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EXECUTIVE SUMMARY

Thisstudyrelatesto the functioning and price evolution of the Belgian wholesale electricity market in
2016. The electricity market is one in which energy is bought and sold before being supplied to end
customers, whether private individuals or professionals.

For a betterunderstanding of the evolution of these markets in 2016, a longer period, from 2007 to
2016, and referred to as the "period under review", is often taken into consideration isttioky.

An assessment of the Belgian wholesale electricity market in 2016 cannot be made without taking into
account all of the 'incidents' which occurred within nuclear installations over the period 2012 to 2015.

As such, Belgium has become structurally dependerits imports. In this context, various measures

were taken in 2014 and in 2015, including the creation of a strategic reserve in 2014, whose resources
GSNBE FAdNIKSNI a0NBY3IJGKSYSR AY HamMpZ YR GKS AyidNE
evert of a structural deficit.

In 2016, the landscape changed, with a strong increase in elecgaitgrationfrom nuclear sources,
and a corresponding strong reduction in electricity imports compared with the previous year.

l. Electricity Grid Load

Electricity consumptionin the Elia control area amounted to 77.3 TWh2016, which was a leap year,
in other words a similar level to that of 2014 and 2015. Over the last three yebstricity
consumption has been at the lowest level during the period undeviev. In general, the CREG has
observed a downwards trend in electricity consumption for several years, and espetidiey peak
demandwhich amounted to 12,734 MW in 2016.

Uncontrollable decentralisedjeneration including generation ofsolar panels, isonsidered as
negative consumption by the CRH®e impact otthe generationby solar panels on consumption is
significantbut has stagnated over the last three years. In 2@k, generatiorreached 2.9 TWh, an
identical level to that of 2014. On thela#r hand, windyenerationhas been covered this year in the
chapter ongeneration

Il. Generation

Theinstalled capacityconnected to the Elia grid amounted to 14 GW, which represents a small
decrease compared to 2015. Nuclear plants and gas fired plants account for more than 70% of the
installed capacity in Belgium. In 2016, the last coal unit was shut down.

Electricity gaeration of units connected to the Elia grid amounted to almost 70 TWh compared to 55
TWh in 2015. Thisignificantincrease ir016is mainlydue to a better availability of nuclear plants.

[I. Electricity trading

Yearly averageday-ahead wholesale electrity priceshave decreased to thelowest levelsince the
liberalisation of the electricity market. At36 e ka2 KX St SOGUNROAGE oK2f Sal f ¢
Y2NB GKI Yy imreal termad #.7% since 2007. Almost 60% of the time, dayead
wholSal £ S St SOUNROAGE LINAOS&E KI @S FfdzOddz2 SR 0SS

L A difference of 0.3TWh witliablel is due to consumption in pumping mode, infEBO flows and production correction.
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the Netherlands, and Germany. Commodity prices of codlgas seem to be one of the significant

drivers of this trend, while outages of nuclear power plants in Belgium and France during the last
quarter of 2016 seem to have limited further reductions in prices.

Although markets are more closely coupléd| price convergence in the CWiegion was achieved

for 35% of the timewhile full price divergence reached 50®oughly half of the hours with full price

divergence are caused YA T F SNBy OSa 2 F betwden dhe Belgihnybidding zoreaafdFat

least ane of the other bidding zones in the C\égionL 3y 2 NAy 3 RAFFSNBy OSa 27F f ¢
frequency of price convergence becomes 39% while the frequency of price divergence lowers to 28%.

The high frequency of divergence is also caused by nucleagesiduring the last quarter of 2016.

Trade on the Belpex spot market has decreased following the availability of nuclear poweriplants
Belgium. This resulted in a higher supply on the Belpex market pushing out more expensive imports
from abroad. Therefore, the value of all traded contracts on Belpex decreased, in 2016, to comparable
levelswith the period2012 to 2014.

Yearly averageimtraday wholesale electricity pricegept theirconvergencavith the yearly averaged
day-ahead wholesale electricity pricem 2016. On an hourly basis, relatively large price differences
between the two values occurs, providing opportunities for flexibhits. Most of the trade on the
intraday market of Belpex has a crdswrder leg, meaning that electricitis exchangedvith a
counterparty located in another bidding zoneThe yearly traded volume on the intraday market
exceeded 1 TWh for the first timgnce the observations.

