017 Minimum Temperatures as a Difference
January 2017, with particularly artions eémerging  grom 1-in-20 Minimum Weekly Temperatures
in Southeast Europe (SEE). Several countries in this region
(namely, Bulgaria, Serbia, the Former Yugoslav Republic JC "8G ®RS MK ERO =GR ®DE sFR  aIT
of Macedonia, Romania, and Greece) experienced low
temperatures, close to a 20-year minimum during week 1 1
and 2, although conditions turned more in line with typical .
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cold spells during week 3 and 4. Warmer weather generally 7‘ ‘ ‘l “ ““ ‘“ ‘ “I I‘“ “‘ ““ ‘n
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prevailed thereafter in February.

While day-ahead power prices across the regions generally

H FYROM
reflected scarcity, several measures were announced to S e we we we we e
safeguard the systems because of the expected widening
imbalances between surging demand and available 857 Giobel

generating capacity®. This report focuses on the major and
most costly measures from the perspective of distortions in
an otherwise functioning market, through their impact on cross-border electricity trading and day ahead market
prices®:

e In Bulgaria, Order 16-64 of Jan. 11, 2017 was issued by the Minister of Energy imposing on the
Electricity System Operator (ESO) “an additional public service obligation consisting of the termination
of access to the electricity transmission network of users exporting electricity generated in the country
for the period from 01:00 on Jan. 13, 2017 until the reserves necessary for the operation of Bulgaria’s
electricity system have been restored.” The Deputy Minister for Energy was appointed in charge to
supervise the implementation of this order. The measure resulted in a suspension of the cross-border
capacity allocation for exports through Feb. 9, 2017.

e In Greece, export capacity was curtailed for two days, on Jan. 11 and 12, 2017.

e In France, capacity from France to Spain was reduced for the peak hours from Jan. 14 to Jan. 20 to
ensure operations remained within operationally security limits in observations. More specifically, Net
Transfer Capacity (NTC) from France to Spain was brought down to 800 MW on Jan. 14 (hour 9 to hour
23), Jan. 15 (hour 19 to 21) and again from Jan. 16 to Jan. 20 (hour 8 to hour 23).

e In ltaly, exports capacities towards France were curtailed for a few hours on Jan. 18 and 19.

It should be noted that in Romania, the Government Decision no. 10 of Jan. 13, 2017 related to “Safeguard
Measures in the Romanian Energy Market” introduced the possibility of applying extraordinary measures,
including a reduction of interconnection capacity, curtailment of exports and load limitations to industrial
clients. However, none of these measures were applied in Romania.

' The study is based solely on actual observed temperatures and not on weather forecasts. As is known, TSOs make projections
based on forecasts, with decisions being based on those projections. The assumption of using only observed temperatures
could therefore underestimate the need for exceptional measures.

2 The report describes and analyzes the measures that were indicated as disruptive of cross-border flows, trading and day ahead
prices. The measures listed and analyzed in the report have been identified after a closer review of the Platts European Power
Daily bulletins for the period Jan. 1through Feb. 15, 2017, the ENTSO-E Presentation Winter Outlook 2016/2017 follow-up by the
Electricity Coordination Group (Feb. 14, slide 8) and other inputs from relevant authorities of the countries concerned.
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The adoption of extraordinary measures in Southeast Bulgarian Exports Ban Issued in Day of Highest

Europe was largely the result of extraordinary conditions, Load, but Implemented in a Period of Weaker Loads
primarily driven by weather. Bulgaria introduced a ban on Daily Peak

exports on Jan. 11, as the system was facing serious Lelowy | TRe TR e e e

tightness. As reported by the ENTSO-E, hourly load in . Fgane Bon on eens

Bulgaria spiked to 7.69 GW on Jan. 10 2017 (hour 18), .

3.3% higher than the previously reported historical . /C?W
maximum of 7.44 GW (Feb. 1, 2012 hour 18), while low

temperatures had caused force majeure issues at a number : demand ousice o

of lignite plants (freezing of the fuel during transport and in 2 [ftebemperd 0
stock) and coal (the disruption of the coal delivery route s s TTnhBrnansTRd 2 s N R EBRNRNNA
through the Danube). Even with a number of load shaving et P o

measures implemented by the Bulgarian TSO, the system
was severely tested, with the reliability of the power system
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seen largely dependent upon the nuclear plant Kozloduy —

which would have been more difficult to replace, in case of failure. Bulgaria was in a large net exporting
position overall in the days before the implementation of the export ban, with only modest import flows
reported from Romania to Bulgaria.

However, during the period of implementation of the export ban, loads in Bulgaria and in the region moved
considerably lower relative to the days when the measure was decided. In addition, a closer look at total
generation and the price spread between neighboring countries during the export ban shows Bulgaria was not
tight during the entire period when the ban was enforced (27 days, through Feb. 9), suggesting that this non-
market measure was not necessary through the entire period. A case in point is Romania, as the Government
Decision of Jan. 13, 2017 introduced the possibility of applying extraordinary measures, but those measures
were never implemented as the market realities had changed in the meantime. In fact, cross-border commercial
flows data show that Romania stayed in a significant strong exporting position, with exports reaching a
maximum during week 3, at around 1.3 GW. A large portion of the Romanian commercial exports has been in
the direction of Serbia (500 MW on average during January, against an average total exports of 750 MW). A
diversified mix ultimately allowed Romania to better cope with the cold spell, while the role of weather-
sensitive demand in Romania is less pronounced than Bulgaria, hence the day-to-day demand variations tend to
be more predictable.

As Bulgaria started the implementation of its export ban, Bulgarian day ahead prices diverged quite
substantially from its key counterparts, more notably

Romania and Greece, or even Hungary, which is a Day Ahead Power Prices in South-East Europe:
benchmark in the region. Bulgaria ultimately priced above Bulgarian Prices Diverge As Export Ban
Romania right as the export ban was announced, but Implemented

Bulgarian prices shifted downward after implementing the e oo e G 0 e oG
export ban, with the spread averaging almost €35/MWh 90| TS —rssim o e g ™

against Romania and €32.7/MWh versus Greece. This shift ., | —™
in the pricing dynamics clearly indicates that the Bulgarian =~ ®
system was more comfortably meeting its domestic loads 10 /
during the export ban, especially as weather warmed up in 20
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the meantime and loads started to move lower. Plant & g B R AN
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unavailability in the system (e.g. due to frozen lignite/coal), < < s < o8 During BG Export Ban

while serious, was not enough to tighten the system when
the ban was implemented, as this would have been reflected e
in higher power prices than those actually observed, leading | ™

to a narrower spread with its counterparts.
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This extraordinary measure was particularly distortive in the days when average dispatching of Bulgarian plants
was below 5200 MW. In those days, the spread between

Bulgaria and Greece (or Hungary, a benchmark in the Export Ban Generally Distortive of Bulgarian-
region) was unusually wide, given prior winters’ Hungarian Price Spread

observations, suggesting the Bulgarian system was HU-BG Spread €/MWh Extra 0.9 GW Generation For Exports
artificially oversupplied. In those days, Bulgarian plants v | gan.2g) !

lost the opportunity to sell power to neighboring countries  , **%750%  sansgginE e |Generation
given there was enough generation capacity and the price 40 . e },la.-;‘* » o l

spread was wider than historical levels. Our analysis shows 20~~~ = *. e* % aor |

that Bulgaria was tight only in a few days out of the 27-day ~ ° CA- R v w |

export ban period. Intervention to safeguard the system 20 | MeasureNotl | ost far Risk |
stability could have taken the form of a cut on the day 60 | Sales | l

ahead NTC (Net Transfer Capacity) decided on D-1 or D-2, =~ ®°%° 4000 4500 5000 5500 60% 058
implemented by the system operator based on weather st Gt oy EFET P Exctrg s
conditions or plants’ availabilities. 5aP Global

Platts

We put together a simple regression model that derives the
amou_nt of Bu'ga“{i” exports I_OSt ona da"y ba§|s, asa Bulgarian Export Potential and Losses from Sales
function of Bulgarian domestic loads. We obtained that the = During the Export Ban (Jan 13 to Feb. 8)

amount of Bulgarian exports lost averaged 500 MW/day,

assuming all the day ahead NTC would be maximized. The S E——
H H H BG border " - . .~
table opposite shows the typical daily loss per each market with -- e e
(Member States and Energy Community Contracting RO 200 56 240 %0 047
Parties). Th_e analysis_ assumes that Hungarian price is the oR a1 7 22 - .
benchmark in the region, hence the lost export volumes are - = = e 8 0.8
priced at the average settlement of the day ahead Hungarian RS 150 131 19 80 004
market over the same period, corrected for the typical price Total o1s %67 543 80 105
Spl’ead BG-HU (€4/MWh during 2016) With these 1t assumes the average day ahead HU price (Jan. 13-Feb. 8) minus the

average day ahead spread HU-BG recorded during 2016 (€4/MWh)

assumptions, the average daily loss has been closer to €1
million/day. This is to say that the ban led to a total loss for =

generators on the order of €27 million. We reach a similar ats

conclusion if we assume, instead of the Hungarian price,

the average of the day ahead prices of the markets bordering with Bulgaria (Romania, Greece and Serbia) over
the same period. In fact, the total loss tied to the banned exported volumes is on the same order of magnitude, or
about €26.7 million.