Yearly averagelbng-term wholesale electricity prices continued to decrease2016, indicating that
in 2017 the yearly averaged dayead wholesale electricity pricase expected to be lower than the
values observed in 2016. Theeduction in longterm electricity prices is however not observed when
looking at monthly averaged prices: the price of all considered-terrg wholesale energy products
at the end of 2016 was higher than at the beginning of the year. Bothrrencesare also observed
in the French, Dutch, and German bidding zones.

V. Interconnections

Efficient use of transmission network capacity is crucialleribtegration ofthe energy marketand

the realisation ofa EuropeanSingle Energy Market.Improving and harmonizing the design of
congestion management methodologies for market coupling is high on the European agenda. The
Capacity Allocation and Congestion Managem@nACM)Guidelines developed at European level,
stipulates the design requirements aglas the process towardbeir effective implementationThe

CACM Guideline proposes Flow Based Market Coupling (FBMC) as congestion management method
for crosszonal trade, combined with adequately defined bidding zones.

The Central West European (CW&Dion is the first European region to have implementMC In

May 2015, FBMC werive for the CWE dawhead market coupling, replacing the former ATC
method. Intraday market coupling is still based on the Aii€hod, although the implementationof

FBMCfor CWE intraday nticipated for theendof 2017. Within the CACM Guideline, the focsisifts

from CWE towards the CORE level which integrates both Central West and Central East Europe (CWE
+ CEE). The development and implementation of FBMEe leel of the CORE regionusdemway,

both for the dayahead and the intraday market, as well as a flow based calculation of the long term
transmission rights.

The performancevaluation of the first 5 yearsof CWE dayahead FBM®Gperation presented irthis
monitoring report revealsboth strengths and weaknesses of the current design and implementation
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of FBMCOn the one hand, with FBMC, crdssrder commercial exchange (including both ddyead
and longterm), has reachediolumesof up to 8829 MW, fa above the maximum of,023 MW
recorded with ATGn 2012 Therefore since the introduction of FBM@aximum values for transit
flows through Belgium and for physical flows on the Northern and Southern Belgian $baderbeen
recorded.On the other handtherewasa significant amount of congested hours with very low CWE
crosszonal volumesThe 10% percentile with FBMC wa312 MW compared to 351 MW with ATC.

In 2016, he average CWE crogsnal exchange during congested hoansounted t03,793MW. This

is the lowest value in 5 years, with averages in 2012 to 2015 being in the ran§2®MW and 6£34
MW.

Themain reason for the observed reduction of crassal trade during congested houiss due to
network constraints. With the current FBBdesigntransmission lines inside a bidding zone and which
are close to congestion because of domestic trade, can be introduced in thezomess FBMC
mechanism. I’55% of the congested hours, creasnal trade was limited by internal lingseloaded

by physical flows arising from domestic tradéaving less than 12% of their thermal line capacity
availablefor crosszonal trade The inefficiency of this approach is reflected in the associated shadow
prices of more tharl53€e k a.?Ascalculated by CWE ©S thishas halved the potential social welfare
gain which could be realized with FBMC compared to A€.impact of these network constraints
hasbeen so large, thahe LTAinclusion patch had to be applied almost 70%heftime. LTAinclusion
ensuresthat volumes exchanged in dahead are large enough to remunerate holders of long term
transmission rights. In other wordi,wasthe longterm allocated transmission rightghich assured
that a minimum amount of capacity wasade availabldéor the day-aheadmarket coupling.

For reasons of efficiency, naliscrimination competitivenessand security of supply, the observed
flaws in theCWEFBMC designeedto be addressecs soon as possibteand the lessons learned
integrated in the design of the FBMC for the ddyead and intraday market coupling e CORE
region.

V. Balancing

For 2016minimum control capacitie® contractwere eqtvalentto 73 MW for FCR, 140 MW faFRR
and 770 MW for mFRR.

Since the transition to the marginal price to balance tariffs in 2012, the average tariff for positive
imbalances is very close to that of the negative imbalances, the difference between the two being the
average incentive. For éfirst time since 2012, tteetwo averagdariffs were lowe than the average

price of Belpex DANh 2016 Although the volatility of the imbalance tariffs increased considerably in
2015 (more than the price volatility of Belpex DAM), volatility in 204€&ehsedor imbalance tariffs

and continued to rise for the Belpex DAM prittawever, loth volatilities, expressed relative to the
average, continugto increase in 2016.

Again in2016, total energy obalancingproducts activated (excluding IGCC exchanges) deatdnse
18% compared to 2015, to 0.64 TWh.

Activated volumes ofertiary reservescontracted and intefTSO reserves remad negligible. They
include demaneside participation,but the CREG believes that great potential of demandide
participation remains unexploited.

Activations of ICH products are rarend the volumes interrupted, as well as the number of such
events are rather low. Tieseproducts will nolongerbe proposedin 2018.
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While the sharef automatic control (IGCC & aFRR) decreased slightly in 26a6tiftued to increase
in 2016, as has been the case since 2012.
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INTRODUCTION

In this study, the COMMISSION FOR ELECTRICITY AND GAS REGULATION (CREG) examines th
functioning and price evolution of the Belgian wholesale electricity market over the period 1 January
to 31 December 2016. The CREG has carried out a sitoitiyrevery year since 2007.

The aim of thesstudiesis to inform all stakeholders about important aspects of the Belgian electricity
market, in particular electricity consumptiogeneration electricity trading on electricity exchanges,
interconnections with foreig countries, andalancing

To the extent possible, the historical background of the last 10 years {20085) is provided. 2007 is
included in thisstudy since it predates the economic and financial crises of the pestutied As
such, the reader wilbe able to understand the evolution of the wholesale electricity market more
easily.

Thisstudyincludes 5 chapters

1.  the I'chapter examines electricity consumption

2 the 2" chapter scrutinises electricityenerationmore specifically

3. the 3%chapter covers electricity trading on markets

4 the 4" chapter analyses the interconnections between Belgium and its neighbouring countries;
5 the 5" and final chapter coversalancing

AnExecutive Summaprecedes these five chapters. Several dosions will also be made at the end
of the study. At the end of the document, the reader will find a glossary, the main abbreviations used
in the study, a list of the works quoted, and a list of the figures and tables used throughostubg

The Exedive Committee of the CREG approved the pressntly at its meeting 0f28 September
2017.
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FUNCTIONING OF THE WHOLESALE ELECTRICITY MARK]

1. PRELIMINARNOTE

o] The energy market

1.  The electricity market does not evolve in isolation, and various parameters have an impact on it
to varying degrees. Over the period 1 January 2007 until 31 December 2016, the "energy world"
evolved considerably. For example, Figure 1 below shows the odtesiderable changes in the prices

of three of the most important types of energy.
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o] The Belgian electricity market

2. The CREG has received almost all the’datduded in thisstudyfrom the transmission system
operator (hereinafter referred to as the GRT and/or Elia) and the Belpex exchange; it then processed
the data ty occasionally incorporating supplementary information, but indicating each time the source
of the data and the calculations made, below the tables and figures.

2 The data communicated are the data which were available at the time the study was published. These data may vary from
previous studiessince theyare often estimates, and some data may even be the subject of corrections in later years.

3 Theprinciple ertaining to the extension of the Doel 1 & 2 power stations was approved by the law of 28 June 2015
amending the law of 31 January 2003 on the gradual phamimgf nuclear energy for industrial electricigeneration
purposes, in order to guarantee seiyrof supply for energy (Belgian Official Journal of 6 July 2015).
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3.  The presentstudy relates to the functioning and price evolution of the Belgian wholesale
electricity market in 2016. The wholesale market represents the electricity market in which purchases
and sales of energy are traded before being supplied tocerstbmers whether private individuals or
companies. Although it is part of the wholesale markbe ©verTheCounter(OTC) market was not
examined as part of the presestudy.

Tablel andFigure2 below give an overall view of the Belgian electricity market.
o] The energyalance of the electricity market between 2007 and 2016

4.  The energy balance of the Elia network showitablel provides an overview (GWh) per year
over the period 2007 to 2016

1 of gross physical flows of imports and exports per country

9 of the load on the Elia network and its losses

9 of injections into the Elia network in Belgium by connected power stations (including pumped
storage stations), and net injections from distribution networks and Igeakration(>30 kV);

9 of the equilibrium balance if ‘consumptiemet injections' areadded to ‘exports imports'.