Data Source: ENTSO-E Scheduled Commercial Exchanges; ENTSO-E Day Ahead NTC

The cold spell hit Greece, as the system was already facing a crisis due to insufficient gas supplies. As gas
accounts for over 30% of the capacity mix in Greece, the largest share across Southeast Europe, Greece was
facing considerable risks that the system could not balance. However, as in the case of Bulgaria, the measure in
Greece was implemented in a day when loads hit their highest (Jan. 10, 9.4 GW), but then implemented also in
days with lower loads (Jan. 11 peak was 9.3 GW and Jan. 12 peak was 8.8 GW?). The analysis of the Greek
price movements during the days when the NTC was cut shows that the system was surprisingly not particularly
tight, suggesting that the intervention was excessive. Greek on-peak day ahead prices stayed well below
Bulgaria during both days, settling at levels that hardly reflect any significant scarcity. Maximum hourly prices
settled at €71/MWh on Jan. 11 and €82/MWh on Jan. 12 respectively, while the maximum price settlement for
January was €200/MWh on Jan. 24 — a day when Net Transfer Capacities were not curtailed. While the Greek

3 The Greek competent authority noted that hourly loads reported by the Greek TSO were different from the ENTSO-E figures. In
fact, based on Greek TSO figures, peak demand on Jan. 11 was 8.865 GW (instead of 9.3 GW reported by ENTSO-E) and on Jan. 12
peak demand totaled 8.730 GW (ENTSO-E reported peak demand was 8.845 GW).
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authorities have reported that gas units were forced to switch to oil, surprisingly a switch to more expensive oil
products is not priced into the hourly power prices of Jan. 11 and Jan. 12. In fact, if we assume diesel prices
(GO 0.1%S) in the MED region averaged $64/BBL in January and $60/BBL in 4Q 2016, this should have

implied power prices in the €100 - €150/MWh order of magnitude. Interestingly, 150 hours in the day-ahead

market settled above €100/MWh during January, but none of those settlements occurred on Jan. 11 and Jan. 12,

which were the days when the extraordinary measures were implemented. In the case of Greece, the
intervention appeared to exceed its purpose, especially on Jan. 12.

The export reductions on the French interconnectors offer a
good example of intervention decided on a D-1 basis and
confined to short-term horizons. These measures were
implemented in form of reductions of the Net Transfer
Capacities and were known by market participants as they
were made public through the REMIT platforms. We
believe these extraordinary measures could have been
expected, given the reduced nuclear availability in France,
and did not lead to market distortions. While the weather
was not as severe as in Southeastern Europe, the French
market had already been experiencing a period of tightness
because of lower nuclear availability. The French nuclear
regulator ASN explicitly set a deadline of three months to
perform safety checks on a number of units (ASN Decision

French Nuclear Availability in Winter 2016/17
At Multi-year Lows
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of Oct. 18, 2016). The checks resulted in large declines in
French nuclear availability, even in January, a month with typically high electricity demand due to heating. This
issue was widely known in the marketplace. As shown in the chart above, nuclear availability was at multi-year
lows from July 2016. In the cold spell of Feb. 2012, which was more severe than the Jan. 2017 one, French
nuclear availability was almost 3 GW higher (59.4 GW against 55.6 GW reported for Jan. 20, 2017, the day
with the highest load in 2017). In addition, back in Feb. 2012, France had significantly higher fossil fuel
capacities (over 8.3 GW of coal and oil units relative to Jan.
2017). Even before the cold spell, the market was
anticipating significant tightness in the French market

France’s Ability to Withstand Cold Spell
Weakened by Lower Installed/Available Capacity

relative to Spain and Italy. With the French installed fossil o o[V saanar
fuel capacity reduced to 21.8 GW, as a result of recent e | ezomwn || leizanwh| €xaemn
closures, the French market was severely constrained in T — T
days with colder weather, especially as the operational S I 3o es | oaa
fossil fuel capacity was already highly utilized. Nudear | 631 | 504 g1 | s6 | ses
Solar 2.2 0 6.7 05 0.1
Due to delays in carrying out the checks on the first N O W B
reactors and for the ASN to validate the restart of these ggﬁ 2 Ty
reactors, EDF requested that the three-month deadline be i os 13| o2
extended for two reactors (Tricastin 2 and Civaux 1), so i by o1 | o8

Data Source: RTE France and EPEX Spot

that their shutdown would not occur before restarting other —

reactors for which the ASN had validated the results of the Platis

checks. ASN approved EDF's request and allowed a delay

of inspections by a few weeks, on the basis of information on the situation of the French electricity supply and
the risks to that supply in the event of a significant cold wave.

An additional factor this past winter was the coincident saturation of the gas transport capacities from the
Northern to the Southern part of France, with consequences on the availability and generation of the gas units


http://www.asn.fr/Informer/Actualites/Prescription-de-controles-complementaires-sur-les-generateurs-de-vapeur-de-cinq-reacteurs-d-EDF
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located in the latter area. This constraint in the gas network
was mostly the result of weak output out of the Fos-sur-
Mer LNG terminal, in the South of the country. As shown
in the chart opposite, the daily price settlement of gas
delivered in the TRS/PEG SUD delivery zone surged
relative to the PEG NORD (the delivery zone covering the
rest of the French gas network), clearly reflecting the
scarcity and bottleneck. As of Jan. 1, 2017, TRS/PEG SUD
prices were settling at about €3.26/MWh above PEG
NORD, but that spread averaged €13.7/MWh between Jan.
14 and Jan. 20. As a result of lower send out at the Fos-
sur-Mer LNG terminal and bottlenecks in this delivery area,
the likelihood of gas supplies interruptions could lead to
lower dispatching of the gas capacity in the region, adding
a further layer of risks for the French power market.

Gas Price in Southern France Carrying a Large
Premium on the Northern Price in January 2017
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The decision to reduce the NTC toward Spain was therefore deemed necessary by the TSO to maintain
operation within safety limits. This exceptional measure appeared as last-resort action, since it was decided in

the day ahead of the implementation and at most for a few
hours. As such, this intervention did not interfere with the
normal functioning of the market. In fact, a closer look at
the hourly prices of France and Spain in those days show
that prices in the French market was always settling above
Spain during the hours of the export capacity curtailment.
This is clearly shown in the chart opposite and suggests that
France was considerably tighter than Spain and, therefore, a
cut in the NTC was in line with the market dynamics. Even
if the NTC capacity was not cut, it did not make sense for
France to export to Spain in those hours, as France was
pricing above its counterpart. As a result, the exceptional
measure implemented was not distortive of the market nor
the flow.

The cut to the NTC from Italy to France on Jan. 18 and Jan.
19 was the result of tightness emerging in the Italian
system. As reported by ENTSO-E, “huge snowfalls in
Central Italy caused the unplanned outage of three
important 380 KV lines, with significant reduction of
transfer capacity from South to North Italy, affecting both
energy and reserve.” This fact narrowed the already small
reserve margins in the NORD zone, making it more
difficult for the TSO to maintain the operation within the
operational security limits. The cut of the Italian NTC in
the direction of France was associated with the emergence
of a small price differential (Italian prices settled above
France). In this context, the market behaved coherently
given the fundamental picture and the introduced measure.
Higher Italian prices appear to be suggesting that the Italian
system was tighter than the French one at the time of the

France-Spain NTC, Flows and Prices
(Jan. 14 to Jan. 20)
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Curtailments of FR-IT and IT-FR NTCs
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introduction of the measure, so in principle a reduction in the export capacity from Italy would not affect the

flow, which was in the direction of Italy.
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A first lesson from the cold spell of Jan. 2017 is the need to continuously assess the need for exceptional
measures, at least on a daily basis, against changing temperatures and market conditions. The implementation of
exceptional intrusive measures in the Southeastern European markets lasted well beyond the days with extreme
weather conditions. Unlike Southeastern Europe, the export reductions on the French interconnectors were
rather NTC optimizations that were decided in relatively shorter timeframes and limited to short-term horizons
(hours to days), in line with weather conditions and with no implications on the market dynamics. It should be
remembered that, as of Jan. 11, RTE was expecting French demand would hit 101 GW on Jan. 19, but the
realized peak demand was actually much lower, as shown in the chart opposite. While these forecasts had
created serious concerns among market participants, the decision and implementation of these measures on a
narrow window (D-1) is more ideal as it would take into account more reliable weather forecasts, without
interfering with trading.

In addition, the events of the cold spell in Jan. 2017 French Daily Peak Demand: Forecasts Vs.

highlight how the decisions on export reductions or Realized
curtailments have larger implications on a regional scale. A MW

stricter cooperation among TSOs and authorities is el v
therefore absolutely necessary, especially in periods of 100000 | oo s, e 12
system stress. The French authorities pointed out that daily yeontvenday o
meetings were taking place among the 41 grid operators, 000 || w-reaized

yet a lack of coordination has nevertheless emerged in the
Southeastern European markets, in spite of their high level
of interconnection and integration. This cooperation should
include the computation of complex or multiple regional
demand/supply forecasts on different time horizons (D-1,
D-2 and W-1) for the entire region, which could better —
anticipate system stress under extreme events. The Platis
cooperation of the European TSOs within the CORESO*
offers an example of regional coordination enabling TSOs to ensure security of supply on a regional level. It is
crucial to make those scenarios publicly available to market participants so that this information can be
adequately taken into account. This stricter cooperation could be limited to periods when there are enhanced
risks of imbalances, such as winter season, or when specific events occur, such as exceptionally low hydro
levels, or more specific generation losses, such as higher nuclear or thermal unavailability.
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Finally, from a broader perspective, the cold spell of January 2017 — the first major weather event since at least
Feb. 2012 - highlights how reserve capacity margins have been thinning in major European markets, due to a
chronic lack of investments, especially on the generation side. In addition, the events of the cold spell in
January 2017 highlight the need to develop even more sophisticated short-term forecast methodologies, together
with mid-term (2-3 years ahead) and seasonal outlooks, with several detailed sensitivities that take into account
of a number of deviations from normal to include the emergence of extreme conditions on a regional basis.
Furthermore the findings of the study underline the need for a stronger regional cooperation between
neighbouring countries' relevant authorities and the concerned TSOs. The study indicates that if there had been
a greater emphasis on regional cooperation, the measures taken could have been less intrusive and more
effective. A more regional approach could have lessened the implications of the cold spell.

4 The voluntary regional cooperation initiative CORESO was informed of the risk of tightness in France by mid October 2016.
CORESO therefore asked the French TSO (RTE) for further information and followed the development of the situation from a
general regional perspective."
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Introduction

As a severe cold spell emerged in January 2017, the European Commission closely followed the events in the
electricity markets, especially as several Member States adopted special measures — in some cases intrusive to
the market - to face imbalances between demand and available generation. As a follow-up from the Electricity
Coordination Group meeting of February 12, 2017, the Directorate-General for Energy (DG ENERGY) has
asked S&P Global Platts to review all relevant quantitative and quality information tied to the cold spell and the
major measures undertaken by a number of Member States. DG ENERGY has provided relevant data, while
additional information was submitted by all concerned stakeholders through a detailed questionnaire, sent in
mid-April 2017.

PIRA, now part of S&P Global Platts, has reviewed all the data and information provided and, in this report,
offers an assessment of the facts and major, or more costly measures, from the perspective of distortion of the
market functioning, through their impact on cross-border electricity trading and day ahead market prices. A
draft of this report — dated July, 24 2017 - was shared with the relevant authorities of the countries concerned.
France, Spain and Greece submitted their comments to the study, which were incorporated in the final version.

The report is structured as follow:

Chapter 1 (The Cold Spell of Jan. 2017) provides a description of the broader context in January through mid-
February across the Continent, with particular reference to the weather patterns, duration and intensity of the
cold spell.

Chapter 2 (Assessing the Impact of Extraordinary Measures Introduced to Face the Cold Spell of Jan.
2017) provides a description and an assessment of the major extraordinary measures adopted in Bulgaria,
Greece, Romania, France and Italy. These countries are the focus of the report, since they were the most
affected by the adverse weather conditions, while also responded very differently to the tightening
supply/demand balances.

Chapter 3 (Lessons Learned). This chapter provides an assessment on whether the implemented extraordinary
measures could have been expected, considering weather conditions or market context.

It should be noted that S&P Global Platts and PIRA have participated in the study only as an objective
independent third party — and in the capacity of performing quantitative, empirical analysis of the topic in
question. S&P Global Platts and PIRA understand this survey is neither investigative nor intended to support
punitive outcomes.
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Chapter 1. The Cold Spell of Jan. 2017

Europe experienced periods of particularly cold weather early in 2017, especially in January. The charts below
present maps with daily temperature deviations from average all across Europe for January through mid-
February 2017 (week 1 to 6). More specifically, the areas in turquoise indicate deviations from normal of 0 to
3°C, the blue color represents temperatures of 3 to 6°C below normal, and the dark blue shows the most freezing
weather conditions, with temperatures plummeting by over 6°C below normal levels. On the other end of the
scale, the colors of yellow, orange, and red indicate periods of warmer weather, based on the data from the
JRC/EC/ENER.

As shown in the charts, colder weather generally prevailed from week 1 to week 4 across the Continent, with
warmer weather emerging thereafter. However, the cold spell was more severe and lasted longer in Southeast
Europe, especially in Bulgaria, Romania, Serbia and the Former Yugoslav Republic of Macedonia (FYROM).
Temperatures were reported to be 3.9 to 5.2°C below normal in Bulgaria for weeks 1-4, whereas Romanian
temperatures were 3.1 to 5.1°C below normal in weeks 1-4. Temperature deviations in Serbia were between 4.2
and 7°C versus normal, with FYROM at similar levels (as low as -6.7°C from normal in week 2).

2017: Temperature Deviations from Average 2017: Temperature Deviations from Average
(Week 1-3) (Week 4-6)
Week 1 Week 2 Week 3 Week 4 Wee_k 5 Week_s

Data source: Weekly temperatures provided by JRC/EC/ENER

Data source: Weekly temperatures provided by JRC/EC/ENER

S&P Global

S&P Global
oba Platts

Platts

In order to understand the severity of the cold spell, we 2017 Minimum Temperatures as a Difference
have also looked at the deviation of the minimum From 1-in-20 Minimum Weekly Temperatures
temperatures recorded in 2017 from the 1-in-20 winters e =BG =RS  wK mRO =GR =D

(i.e., the coldest winter in 20 years). The 1-in-20 data »

shows that Bulgaria and Serbia were colder than 1-in-20 in
week 1 and 2, while FYROM was colder than 1-in-20 only

in week 1. In all of the other countries, the 2017 minimum “’

weekly temperature was never below the historical 1-in-20 5

minimum weekly temperature. ||, | II | ||| |||| |||
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Data source: Weekly temperatures provided by JRC/EC/ENER
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Several special extraordinary and intrusive measures were
taken starting from week 2, as described in Chapter 2, but
when we look at the detailed data for week 2 and 3 (see
chart opposite), minimum temperatures in Bulgaria, Serbia,
Romania and FYROM were comparable or colder than 1-
in-20 minimum temperatures in the first half of week

2. Temperatures in Bulgaria and Serbia dropped again
towards those levels at the end of week 3, when also France
experienced a cold spell. As we describe in Chapter 2,
extraordinary measures were introduced in Bulgaria and
Greece, and to a lesser extent, France, but it should be
noted that other countries which were affected by
exceptionally colder weather, such as Serbia or FYROM,
did not resort to similar measures.

The chart opposite puts the cold spell in Bulgaria into a
wider historical context, as it shows a comparison between
the one observed at the beginning of 2017 and the most
severe in the past decades. The length (x-axis) is
determined by the number of days when the temperature
was colder than normal, whereas the temperature (y-axis) is
taken as the average across those days. The 8-day period
between January 6 and January 13, 2017 was among the
coldest of the past 42 years, comparable to the 7-day period
starting from January 23, 2006 and second only to the 5-
day period starting on December 16, 1997. By comparison,
we have also highlighted a more recent cold spell —
Jan./Feb. 2012 — which was significantly longer, but not as
severe in terms of temperatures deviations from normal.
The following weeks were less cold and are not really
comparable to prior severe cold spells (e.g. the observations
fall outside the chart). This is important to note, as Bulgaria

2017 Minimum Temperatures as a Difference From
1-in-20 Minimum Daily Temperatures: W 2-3

o mBG = RS = MK = RO GR DE mFR u|T
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Data source: Weekly temperatures provided by JRC/EC/ENER
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Bulgaria: Cold Spells in an Historical Context*:
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adopted a ban on exports starting on January 13 (a week with extreme cold weather), but the extraordinary
measure lasted through February 8, or a period when the weather conditions were not as severe as the week of

Jan. 6.

The impact of the weather conditions on electricity demand
in Southeast Europe has been amplified by the relatively
larger role of the residential and commercial sectors, which
tend to be more sensitive to weather conditions. In fact,
according to data by Eurostat, these sectors combined
account for approximately 70% of the final electricity
demand in Bulgaria, Greece, Serbia and FYROM, a
proportion that is similar to the one of France — the most
thermo-sensitive market in Europe®. The chart above in
prior page shows a more granular detail — with indication of
the role of the residential sector, services/small enterprises,
industry and others. Demand in the residential and, to some
extent, the services sectors as well, is more largely driven
by temperatures and, while the Southeastern European

Power Demand by Sector in Selected European
Countries: Large Role of R/C in South East
Europe

100%

u Others

m Services

Industry

S&P Global
Platts

= Residential

Source: Eurostat

5 French power demand increases by 2.4 GW when temperatures decrease by 1Degree C from normal levels.
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markets are smaller in size, their demand still tends to fluctuate quite significantly because of temperatures
during the winter. In other words, the risk of demand spikes is larger in these countries and drives market
participants’ response and, ultimately, TSOs and policy makers’ actions while planning measures to face
imbalances between demand and available capacity.

PIRA’s daily demand model calculates the impact of temperatures on loads for a number of European countries,
using a methodology that captures the non-linearity of temperature/load response. Based on this methodology
and PIRA’s own temperatures, we observed that the extra weather-related demand in Bulgaria during the month
of January averaged 0.4 GW, equivalent to the largest weather correction for any given month in more than a
decade (see on the right side of the first chart below). Our models do not account for load curtailments, so it’s a
theoretical demand response to temperatures — all other things being equal. Romania also saw large weather-
related gains during January, but those were not the largest ever recorded based on our calculations. This may
be in part the result of a lower role of residential/commercial/services (only ~47.6% of demand in Romania,
against 67% combined in Bulgaria), but also relatively more benign weather conditions in Romania. The
second chart below shows the estimated weather-related demand as a percentage of the average demand in any
given month. The impact of the cold spell was more important for Bulgaria (~7% of the average demand in
January 2017), against about 3% in Romania.