Statistical differences appear to exist between this energy balance and some of the figures included in
the study, since, depending on the subject in question, certain data are aggregated or not at a given
moment, such as foexample the inclusion or not of pumped storage stations in the data, or network
losses. The definition of the 'load on the Elia network' at the bottom of the page in cHadectricity
GridLoad is another example. To the extent possible, the statistical differences shown in the same
title will be defined and/or justified.
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For the period studied, 2016 was characterised by

1 net imports of 6,183 GWh, a reduction of 70.6% compawét the record year of 2015. This
evolution can be explained by a 38.2% reduction of gross imports, and a 211.5% increase in
exports

1 the three neighbouring countries (FR, NL and LU), the Netherlands is the only net exporter
country to Belgium

1 netinjections of 72.9 TWh

1 Elia grid load77.7TWh) at a similar level to the two previous years, under the weighowf
distribution offset by a slight, but regular for three years, increase in electricity consumption by
direct customers connected to thelia network.

5.  As was the case in 2014 and 2015, the balance of the Belgian wholesale electricity market in
2016 cannot be drawn up without the backdrop of the Belgian nuclear fleet issue. Although in 2014
and 2015, long and frequent stoppages in nucleawgiostations were an essential factor in explaining

the disruption to Belgian electricitgeneration 2016 is characterised on the other hand by the
restarting and extensicrof many of these powestations.

0 The wholesale electricity market in 2016

6. Figure2 provides an overviewfor every working day in 20160f the evolution of the daily
averages (MW and C°) of

1 the load on the Elia network (dabitue line);

9 generationcapacity (blue line)

1 net physicaimport flows (red line)

1 electricitygenerationfrom nuclear power stations (yellow ling)

1 the equivalent temperaturé(dotted green line).

% The principle mrtaining to the extension of the Doel 1 & 2 power stations was approved by the law of 28 June 2015
amending the law of 31 January 2003 on the gradual phasimgf nuclear energy for industrial electriciteneration
purposes, in order to guarantee seiyrof supply for energy (Belgian Official Journal of 6 July 2015).

“The equivalent daily temperature is obtained by adding 60% of the average temperature of Day X to 30% of the temperature
of Day Xl, and by adding this result to 10% of the temperaturef day X2 (source
http://www.aardgas.be/professioneel/oveaardgas/nieuwsen-publicaties/graaddagen).
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Figure2: Evolution of the daily average consumption (dark blue), total generation capacity (light blue), nuclear energy

generated(yellow), net import volumes (red) and daily equivalent temperature (green) for all working days of 2016

Sources : CREG and Elia
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7. 2016showed some significant evolutions compared to 2015, as reflectegjure2 above. This
graph shows the interaction between the available domestic generation facilities (light blue), the grid
load (dark blue), nucleageneration (yellow), net import flows (red) andhé equivalent daily
temperature (green) for all working daysf 2016.

While Belgiargenerationunits generally suffice to cover domestic demand (i.e. the grid load), some
days in September, October atite end of November show that Belgian generation sio®tentirely

cover the grid load. On these days, there is more intensive use of the interconnection facilities with
higher import flows.

We note that the grid load is highest in January, on average, as well as in November and December.
The highest gritbad (11208 MW) wasecorded orn20 January 2016. This was, not coincidentally, the
coldest day of the year with an equivalent temperature-&B°C. This negative correlation between

the grid load and the temperature will be furthlighlightedlater in this study. Fortunately the full
availability of nucleagenerationunits ensured that domestigower stationsvere largely sufficient to

cover demand; so no high reliability on imported electricity wabservedon that day.

When we look at the day withhe lowest grid load (i.e. 24 July, wittb86 MW), we see that the
generationmix consists of mostly nuclegeneration(70%) and net impost arenegative: 5% of the
total grid load is exported taeighbouringcountries.

On 16 October 2016, webservedthe lowest nucleargeneration due to low availability of the
reactors: only 33% of Belgiagenerationwas based on nuclegsower stations To putthis into
perspective, the average nuclegenerationover the entire year 2015 alsequalled33%. On 16
Ociober, thereducedavailability of nuclear reactors in combination with an average grid load, caused
gasfired power stationgo run significantly more (i.e. 33% of total generation as opposed to the yearly
average of only 24%) and tleentrol area relied nore heavily on import flows (19%; yearly average is
9%).

>Weekends and holidays are omitted as these typically show lower grid usage. Only focusing on working days improves the
legibility of the data.
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2. H ECTRICITBRID LOAD

2.1 HISTORCAL BACKGROUNSBIGNIFICANEVENTS

2008
o eruption of the financial crisis
2012
0 February 2012 cold spell in Frarared Belgium

2.2. SPECIAL TOPIMPACT OF MASS RODUCTIONDF ELECTRIC
VEHICLES

8. In 2014 there were 56 million passenger cars in Belgiurm total, they drove 83.9 billion
kilometres or on average about X®)0kilometresper car per year, or on average 41 kilomest per
car per day.