Nevertheless, both Romania and Bulgaria saw their hourly loads reach multi-year highs in January 2017. As
reported by the ENTSO-E, hourly load in Bulgaria spiked to 7.69 GW on Jan. 10 2017 (hour 18), 3.3% higher
than the previously reported historical maximum of 7.44 GW (Feb. 1, 2012 hour 18), with Romanian demand
hitting an historical high of 9.728 GW on Jan. 10, higher than the previously reported peak (Dec. 19, 2007).
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As for France, the extra weather-related demand was estimated to be on the order of 5.4 GW on average for the
month of January, which was far below the amount of weather-related demand for February 2012 (10 GW),
being the most severe cold spell over the past decade in France. On a relative basis, French extra-weather
demand was about 7% of total loads, far below the amount estimated for Feb. 2012 or Dec. 2010. French
maximum hourly demand totaled 93.8 GW on Jan. 20, well below the 101.6 GW historic high reached in Feb.
2012. While the French system was significantly strained back in February 2012, France held at that point
significantly larger fossil fuel capacities (an additional 8.3 GW of coal and oil units relative to Jan. 2017),
which allowed France to withstand considerably better the cold spell. In addition, interconnection capacity with
Spain is larger now, while finally, as discussed in Chapter 2, nuclear availability was significantly lower this
year for specific technical issues (probe on the steam generators). These factors (more specifically, lower
installed capacities and nuclear availability) complicate the comparison between this year’s cold spell and the

one in Feb. 2012.
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Chapter 2. Assessing the Impact of Non-Market Measures Introduced to Face
the Cold Spell of Jan. 2017

Measures Introduced

The severe weather conditions led to the announcement of a number of extraordinary measures deemed
necessary to safeguard the systems, as a result of the widening imbalances between surging demand and
available generating capacities.

e In Bulgaria, order 16-64 of Jan. 11, 2017 was issued by the Minister of Energy imposing on the
Electricity System Operator (ESO) “an additional public service obligation consisting of the termination
of access to the electricity transmission network of users exporting electricity generated in the country
for the period from 01:00 on 13 January 2017 until the reserves necessary for the operation of Bulgaria’s
electricity system have been restored.” The Deputy Minister for Energy was appointed in charge to
supervise the implementation of this order. The measure resulted in suspension of the cross-border
capacity allocation for exports through Feb. 9, 2017.

e In Greece, curtailment of export capacity for two days, for Jan. 11 and 12 2017.

e In Romania, the Government Decision no. 10 of Jan. 13, 2017 related to “Safeguard Measures in the
Romanian Energy Market” introduced the possibility of applying extraordinary measures, including a
reduction of interconnection capacity, curtailment of exports and load limitations to industrial clients.
However, none of these measures were actually implemented.

e Capacity from France to Spain was reduced for the peak hours from Jan. 14 to Jan. 20 to ensure
operations remained within operational security limits in observations. The French representatives also
highlighted that France took actions to increase the French import capacity from Spain between Jan. 17
and Jan. 20 in order to face tighter conditions in France.

e In Italy, curtailments of exports capacities towards France for a few hours on January 18 and 19 were
implemented.

This list of extraordinary measures is also consistent with the ENTSO-E Presentation Winter Outlook
2016/2017 follow-up by the Electricity Coordination Group (Feb. 14, slide 8) and other stakeholder inputs. A
closer review of the Platts European Power Daily bulletins for the period Jan. 1 through Feb. 15, 2017 did not
highlight other major measures signaled by market participants significantly impacting market dynamics and
cross-border flows.
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Bulgaria’s Ban on Exports

The Bulgarian ban on exports was issued on Jan. 11 and
implemented on Jan. 13 “in order to prevent any disruption
in the supply of electricity in Bulgaria owing to the
prolonged extreme winter conditions resulting in a shortfall
in generating capacity, including at regional level”®,

The first chart on the side shows peak daily loads across the
region — Bulgaria, Romania, Serbia, FYROM, and Greece.
In particular, the highest level of demand across the various
Southeast European countries was reached between January
9 and 12 (red area) at the time when the export ban was
decided, although implementation started on January 13,
when loads had already moved to lower levels’. From the
chart, it appears that the load curves for Bulgaria and Serbia
are flatter, although, this does not imply there is a lack of
weekday-weekend variation in those markets. A fair way to
look at the weekday-weekend variation is to calculate the
average of weekday load in winter 2017, i.e. January and
February 2017, and the average of weekend loads during
the same period of time. The ratio of the two represent the
variation. This ratio is 1.06 for Bulgaria, 1.08 for Greece,
1.04 for Serbia and 1.11 for Romania. Indeed, Bulgaria,
Greece and Serbia all have larger shares of R/C demand
which is not very sensitive to weekday/weekend impact.
Conversely, Romania has the biggest share of industrial
demand which explains its high ratio of weekday to
weekend demand.

On the generation side, the country with the largest fossil-
fuel installed capacity is Romania, followed by Greece and
Bulgaria. In all markets, thermal capacity account for over
50% of the installed capacity. This means the availability of
the units and the availability of fuel supply during cold
spells are very important. More specifically, lignite has a
central role in Bulgaria, Serbia and FYROM, while Greece
is the market in this group most reliant on gas. Romania is
the market most diversified in the region in terms of
capacity mix by fuel.

As for Bulgaria, the capacity mix is heavily skewed toward
two major technologies, lignite and nuclear. The nuclear
plant Kozloduy, with a capacity of 2 GW, accounts for 40-
50% of the Bulgarian loads, with lignite and coal serving an
even higher proportion of the loads (over 50%).

Bulgarian Exports Ban Issued in Day of Highest
Load, but Implemented in a Period of Weaker Loads
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6 Official translation of Order 16-64/11.01.2017 issued by the Minister of Energy of Republic of Bulgaria

“The chart showing daily peak loads is based on figures published by ENTSO-E. The Greek representatives noted that, based on
Greek TSO figures, peak demand on Jan. 11 was 8.865 GW (instead of 9.299 GW reported by ENTSO-E) and on Jan. 12 peak
demand totaled 8.730 GW (ENTSO-E reported peak demand was 8.845 GW).
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The nuclear plant was available and run at full capacity,
based on the generation data, as shown in the above chart in
the prior page. However, dispatching of lignite units
appears more volatile from the generation data. In part,
lignite output appears to follow the loads, but issues were
also reported at a plant level.

As reported in the response by the Bulgarian authorities to
the submitted questionnaire, low temperatures caused force
majeure issues at a number of lignite plants (freezing of the
fuel during transport and in stock) and coal (the disruption
of the coal delivery route through the Danube). In addition,
lower water levels made things worse, while also
undermining hydro generation (see chart opposite).

Problems with fuel supplies were specifically reported for
the following units:

Refilling of Bulgarian Water Reservoirs at Multi-
Year Lows

% refilling
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Source: Bulgaria TSO, Water Reservoirs

S&P Global
Platts

e TPP Bobov dol — insufficient lignite supply due to freezing during transportation;

e TPP Maritsa Iztok 2 (TPP MI 2) — insufficient lignite supply due to freezing in railroad wagons

during transportation;

e TPP Maritsa 3 — insufficient lignite supply
due to freezing during transportation;

e TPP Ruse - insufficient coal supply due to
floating big chunks of ice in the Danube
River impeding the transportation and in
addition problems with water supply for
auxiliaries cooling due to freezing of the
intake pond.

The chart opposite (second on the right) shows the average
daily generation from the lignite plants that have reported
fuel supplies issues. Although nominal availability data was
not provided, the chart shows the units that reported fuel
supply issues were generating at most 1.6 GW on Jan.
10/11 2017, with their generation dropping to a minimum
daily average of 1.1 GW (Jan. 15, 2017), which is to say
that the unavailability issues may have at most deducted 0.5
GW of capacity. The chart below calculates the load factor
of lignite units in Bulgaria and other surrounding markets.
Overall, the utilization of the lignite capacity in Bulgaria
was above other markets, on or before Jan. 11, but
eventually dropped considerably after the peak reached on
Jan. 11. The relatively lower utilization of lignite in
Romania during the period is the result of a more
diversified mix. This fact ultimately made Romania in a
better position to withstand the cold spell compared to the
other surrounding markets.

Daily Profile of Lignite Units Reported to be
Impacted by Fuel Supply Availability in Jan. 2017
(Daily Averages)
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With the availability of the lignite impacted by unforeseen
circumstances, the capability to cope with the cold spell Bulgaria Contracted/Activated and Used Cold
was reduced from the Bulgarian standpoint. Bulgaria had Reserve — 2017 Vs. Prior Winters

contracted extra 30 MW reserve capacity compared to the .,
past two winters. The full contracted capacity was available .,
except on selected days in mid to late February, indicating ., — J

no major unavailability. As shown in the chart opposite, for :
the first time in the past three years, Bulgaria activated the ﬂjﬁi?ii ot e

—Auverage of Contracted

200

. . -Average of Used
full contracted capacity cold reserve in response to the cold jk\ )
spell from Jan. 8 to Jan. 26. The actual used cold reserve ,

reached 92% Of available CapaCIty On Jan 27 010509131721252902061014182226 010509131721252902061014182226 (10509131721252902061014182226
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Other than the activation of the cold reserve, the Bulgarian
representatives indicated that the Bulgarian TSO e
implemented load shaving measures to reduce the domestic = ™
demand:

Data Source: “Actual Available and Activated and Used Cold Reserve’ provided by Bulgaria TSO

e The number of autotransformers and transformers in operation was optimized resulting in a reduction of
the load by around 20 MW;

e The medium voltage of the buses in the substations was reduced by 3 to 5% without affecting the quality
of supplied electricity to the end-users, including the distribution companies. As a result, the electrical
load was reduced by more than 250MW;

e Finally, following a suggestion by the Maritsa Iztok mining complex, the wheel excavators were put out
of operation from 17:00 to 23:00 without interruption of coal supply. As a result, the electrical load was
reduced by up to 60 MW.

However, in spite of these measures, the Bulgarian representatives warned that the reliability of the power
system was largely dependent upon the NPP Kozloduy unit — which would have been more difficult to replace,
in case of failure.

Additionally, assistance from neighboring TSOs was deemed insufficient from the Bulgarian standpoint.
Bulgaria was overall in a large net exporting position in the days before the implementation of the export ban,
with only modest flows reported from Romania to Bulgaria. Finally, Greece implemented a cut on export
capacity on Jan. 11, which further limited the ability of Bulgaria to meet its domestic loads. In other words, any
potential supply shortage in Bulgaria had to be balanced by emergency imports from Greece, Turkey, Serbia
and, to a minor extent, FYROM, which were experiencing similar tight conditions. The ban on exports was
therefore seen as a preventive measure in the policy maker’s view. The charts below show the commercial net
import-export flows between Bulgaria and the surrounding markets on a daily basis during January and
February. As shown, the ban has mostly affected the exports to Greece and, to a lower extent, Romania. As seen
more clearly in the table in next page, before the export ban, i.e. up to January 12, Greece was the country
importing the most from Bulgaria.
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Bulgaria Daily Exports (Commercial)
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The table opposite also details the reported Day Ahead Net
Transfer Capacity (NTC) of the interconnectors between
Bulgaria and its neighbors as published by ENTSO-E (data
provided). The unutilized capacity on the import side was
only about 546 MW, which compares to 865 MW of
exports. As a result, ESO, the Bulgarian TSO, could more
easily cover any supply shortage through a decrease of
exports, rather than an increase in imports — at least based
on these reported NTC values. From a flexibility point of
view, a reduction on exports had in principle a greater
scope than an increase in imports, with the latter also
subject to the availability of foreign spare capacity. A
measure allowing the TSO to reduce the Net Transfer
Capacities in selected hours or days would have, however,
been sufficient to protect the stability of the system.

The comparison with Romania is relevant. While the
Government Decision no. 10 of Jan. 13, 2017 related to
“Safeguard Measures in the Romanian Energy Market”
introduced the possibility of applying extraordinary
measures, including a reduction of interconnection capacity
or curtailment of exports, none of these measures were
actually applied. The chart to the right shows Romania
stayed in a significantly strong exporting position in the
first half of January, with exports reaching a maximum
during week 3, at around 1.3 GW. A diversified mix
ultimately allowed Romania to better cope with the cold
spell.

Independently from the reasoning behind Bulgaria’s
decision to implement the export ban, the effect on day
ahead prices in Bulgaria and across the region has been
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Bulgarian Import and Export Day Ahead NTC and
Utilization Before the Export Ban (Jan 1 to 12)
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substantial, as shown in the chart opposite. Before the implementation of the ban, prices across the region were
directionally tracking each other, with the tightness in the Bulgarian system pushing day ahead prices at the
IBEX to a maximum of €125.9/MWh on Jan. 10, in the midst of the coldest week. At that point, right before the
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implementation of the ban, Serbia also observed spot prices as high as €151/MWh, tracking another major
regional hub — Hungary — which settled at €150 on Jan. 11, 2017. This is when demand across all the markets
was at maximum levels (see again chart on page 15).

However, as Bulgaria starts implementing the export ban,

Bulgarla_n day ahead prices dlvgrged'qune sub§tant|ally Day Ahead Power Prices in South-East Europe:
from their counterparts. Bulgaria ultimately priced above Bulgarian Prices Diverge As Export Ban
Romania before the export ban, but as the export ban was Implemented

implemented, Bulgarian prices shifted more significantly ey ahead prices (Euro/MWH) - -
below, with the spread averaging almost €35/MWh against w0 | —¢ ot ROl 140 scarcity in the region,
Romania and €32.7/MWh versus Greece. This shift 120 —GR spar o "N
indicates that the Bulgarian system was more comfortably 80 80

meeting its domestic loads, especially as weather warmed ® / = o

up. The plants’ unavailability in the system (e.g. due to 20 20

frozen lignite/coal) was not large enough to tighten the C 4 a4 4w ’ SO
system when the ban was implemented, as this would have & & ¢ " ¢ o «SEIHTTETRELES
been reflected in higher Bulgarian power prices than those Before BG Export Ban Ouring 8 Export Ban
actually observed, leading to a narrower spread with its — e ——
counterparts. The other markets were indeed experiencing Platts

tightness in the period when the Bulgarian ban was

implemented. In fact, Hungarian day ahead prices, a benchmark in Central-Eastern Europe, averaged €84/MWh,
with several days settling in proximity and above €100/MWHh, a a level closer to the marginal costs of oil units
and a clear sign that the available thermal capacities were getting fully utilized.

The chart opposite shows the daily average demand in

Bulgaria (x-axis) for the past two winters, and actual BG Export Ban. Losses of 0.3 10 1 GWiday of
exports on the y-axis. Bulgaria is typically a net exporter P 9

during the winter, but the amount of exports tend to BG IMPIEXpMW  <zorsriwiner 201677 Winter  +BG 2017 Exp Ban
fluctuate with the domestic demand and other fundamental . P L

factors (such as plants availability, market conditions in o 2 ...

neighboring markets). The black dots in the chart represent 2« I -

the days when the export ban was implemented. Given the 9 o AL y

level of demand in those days, Bulgarian exports would b a0 e C 1| epotintis
have been on the order of 300 to 1000 MW/day, based on ® o0 P v e
prior winter observations (see points in the red square). As
shown in the table on the prior page, the NTC from - ENTSﬁ‘!?h??j‘Qa“d in Bf Mws
Bulgaria to Greece and Bulgaria to Romania are both — e
reported at 300 MW, while the NTC from Bulgaria to Platts

Turkey is a bit more than 400 MW, totaling in excess of 1

GW. The data provided showed that an average of 127 MW was flowing out of Bulgaria, even during the export
ban. Taking these flows into account, in principle, up to 900 MW of additional exports could be achieved, all
other things being equal.
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In order to evaluate the costs of the extraordinary and

intrusive measure implemented by Bulgaria, we have Bulgaria-Greece Spread Vs. Bulgaria Generation:
looked closely at the day ahead price spread between Spread Narrows as BG Stack Fully Dispatched
Bulgaria and Greece, as this market was the most impacted =~ GR-BG Seread &MWh Exira 06 GW Generation For Egports

by the lack of Bulgarian exports®. The chart opposite shows = ¢ Janll;gn.zgl - | 6.2GW, Max.
the Bulgarian average daily generation against the daily 40 RS TR Jgniie® g o -

price spread between Bulgaria and Greece. As shown, the 20 L B AT B T

higher the call on Bulgarian plants, the narrower the price _28 - | e |

spread between the two markets. In days when the 40 poigis e Measure Not| 86| !
utilization of the Bulgarian fleet is higher than 6 GW, the 80 o viner Necessany | Lost. :A* Risk |

spregd can turn into negative territory —as Bulgaria would 50 4000 4500 5000 5500 6000 6500
be dispatching more expensive units. BG Total Gen MWs
The impact of the export ban when Bulgarian generation e p o

Platts

was below 4.8 GW was more muted, as domestic demand
was not high enough in those days, and the spread between
realized Bulgarian and Greek prices was already on the same order of magnitude than in prior winters
(€20/MWh or so). Specifically, during the last days of the ban period, from Feb. 4 to Feb. 8, total generation
was generally below 4.8 GW and the price spread between GR and BG is on average approximately €27 /MWh,
according to the methodology used. These spreads should be seen as normal, given the level of demand and
generation. Even assuming that Bulgarian exports would have increased by an additional 0.9 GW, then prices in
Bulgaria would have probably still settled some €20/MWh below Greece. In other words, we do not think the
export ban was necessary in those days, as the market was not tight.

However, the measure was particularly distortive in the days when average dispatching of Bulgarian plants was
between 4.8 to 5.2 GW. In those days, the spread between Bulgaria and Greek prices was unusually wide, given
prior winters’ observations, suggesting the Bulgarian system was artificially oversupplied. In those days,
Bulgarian plants lost the opportunity to sell their power to neighboring countries given there was enough
generation capacity and the price spread was larger than historical levels. Again, if plant unavailability was
critically high, then the price spread would not have been as wide. Higher than normal plant unavailability
would have required the dispatching of more expensive marginal units domestically, resulting in higher
Bulgarian prices. Even if Bulgaria had increased its exports to full capacity, or by 0.9 GW, total generation
would have been closer to the maximum level, 6.2 GW. In those days, the measure led to revenue losses for the
plant operators.

8 The scope of the report is to evaluate the costs of the non-market measures, especially in form of disruption of day ahead
flows, trading and prices. As such, the day ahead price is the most logical benchmark to use to estimate the costs of these
measures, although there may be additional ways to estimate the costs. Also, as shown in table and charts on page 18, Greece
was importing the largest amount of power from Bulgaria before the export ban.
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Finally, during days when generation was already above 5.2 GW, the export ban may have prevented further
tightness in the Bulgarian system. Additional exports at this level of generation would have most likely led to a
shortage in the market. There are 17 days falling into this category, out of the 27-day export ban period. This

being said, for these 17 days, Bulgaria would have still had
the opportunity to export up to 700 MW, depending on
real-time plant availabilities and/or weather conditions.

We have also analyzed the Bulgarian-Hungarian day ahead
price spread during the ban (see chart opposite) and
observed that the spread was also unusually wider than
prior winters, or levels to be expected given the Bulgarian
dispatching capacity. In principle, with no exports ban, we
would have expected the spread to be more compressed, as
occurred in the past. It should be noted that the day ahead
spread between Bulgaria and Hungary averaged about 4
euro/MWh in 2016.