9. In 2016, there were 868 ekctric passengecars in Belgium or less than08% ofthe total
number ofpassenger cars. Although electric cars are still a rarity, many big car companies seem to be
betting on the mass introduction of electric passenger Garthe near future This wi have an impact

on the wholesale electricity market. The speed of this mass introducéind whether it will occuiis

difficult to predict.

10. Inthis special topic, we briefly anaéythe impact of such a mass introduction of electric vehicles
in Belgiumon the electrigty consumption and on theupplyneeds.

2.2.1. Characteristics of the Electrieassenger Car

11. The typical electric passenger car is assumed to hovattery storage capacitgf 50 kwh. This
is probably arunderestimae of the real capacity fofuture electric passenger cars, since the aofst
batteriescontinues to falland theO | Id&ofomycontinues toincrea. It is safe to assume several
cars on the market will have an autonomy above 300 km.

12.  With regardsto electric consumption, the VABssume®.15 kWh/kn?. However, other sources
indicatethat the real individual consumption tEgher. So, we assume a substantial higher eilect

6 Data on passenger cars in Belgium from FOD Economie
http://statbel.fgov.be/nl/statistieken/cijfers/verkeer vervoer/verkeer/voertuigpark/

" Thierry van Karthe president of Febiac, the Belgian Federatiomofomobileand Motorcycle Industries, said he expects
around20% of car sales in Belgiumbe electric cas in 2020the equivalent 0fL00,000 vehicles per yeatDe Tijd, 20 June
2017 ,http://www.tijd.be/ondernemen/auto/Voorzitter-autolobbyTijd-vande-petrol-is-voorbij/9905799.

8 https://www.vab.be/nl/nieuws/2016/8/10/kostelektrischrijden
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consumption of ®0 kWh/kni. Theaveragedaily electric consumption per cérthen 0.20 kWh/km *
41 km = & kWh.

Typical electric passenger car
Usable battery storage 50(kwh
Electric consumption 0.20kWh/km
Distance driven 15,00Q0km/year

Table2: Characteristics of gypical electric passenger car
Sources VABand CREG

13. With these characteristics, it is easy to calculate #uglitional electricity consumption and
battery storage capacity when the useadéctricpassengecarsincreases sharply. The following table
showsthis impact for different numbeyof electric cars.

: total yearly % of total : total "free"
number of | distance . . total daily storage
. consumption by| electricity X ’ storage
cars driven . . | consumption| capacity ‘
electric cars | consumption capacity
billion km TWh % GWh GWh GWh
100,000 1.5 0.3 0.4% 0.8 5.0 4.2
250,000 3.8 0.8 0.9% 2.1 12.5 10.4
500,000 7.5 1.5 1.99% 4.1 25.0 20.9
1,000,000 15.0 3.0 3.8% 8.2 50.0 41.8
2,000,00( 30.0 6.0 7.5% 16.4 100.0 83.6
5,000,00( 75.0) 15.0 18.8% 41.1 250.0 208.9

Table3: Bectricity consumption and battery storagapacitydepending on the number of electnrassengecar
Source : CREG

14. Given the annual electricity consumption of around 80 TWh, it is clear that even with one million
cars, the impact on total consumption is small: an increase by 3 TWh or a little less than 4%. Only when
several million cars become eleict will there be a significant impact on electricity consumption.

15.  On the contrary, the relative impact on the storage capacity within Belgium becomes significant,
even with a relatively smatiumber of electric cars. The current storage capacity in B®lgs about 6

GWHh?. Already 10@O00 electric cars with a capacity of 50 kWh each will increase this by 5 GWh, or
almost double the existing storage capacity. Of course, part of this capacity will be used for driving
purposes. But since the storage capacity of each car is much highethinaverage daily need for
driving, most of the storage capacity with averagey 2 i 06 S dzaSR F2NJ RNA Ay 3
the electricity market. With a battery storage of 50 kWh and an average daily consumption of less than
10 kWh, the averagé T NBE S ¢ & (i 2chid-behtre han 18D A tdtad storage capacity.