We have put together a simple regression model that
derives the amount of Bulgarian exports as a function of on
loads for the winter 2016/17, and obtained that the amount
of Bulgarian exports lost during the ban averaged 0.5
GW/day, assuming all the day ahead NTC would be
maximized. In order to evaluate the total monetary loss, a
starting point could be the Hungarian price, which is
considered a benchmark in the region. However, we believe
that this price needs to be adjusted to take into account the
typical spread between Bulgarian and Hungarian prices —
around €4/MWh. Under these assumptions, the average
daily loss was closer to 1 million euro/day. This is to say
that the ban led to a total loss on the order of approximately
€27 million, according to the methodology used. The table
opposite shows the typical daily loss per market (both
Member States and Energy Community Contracting
Parties).

If we use the average of the day ahead prices of the markets

Export Ban Generally Distortive of Bulgarian-
Hungarian Price Spread

HU-BG Spread €/ MWh
100

Extra 0.9 GW Generation For Exports

« 2015/16 Winter | Jan,Z%I I
80 2016/17 Winter | 3an.29 l6.2 Gw, Max
oo |G 20L7 Exp Ban Jan.lsﬁan.z% lo | Generation
o0 | o |
40 ° | 14 o ]
¢ Eil el
20 e .® ] eb. 2 Y
. s PR PR
0t e agee 5 !

-20 Measure Not | BG

Lost
40 Necessary : Sales
-60

3,500

|
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|
|
I
At Risk :
|

4,000 4,500 5,000 5,500 6,000 6,500

BG Total Gen MWs

Data Source: EFET Power Exchange Prices;
“Actual Generation Output in Transmission Grid” provided by BG TSO

S&P Global
Platts

Bulgarian Export Potential and Losses from Sales
During the Export Ban (Jan 13 to Feb. 8)

Max Export  Avg. Price in  Max Loss from
Potentially lost  the Region the Ban (Million
(Avg. MW)  (Euro/MWh]*  Euro/Day)

BG border
with

RO 300 56 244 80 0.47
GR 315 73 242 80 0.46
MK 150 107 43 80 0.08
RS 150 131 19 80 0.04
Total 915 367 548 80 1.05

‘It assumes the average day ahead HU price (Jan. 13-Feb. 8) minus the
average day ahead spread HU-BG recorded during 2016 (€4/MWh)

Data Source: ENTSO-E Scheduled Commercial Exchanges; ENTSO-E Day Ahead NTC

S&P Global
Platts

connected directly with Bulgaria (Romania, Greece and Serbia), weighted for the exports lost on a daily basis
(0.5 GW/day), then the total loss is slightly lower, or about 26.7 million euros. Finally, if we take the daily
Hungarian price, the lost exports should be valued at 26 million euros.
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Greece: Curtailment of Export Capacity (Jan. 11-12)

A curtailment of the export rights through the Greek interconnectors was also announced on Jan. 10 for Jan. 11
and Jan 12 for a total of 1,116 MW. As shown in the chart opposite, export capacity on all the interconnectors
was zero in those days.

Transmission capacity from Greece to Italy was already

unavailable from December 2016 (in both directions) due Greek Reported Export NTC Cut On Jan. 11/12
to a fault located on a joint of the undersea link. The link

was first restored when export capacity was made available Mw

to Greece on Jan. 21. The unavailability of the - A1

interconnection with Italy (500 MW) lowered the flexibility 1.4
in the Greek power system, which was already undermined | ***

I
by ko g uppie. = I

@
S
=3

600

In fact, from Dec. 19, 2016 through mid-February, the a00
National Natural Gas System of Greece was declared at I A
alert level crisis by the Greek authorities due to INSUFFICIENt 6 8 888 8 888 s B
gas supply to meet the increased demand®. This tense *AL “BG =T MK =TR
situation on the Greek gas system, together with extreme —
weather conditions and low hydro levels'?, led to the fate
implementation of a number of other exceptional measures
by the Greek TSO ADMIE:

e Gas-fired units instructed to switch to alternate fuel (diesel);

e Re-dispatching measures for gas units'!; and

e Activation of interruptible clauses for electricity consumers*?

=]

)
=3

Data Source: ENTSO-E Day Ahead NTC

The analysis of the Greek price movements during the days when the NTC was cut shows that the system
looked tighter than its Bulgarian counterparts on Jan. 11, with the Greek day ahead prices settling at

° The Crisis Management Unit Head declared Alert Status 1on Dec. 19, 2016 and on Dec. 212016 and Jan. 9 2017 Alert Status 2.
° The Greek representatives indicated that, “in order to cover for the high demand and limited capacity availability, hydro power
plants were extensively used and reservoirs were exhausted. The stored hydroelectric energy during this winter crisis dropped
significantly compared to the respective period last winter.”
" As stated in the Annex Questions to Greece, the Crisis Management Group (CMG) discussions resulted in an agreement
amongst all market players to support the efforts for dealing with gas shortage by voluntarily adjusting their actions. Specifically,
concerning the electricity system, the CMG approved the proposals of the Hellenic Gas Transmission System Operator to put a
daily limit on natural gas consumption for electricity production, in order to preserve quantities for other uses. This limit has been
taken into account by ADMIE by putting a daily energy constraint to natural gas generators in the Market Management System
(MMS) optimization algorithm of the Dispatch Schedule.
2 Ministry of Environment and Energy, Answer to questionnaire from European Commission, Directorate General for Energy, Feb.
17, 2017
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€59.95/MWh versus €53.05/MWh at the IBEX. The
tightness in the Greek system is also reflected in the
direction of the flow, with Greece importing from Bulgaria

Greece Imp/Exp Flow Vs. Price Spread with BG
(Commercial)

MWws BG Export Ban mGR-AL Spread

144 MW. 1500 . iailc —ERIT (Euro/mwh)

However, the situation changes on Jan. 12, as the Greek imp 1000 e - 0

market settles €37.32 below Bulgaria, while the flow | Buigaria l “”N ﬂ A o

remains in the direction of Greece (209 MW). The chart o0 '(Ja”']Q Hmmmﬂ ‘ |,“ ill " |A 0

opposite shows the import-export flows for Greece, 0 Hﬂ!‘!i- ! il || I I!!'gi!nll!"l"v!!!ull I' 10

compared to the price spread for Greece vs. Bulgaria. B | .“' “I '" “ t -30
-500 ™ Jan. 12:'Greek system less tight than Bulgaria -50

In other words, the decision to cut the export capacity to S S S @ @ @ o o

zero on Jan. 12 was not in line with the market realities, as ot st 5t o e

the Greek prices (SMP) implied that the Greek system was ey

better able to cope that day. While we look at the hourly ree

profile, Greek on-peak prices stayed in both days well _ _

below Bulgaria at on-peak hours, settling at levels that Hourly Prices Jan. 11/Jan. 12: Greek Prices Not

Reflecting Scarcity
Euro/MWh

hardly reflect any significant scarcity. The hourly prices for
the SUD zone in Italy are shown as a theoretical

comparison, since the Italian-Greek interconnector was not lzz — Greece — Bulgaria~ ~ laly - SUD
available at the time for both import and exports, but
nevertheless provide additional evidence that the Greek o
system was not particularly tight. 0

100

40

While the Greek authorities have reported that three gas
units (1,174 MW) were forced to switch to oil, surprisingly, =,
a switch to oil products is not priced into the power prices GREARLBEULARQREN NI LT LAY
in those days. If we assume diesel prices (GO 0.1%S) in the

MED region averaged $64/BBL in January and $60/BBL in | sree

4Q 2016, this should have implied power prices in the €100 |

- €150/MWh order of magnitude. While the Greek

representatives have highlighted that the Variable Cost Recovery Mechanism in effect in Greece prevented day
ahead prices from moving higher, it’s interesting to note that there were still 150 hours priced above €100/MWh
during January, with none of those settlements occurred on Jan. 11 and Jan. 12, which were the days when the
extraordinary and intrusive measures were implemented.

20

Data Source: Power Exchange Prices

Finally, the prices do not reflect any of the other extraordinary measures, more specifically the Value of Lost
Load (VoLL), or the estimated amount that customers would be willing to pay to avoid a disruption in their
electricity service. It was specifically stated that 577 MW of interruptible customers were instructed to reduce
their load (with a two hours-notice, for 48 hours). Given the short notice, it’s understandable that this was not
factored in prices for Jan. 11, but it’s surprising that the load reduction was not priced in Jan. 12. While the
Greek representatives have explained that the interruptibility scheme in Greece is an auction-based mechanism
which provides remuneration to large industrial customers for reducing their consumption when instructed by
the TSO, yet it is surprising that the day ahead market did not reflect scarcity in those days.

Measures on Interconnectors France-Italy and France-Spain

The Western portion of the Continent saw colder weather, but in those countries the deviation from historical
winter temperatures was not as severe as the ones seen in Southeast Europe. While the French TSO RTE did not
make major changes to the trade programs, nevertheless, the adoption of special measures was deemed
necessary in certain circumstances, notably on the interconnectors for France-Spain and Italy-France.
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French import capacity was increased, especially from Spain and Switzerland, while Net Transfer Capacity
toward Spain was reduced significantly for a number of days — starting from Jan. 14 to Jan. 20, to ensure
operations remained within operational security limits in observations. More specifically, NTC was brought
down to 800 MW on Jan. 14 (hour 9 to hour 23), Jan. 15 (hour 19 to 21) and again from Jan. 16 to Jan. 20 (hour
8 to hour 23).

Similarly, NTC to Italy was cut in the direction of Italy on _ _ _
Jan. 19. That day NTC reached a low of 921 MW on hour .FFEd”Cé"I’t”lOf '”éerscor.‘”ec“on Capacity France
11 and 724 MW on hour 21. Additionally, Italy has cut its oware ey and spai

NTC to France on Jan 18 and Jan. 19*°. The chart opposite ke e

provides an overview of the NTC most affected during oo {1 L AE ' e
January. This information was public and market w0 VHUUUL ﬂ‘“

participant were made aware to these changes in the NTC. |

While weather was not as severe as in Southeastern Europe, 1

500

the French market has been experiencing a period of
tightness, as a result of lower nuclear availability. As TN
shown in the chart below, nuclear availability was at multi-

year lows from July 2016 to March 2017. Da S, ENTSO£ S Comerl g

S&P Global
Platts

0

An anomaly in the chemical composition of the central part
of the Flamanville EPR vessel closure and bottom heads led
the French Nuclear Safety Authority ASN to ask the _ French Nuclear Availability in Winter 2016/17
manufacturer Areva and EDF to conduct a full experience At Multi-year Lows

feedback analysis with regard to this event and the parts

manufactured in the AREVA's Creusot Forge plant. This S TR TRl ol ks mmole ol
effort has been ongoing since at least late 2014 and led to 0 AL

detect more recently an anomaly in the steam generator 5 \ //
channel heads, which is critical to the safe operation of 5

nuclear plants because it involves components within the ©

reactor containment building (see also ASN press release of =
June 28 2016). While it was initially thought that the tests s
to these plants would occur in coincidence with the plants
scheduled maintenance (spring-summer 2016 and 2017), it
later emerged that the potential safety issues required a —
more urgent approach. In fact, the French nuclear regulator = #=
ASN explicitly set a deadline of 3 months to perform the

safety checks to a number of units (ASN Decision of Oct. 18, 2016). These plant checks kept the French nuclear
output at exceptionally lower level, even in January, a month with typically high electricity demand for heating.
This issue was widely known in the marketplace, keeping French forward prices at a premium relatively to both
Italy and Spain. In fact, the French Jan. 2017 baseload contract settled at €71.5/MWh on the exchange EEX on
Dec. 30 2016 (last day of trading), against the Spanish Jan. 2017 contract closing at €59/MWh and the Italian at
€57.28/MWh. This is to say that, even before the cold spell, the market was anticipating significant tightness in
the French market relative to Spain and Italy.

Data Source: RTE France

13 Curtailments of the NTC on the interconnectors from Italy to France were reported by the Joint Allocation Office JAO for both
days (Jan. 18: http://www.ja0.eu/news/messageboard/view?parameters=%7B%22News|d%22%3A%22813ae083-8961-4294-
b256-36fe008db31f%22%2C%22FromOverview%22%3A%221%22%7D and Jan. 19:
http://www.ja0.eu/news/messageboard/view?parameters=%7B%22News|d%22%3A%225ffa83e4-cf7d-44fb-ab9b-
a6ff00890086%22%2C%22FromOverview%22%3A%221%22%7D
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In their response to the questionnaire, the French competent authority mentioned that the tight supply/demand
context of January 2017 led EDF to request a waiver of the ASN decision of 18 October 2016. Due to delays in
carrying out the checks on the first reactors and for the ASN to validate the restart of these reactors, EDF
requested that the three-month deadline would be extended for two reactors (Tricastin 2 and Civaux 1), so that
their shutdown would not occur before restarting other reactors for which the ASN had validated the results of
the checks. ASN approved EDF's request and allowed a delay of the inspections by a few weeks,
acknowledging the enhanced risks of a capacity shortfall, in the event of a significant cold wave.

At the time of maximum demand, on Jan. 20, nuclear output totaled 55.6 GW, with the other plants running a
maximum or closer to maximum capacity, and France turning into a net importing position. Additional
unavailability was reported for pumped storage units and other conventional thermal units (fuel oil).

The table opposite shows the generation mix in the hour of

maximum load on Jan. 20 and Jan.25, together with the France’s Ability to Withstand Cold Spell .
reported installed capacities as of Jan. 201724, Maximum Weakened by Lower Installed/Avallable Capacity
demand hit a high of 93.7 GW on Jan. 20, 2017, with 5°C a3 A | an | 207|253
below the reference temperatures. Assuming the other Brice E220MWh €LZZIMWh| €200hWT
fossil fuel plants were available to generate, France had T T 7 a0 |28
respectively a mere 7 and 9 GW of theoretical spare G | n7 | e T T
capacity in those days. The introduction of demand- L B R I R R A
response mechanisms were in part able to alleviate the oo | 24 | s || e | 7| 127
tightness in the French supply-demand. As the French [ moars o 2
competent authority reported: “on the one hand, the entry Sy 09 | oz

into force of the capacity mechanism for the year 2017 Beliﬂﬁzg’ﬁ"m”any o | oo

made it possible to mobilize a large potential for demand J ' e e 95K
curtailment for short periods. Demand response operators S slomal

have certified 1.8 GW of curtailment to meet system
requirements during peak periods” and “on the other hand, in accordance with the provisions of the regulatory
framework on the capacity mechanism, electricity suppliers have made transparent the potential curtailment
available to them under their supply contracts. This potential is of the order of 900 MW”. However, these
volumes are generally small versus the size of the French demand and the potential shortfall caused by
exceptionally colder weather. In fact, it should be noted that in a forecast dated Jan. 12, the French TSO had
expected demand would hit 101.6 GW on Jan. 19 (or 7.8 GW above the realized peak).

With the cold spell less severe, France narrowly avoided more costly intrusive measures. If the supply-demand
balance comes under significant strain, RTE can resort to a series of exceptional measures to guarantee the
system’s operational security. As reported “The order of precedence between these actions was also
communicated: (i) the use of interruptibility (aimed at cutting, for remuneration, the power supply of industrial
customers having the ability to stop in less than 5 seconds to prevent a large-scale incident and thus avoid the
shedding of domestic customers), (ii) the 5% voltage drop on the distribution networks (leading to a reduction
in the quality of electricity but avoiding the shedding of customers) and, as a last resort, (iii) rotating load
shedding.”

The table above also offers a comparison between the days with maximum loads in Jan. 2017 vis-a-vis the day
that saw historical maximum load (Feb.8, 2012). Hourly demand at 7 pm on Feb. 8, 2012 was reported to total
101.65 GW (instantaneous load hit 102.098 MW at 19:00), or about 7.95 GW above the maximum reported on
Jan. 20, 2017. While the French system was also strained back then, France could count on larger operational
installed thermal capacities (+3.3 GW of oil units/peakers, together with almost 5 GW of coal, for a total of over
8.3 GW of additional thermal capacity). In addition, nuclear availability in Feb. 2012 was closer to multi-year

4 The table shows demand, generation and flows data aggregated on an hourly basis from the French TSO RTE - Eco2mix
section of the RTE website http://www.rte-france.com/fr/eco2mix/eco2mix, while price data are from EPEX spot SE. We have
kept the interconnector flows with Belgium and Germany combined, as presented by RTE.
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maxima. In fact, nuclear capacity running on Feb. 8 2012 was 3.8 GW higher than Jan. 20, 2017. Lower
availability of the conventional fleet has been in part offset by higher wind (+ 1 GW) and even solar (+0.5 GW).
France eventually resorted to a larger extent from foreign markets back then, with a total of 7.9 GW versus 4.2
GW in Jan. 20, 2017. The generation data for a prior demand spike in 2010 (96.7 GW on Dec. 15, 2010) is not
available with the same resolution, but based on RTE data, hydro generation was considerably higher on Dec.
15, 2010 (16.7 GW against 13.7 GW in both Feb. 2012 and Jan. 2017), while nuclear output was reported at
56.2 GW. Scheduled net imports were reported to be 4 GW on Dec. 15, 2010 hour 19, in line with Jan. 20,
2017. At the time of maximum demand on Dec. 15 2010, France was importing from all countries (1.1 GW
from Germany, 0.6 GW from UK, 0.6 GW from Spain, 0.9 GW from Italy and 1.1 GW from Switzerland), but
Belgium (exports of 0.3 GW). As it can be noticed from the table, France was in a net importing position
during the hours of maximum power demand in January. In their response to the questionnaire, the French
representatives suggest that RTE has introduced temporary extraordinary measures to increase the available
interconnection capacity by derogating from normal operating provisions, in particular those relating to quality
of service. In practice, this has resulted in operating patterns of the system where increasing capacity was
achieved but weakening the quality of the service in certain areas. These derogations were the subject of precise
written documents and instructions to the dispatchers and required a detailed knowledge of the topology of the
network and of the zones that could be weakened during certain periods

An additional exceptional factor this past winter was the coincident emergence of bottlenecks in the
Southeastern part of the French gas network, which could impact the availability and generation of the gas units
located in that zone. As pointed out in a document by the grid operator GRTgaz*®, the residual volumes of
natural gas in the Southeast PITS storage facilities “have reached their lowest levels in the past five years. As a
consequence, depending on the harshness of the temperatures towards the end of winter and if no further LNG
deliveries are made, risks of load shedding may materialise before the end of February”. This strain in the gas
network was mostly the result of weak output out of the Fos-sur-Mer LNG terminal.