16. ¢KAa GFNBS¢E OFLIOAdGe OFly 06S dzaSR G2 RSt AODGSNI

market, by buying, storing and selling electricity. This imitiasthe electric cacan also supply power
to the grid (the seD I £ f S R-todAMI KR DEDS

17. Importantly, also without supplying power to the grid, an electric car can deliver services to the
grid or arbitrage on the wholesale market by not charging the battery during the day wtices are

9 A consumption in the range of 0.4622 kwh/km will not significantly change the conclusions.
10 Mostly pumpedhydro-storage Coo and PlateTaille.
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generally higher and postpone thisitil nighttime or weekends when prices are generally lowBre
time of charging is crucial.

2.2.2. Electricity Demand vs Supply Capacity

18. Since electric cars can store electricity, their electricity offtake filmengrid can be planned. In
this section itwill be demonstratedhat well-timed battery charging could avoid the need for any
additionalsupplycapacity, even when there are a million electric cars on Belgian roads.

19. Good timing meanghat the battery ofthe electric car is charged when electricdgmandis
lower than maximal supply capacity. On average, this mdatcharging does not occur during peak
hours in the morning and the eveningiving the current situatianThe figure below shows a typical
working day during January 2016. It is clémat it is possible to consume or store additional electricity
at night, in the afternoon and the late evening.
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Figure3: Hectricitydemandduring a typical working day Januar2016
Sources : CREG and Elia

20. In this section, the maximal supply capacityoisghly estimatecas themaximum grid demand
as measured by Elia during 20btnus 1,000 MW Since some supply capacity is endigyted, like
demand response andumpedstorage, we subtract, 000 MW from themaximum grid demand to
determine a rough estimate of thenaximal supply capacity which is assunmed to be limited in
energy. For 2016, thmaximum grid demanavas 12734 MW. The marmal supply capacity is time
12,734MW ¢ 1,000MW =11734 MW. So it is asmed that in 2016 there was /B4 MWof supply
capacity in Belgium that was not limited by energis is generation capacity and import capacity
combined.

21. The CREG is aware this is a sstiplapproach b calculate the maximal supply capacity, but
given the results below, it is a good enough approach in this context.
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22.

Based on the gridemand(per quarterhour) andthe maximal supply capacity (B4 MW in

2016), itis possible to calculate the additional electricity that could have sagpliedon a daily basis
in 2016 without surpassing the maximal supply capacity. The figure below gives this result for each day
of 2016:

tKS 2 NI y3ISt (1100p&7.00acyeA0dYK (G KS RFEAf @ FTRRAGAZ2YI €
suppliedduring night (from11.00pmto 7.00amn), without surpassing the maximal supply

capacity;

tKS o0f dzS +yAFRI6aRI@KS RIAf & | Bupplididusngihetlay, St S Ol NJ
without surpassing the maximal supply capacity

three horizontal linesréd, turquoise green): the daily average consumption of 1, 2 or 5

million electric cars (8.2, 16.4 and 41.1 GWh respectively)
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Figured: additional electricity that can be supplied during night/day compareeverage dailyelectricity consumption for
1, 2 and 5 million electripassengecars
Sources : CREG and Elia

23.

The figure shows that theed line is below the orange one, which meahstthe average daily

consumption of 1 milliorelectriccars can be generated layailablesupply capacity during the night.
Eventhe batteries of2 million electric cars could almost always be charged during the night with
existing supply capacity, except some days during winté€t Only when 5 milliorlectriccars are on

1 Even during theseays, it could be possiblet to surpass the maximal supply capacity by chartgag during some critical
nights and using the whole capacity of the 50 kWh car battery for driving purposes.
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Belgian roads, it is cledéinat charging should also be done during the day, which means additional
charging infrastructure. During winter, there are several days where existing soaphcity, as
defined in this analysis, will not be sufficient to charge all 5 million electric cars. For more than one or
two million electric cars, a more sophisticated approach for calculating the maximal supply capacity is
needed.

24. Of course, even witsmart charging, some electric cars will be charged during traditional peak
hours, mostly in the evening. But this additional peeknandcould be supplied by other electric cars
AY I GoANKRARGE Sr2 Rdza @

2.2.3. Conclusion

25. Although this simulation uses an average daily consumption of electricity for driving purposes,
which simplifies real consumption and driving patterns, the important conclusion of this simulation is
that even with one million electric cars, we are far frerteeding the maximal supply capacity during
the night.

26. This means that a massive introduction of aner even twog million electric passenger cars in
Belgium will not decrease security of supply, on the condition that electric cars are chiardad

time. On the contrary, by consuming more during-péak hours the running hours of generation
capacity will increase, thereby increasing their profitability and possibly even attracting new
investment.

27. On top of that, everat a fairly modest introductin, the electric cars coulthemselvesecome
a supply source because of the incsed storage capacity: only 1000 electric passenger cars would
in theoryalmost double the existing electricity storage capacity in Belgium.

28. There is one crucial conditidar the above conclusions to hold: electric cars should be charged
in due time.In this simulation, we looked aemandlevels toconclude thathe electric car should not

be charged during peak hours, but e.g. during the night. Of conmsee effectiveare the price signals

on spot marketsvhich will provide the best informationregardingwhen to charge electric carés

such for a smooth and efficient mass introduction of electric cars, electricity consumption for charging
car batteries needs to be il per hour or quartehour. If this is the case, electric cars will not
jeopardize security of supply, but they will improve it, along with improving market functioning.

2.3. STATISTICS
2.3.1. Evolution ofthe Grid Load

At the European level

29. Figure5 illustrates the hourly electricity demandpeak fom 2011to 2016 for Belgium and its
bordering countriesln the Netherlands and United Kingddime demandpeaksin 2015 and 201énd
up higher than in 2011For France, Germany and Belgium, on the other hahd,demandpeaks in
2015 and 2016 are lower than in 201hidbearish trend observed is confirmguaore particularly for
Belgium (96% in 2018)ithin the framework of this study.
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Figure5 : Evolution of thehourly electricitydemandpeak(max hour/yearfrom 2011 to 2016 for Belgium and its bordering
countries
Sources: CREGENTSOE

At the Belgian level

30. This chapteanalyseghe evolution of theEliagrid load®, basedon data provided by th& SO.
Since this grid load does not take into accoustgnificantpart of the distributed generationt is not
equal tothe total electricity consumptionof Belgium However this selected approach gives a good
idea ofhow theelectricitymarketworks. Figure6 give an overview of no consumes electricity coming
from the producers and the net iports in 2016

2 Some definitions and parameted$ grid loadbetween countries maglightly differ but the general trend per country is
valid.

2 The Eliagrid load is a calculation based on injections of electrical energy into the Elia grid. It incorporates the measured
net generation of the (local) power stationisat inject power into the grid at a voltage of at least 30 kV and the balance of
imports and exports. Generation facilities that are connected at a voltage of less than 30 kV in the distribution netevorks ar
only included if a net injection into the Eliddyis being measured. The energy needed to pump water into the storage tanks
of the pumpstorage power stations connected to the Elia grid is deducted from the total.

Decentralised generation that injects power at a voltage less than 30 kV into theuligm networks is not entirely included

in the Eliagrid load. The significance of this last segment has steadily increased during the last years. Therefore Elia decided
to complete its publication with a forecast of the total Belgian electrical load.

TheEliagrid comprises networks of at least 30 kV in Belgium plus the Sotel/Twinerg grid in the south of Luxe(Suoouog:
http://www.elia.be/en/qgrid-data/Loadand-LoadForecasts/Eli@rid-load).
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Figure6 : Who consumes electricity coming from the producers and the net imports in 2016
Sources: Elia, Synergrid and CREG

31. ThekElia grid load* amounted to 77.3 TWh in 2016, at a level similar to that of the previous
year, in other wordsa low level for the period under review. This illustrated inFigure7 by the
monotoniccurvesof the Elia grid loadTresecurvesrepresent theElia grid loagver the last 10 years
For each yearhe averageelectricitydemand over fifteen minuténtervalsis classified in decreasing
order. On the X-axis,the 8,760° hourscomprisingone yearare shown in 15 minute intervalandon
the Y-axis,the electricty demandis shown expressed in MW.

32.  On average, thpeak demandver 2007-2016 was slightly lower than 13,500 MWijth 2007
havingexperienced lhe highestpeak 0f14,033 MW. Since 2014, the floor of 13,500 Mi¥s been
broken in other wordsa higherdeviation than 1,300 MW compared to 2007. meet peakdemand
it is necessary to iplement significant resourcesor provide substantialelectricity for very
discontinuous short periods of timi other wordson average for the studied period approximately
1,600 MW (1,710 MW in 2016) during 400 hours (4.6%efime), of which appoximately 1,000 MW
during 100 hours or approximately 1,300 MW during 200 hours.