As shown in the chart opposite, the daily price settlement of
gas delivered in the TRS/PEG SUD delivery zone surged
relative to the PEG NORD (the delivery zone covering the
rest of the French gas network), clearly reflecting the

Gas Price in Southern France Carrying a Large
Premium on the Northern Price in January 2017

Spot gas prices
(Euro/MWh)

scarcity and bottleneck in the network. As of Jan. 1, 2017, p

TRS/PEG SUD prices were settling at about €3.26/MWh » —PEG Notd —TRS/PEG Sud
above PEG NORD, but that spread reached €11.58/MWh 2

on Jan. 20 and €17.44/MWh. RTE data shows 2.1 GW of 2 pamm T PP
gas units are located in proximity of the Fos-sur-Mer LNG v

terminal, in the Provence-Alps-Cote d’Azur region, which
is within the TRS delivery area (the largest plants being the
Combigolfe, Cycofos and Martigues units). An additional
unit (Bayet, 400 MW) is also located within the TRS
delivery area. As a result of lower send out at the Fos-sur-
Mer LNG terminal and bottlenecks in this delivery area, the
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likelihood of gas supplies interruptions added a further layer of risks for the French power market and system.

15 Bottleneck situations and supply need assessment in the Southeast of France explained, available in:
http://www.grtgaz.com/fileadmin/medias/communiques/2017/EN/Congestion-Sud-Est-EN-26012016.pdf
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The table opposite summarizes the main capacity increases _
implemented by RTE, based on answers by the French (A:g“ggﬁ Taken by France to Increase Import
representatives. The need to increase import capacity was pactty

also due to the partial unavailability of the UK
interconnector IFA — damaged by a large barge in “m“

November 2016 — while the storm Angus made it more Ho-H24 Spain Increase from 1,800 t0 2,050 MW
difficult to repair. The interconnector availability was nerease from 1,800 10 2,050 W
reduced to 1 GW versus a nominal capacity of 2 GW. In the Ho-H24 Spain iHG - H15 and 02500 MW HIS 0

case of Spain, the Spanish TSO had agreed to postpone

maintenance of its network in order to maximize France's
import capacities during the identified periods at risk on the oh-24n Spain Increase from 1,800 to 2,500 MW
supply-demand balance in France.

18h-22h Switzerland Increase from 1,100 to 2,200 MW

18h-22h Switzerland Increase from 1,100 to 1,600 MW

In the context of high demand and relatively lower nuclear SePGioal

availability, a cut of the Net Transfer Capacity toward e

Spain was also deemed necessary by the TSOs to maintain

operation within safety limits. We believe this measure did not interfere with the normal functioning of the
market.

In fact, a closer look of the hourly prices of France and Spain in those days show that the French market was
settling above Spain in the hours of the export capacity curtailment. This is clearly shown in the chart opposite
and suggests that France was considerably tighter than
Spain and, therefore, a cut in the Net Transfer Capacity was
in line with the market dynamics. Even if the NTC capacity =~ France-Spain NTC, Flows and Prices
was not cut, it did not make sense for France to export to (Jan. 14 to Jan. 20)

Spain in those hours, as France was pricing above its €wh == NTC FR = E5 = NTC B = FRt == Fow — FR prios — ES prce. G
counterpart. As a result, the measure implemented was not 180 24 3
distortive of the market nor the flow. I g
The chart in the prior page shows the hourly flows in the o H
broader context (prices and NTC). The price spread France- = . 5
Spain indeed widens significantly in coincidence with the o 8
cut of the Net Transfer Capacity, but this is more the result P -
of market conditions, as France was tighter than Spain. s | 159 | 15dan | t79en | 163en | 199 | 20dam §
Higher French prices reflect scarcity and the need to D s ENTSO.EPysclns S Conmacil g
dispatch more expensive oil units. In fact, the direction of SeP e

Platts

the flows is consistent with the price differential and
electricity correctly flows toward the area with tighter
conditions (e.g. higher prices). In all the hours when the NTC from France to Spain is reduced, France is
importing. In a few hours when France is in a net exporting position, the NTC is not constrained.

The cut to the Net Export Capacity from Italy to France on Jan. 18 and Jan. 19 was the result of tightness
emerging in the Italian system. As reported by ENTSO-E, “huge snowfalls in Central Italy caused the
unplanned outage of three important 380 KV lines, with significant reduction of transfer capacity from South to
North Italy, affecting both energy and reserve” (see also chart opposite). This fact narrowed the already small
reserve margins in the NORD zone, making it more difficult for the TSO to maintain the operation within the
operational security limits.
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The Italian market was already largely coupled with the
French one (see chart below), but the cut of the Italian Net
Transfer Capacity in direction of France was associated
with the emergence of a small price differential (Italian
prices settled above France). This is to say that the market
behaved coherently with the fundamental picture and the
introduced measure. Higher Italian prices appear to suggest
that the Italian system was tighter than the French one at
the time of the introduction of the measure, so in principle a
reduction in the export capacity from Italy would not affect
the flow, which was in the direction of Italy. The measure
would have caused more serious imbalances under different
circumstances, if French demand would have reached the
levels expected a week earlier (101 GW), as this level of
demand would have almost certainly required the Italian
interconnector to switch into a net exporting position in
order to meet the French domestic loads. In the end, French
demand turned out much lower than expectations, as
realized temperatures were considerably above
expectations, so the introduction of a cap on Italian exports
did not materially impact the market dynamics.

Unplanned Outage of Transmission Lines
Tightened the Nord Zone

J Temperatures below
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B R 7 e pa————
Very high peak load
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=
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J Huge snowfalls in central italy
caused the unplanned outage of
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= significant reduction of transfer
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Chapter 3. Lessons Learned

As presented in Chapter 1, the cold spell in January 2017 was extremely severe across Southeastern Europe and,
in a context of lower water levels, TSOs’ ability to balance supply and demand was clearly tested. The adoption
of exceptional measures intrusive to the market was the result of a context where the system flexibility was
substantially reduced.

While the introduction of curtailments to net export capacities was therefore in line with the exceptional
conditions, the extension of such measures in Bulgaria beyond week 3 was more surprising, since the unusual
severity of the winter was limited to the first two weeks of
the year. The chart opposite shows the number of days with Bulaaria: A T t N "
colder temperatures in Bulgaria during January and ulgaria. Average lemperature vs. Norma

: - F 2017-
February 2017. Other than the observations between Jan. 6 January and February 20

-10.0

and Jan. 13 (-9°C below normal), temperatures in the other o0
days were not unusually low. In other words, the measure 06»Jan =>13Jan
was applied across a number of days with significantly g7

-6.0 18-Jan >> 02-Feb
09-Feb >> 14-Feb

different weather conditions. Moreover, the collapse of
Bulgarian day ahead prices well below the other regional

-5.0

-4.0 |15-Jan >> 16-Jan

Temperature (°C

hubs is an unequivocal sign that the unavailability of the >

thermal capacities was not as severe, as the unavailability 20

would have led to a narrowing of the price spreads. W
R R R ; Number of days

As such, a first lesson from this experience is the

importance to continuously assess the need for SEP oD

Platts

extraordinary non-market measures and to search for pro-
market measures, at least on a daily basis, against changing
temperatures and market conditions, with the assessment based on the physical needs of the system dealt by the
TSOs. Except for France and Western Europe, the freezing temperatures and low hydro levels have led to the
introduction of costly measures, but the implementation of such measures could have been confined to certain
days or hours, not weeks. The export curtailments on the
French interconnector represents an intervention limited to French Daily Peak Demand: Forecasts Vs.

short-term horizons (hours to days), with no implications Realized
on the market dynamics. It should be remembered that, as o
of Jan. 11, RTE was expecting French demand would hit ~ || = Viewon Wednesday. Jan 11

View on Thursday, Jan. 12

101 GW on Jan. 19, but the realized peak demand was 10000 || —viewon Frday an. 13

actually much lower, as shown in the chart opposite. While | —vewor e i 0

these forecasts had created serious concern among market e

participants, the decision and implementation of \

extraordinary measures intrusive to the market on a narrow .,
window (D-1) is more ideal as it would take into account

more reliable weather forecasts, without interfering with P00 s tsan tedn  1rdn tdn 1sdan 209 21dan
trad | ng . Data Source: RTE France

S&P Global

In addition, given the high level of interconnection among Pats

the markets within Southeastern Europe, decisions on

export reductions or curtailments have larger implications on a regional scale, hence a stricter cooperation
among TSOs and authorities is absolutely necessary. The French authorities pointed out that daily meetings
were taking place among the 41 grid operators, yet a lack of coordination has nevertheless emerged in
Southeastern Europe. In addition to sharing information - demand/supply forecasts on a national level — TSOs
should jointly develop short-term adequacy forecasts on different time horizons (D-1, D-2 and W-1) for the
entire region. For example, it was indicated that regional forecasts in Europe are developed by the TSOs within
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the CORESO?, in line with ENTSO-E guidelines. This stricter cooperation could be limited to periods when
there are enhanced risks of imbalances, such as winter season, or when specific events occur, such as
exceptionally low hydro levels, or more specific generation losses, such as higher nuclear or thermal
unavailability.

Finally, from a broader perspective, the cold spell of January 2017 — the first major weather event since at least
Feb. 2012 - highlights how the system in several countries has become more vulnerable. The significant
changes occurring on the generation side require the development of even more sophisticated short-term
forecast methodologies, together with the regional mid-term (2-3 years ahead) and seasonal outlooks, with
several detailed sensitivities that take into account of a number of deviations from normal to include the
emergence of extreme conditions. Finally, the cold spell of January 2017 highlighted the need for these
forecasts to be carried out on a regional level and across TSOs.

BCORESO is a voluntary regional cooperation initiative of the TSOs in Europe. It aims at helping TSOs ensure security of supply on
aregional level by possibly acting, in the future, as a Regional Security Coordinator. CORESO has a coordination function in
cooperation with TSOs while the TSOs remain responsible for operation at national level. CORESO was informed of the risk of
tightness in France by mid October 2016 and therefore asked the French TSO (RTE) for further information and followed the
development of the situation from a general regional perspective.
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