Y The variations observed between the estimates of consumption of electricity of Synergrid armdegtismarily dueo the

fact that (most of) the generation connected to the distribution grids and the losses of netwotkkd® 5{ hQa | NB y2 i
into account in the statement of electricity forwarding only by the Elia network.

15 A difference of 0.3TWh witfiablel is due to consumption in pumping mode, infE80 flows and production correction.

6 More 24 hours in 2008, 2012 and 2016 because they are three leap years.
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Figure7: Monotonic curves of thé&lia grid loadluring2007 to 2016
Source: Elia, CREG

33. The averagelectricitydemandbetween 2007 and 201#%as 9,366 MW (8,799 MW in 2016).
The baseload can be estimated over the same period, on aveshgiatlyless than 6,000 MW during
the 8,760 hours of the year.

34. Figure8illustrates year per yearthe evolution of generation, the nemnports and the Elia grid
load- losses includedaccording to data presented aiblel. Table4 shows the total electrity grid
load over the period2007 to 2016, as well as the maximum and mummelectriaty demands during
these years. On the whole in 2016, the Blia loadamounted to 77.3 TWh, similarlevelto 2014
and 2015. Baring in mind thaR016 isaleap year, it is proportionallthe lowest levelof the last10
years.To explain this decrease, in addition to #seonomic situation, technical evolutionsgarding
amore rational use of energy and the increasing importancgisifibuted generationincluding
electricitygenerated by solgpanels and windmillsare important factorsn particulat
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Source: Elia, CREG

Consumption 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 [ 2014 | 2015 | 2016

Total (TWh) 88.60 87.8 816 86.5 833 817 805 77.2 77.2 77.3
Maximum Power Demand (MW) | 14,033 13,431 13,513 13,845 13,201 13,369 13,385 12,739 12,634 12,734
Minimum Power Demand(MW) 6,378 6,330 5,895 6,278 6,237 5845 5922 5,889 5529 5,439

Baseload (TWh) 55.9 55.6 51.6 55.0 54.6 51.3 51.9 51.6 48.4) 47.8
% Baseload (energy) 63% 63% 63% 649 66% 63% 649% 67% 63% 62%
% Baseload (power min/max) 4599 A47% < 44% 4594 47% 4494 449 469  44% 43%

Table4: Elia grid loadTWh) and powedemands(MW ¢ 1/4h) between 2007 and 2016
Source: Elia, CREG

The maximum powedemandamountedto 12,734 MW in 201G slight rise compared to the previous
year whichwitnessedhe lowest level of the studied period. The minim powerdemandin 2016 was
5,438 MWi,in other words the lowest level of the period under revieWs for he grid baseloadthis
roseto 478 TWH', or 618% of the total intakethe lowestlevelof the lastl0 years.

35. Figure9illustrates the evolution of the annual averagedamaximum powedemandin the Elia
controlarea, as a trend lineThe figure shows that the average demand has decreasedbyigiibout
1.5% per yeasince 2007. More important is the continuous decrease of Jpéftyearon average of
the maximumdemandbetween 2007 and 2016. The maximuwlemandin 2016wasslightly higher
thanin 2015,the lowestof the 10 yearsanalysed All in all, the bearishrénd continues in spite of the
fact that the weather conditions observed in 2016 (2,330 degiags®) worsenedcompared to those
of 2014 (1,828 degredays) and of 2015 (2,112 degrdays). Compared to the normal degrdays

" Minimum Power Demand (5,438 MW},784(366 days * 24 hourg)1,000,000 = 47.8 TWh.
18 Sourcehttp://www.synergrid.be/index.cfm?PagelD=17601&lanquage _code=FRA
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(average over 30 years), 201G aractersed by a rise of 1.3% whereas the two previous years were
respectively 20.6% and 8.2% lower thae tiverage.
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Figure9 : Evolution of the average and maximat@mand(MW) in the Eli@ontrolareaand theirtrend curves over the period
2007-2016
Sources : ElandCREG

36. Figurel0showsin more detail the evolution of the electricifemandin the Eliacontrol area
overthe 10 last yeard-our levels areshownhere:

- the highestlevel(blue line-& Y E/ | LI O T

- 100 hoursafter the highest levelarangeline-& / | LXXKMnné o T

- 200 hours after the highest levek@line-a / | LIXKH AN € 0T

- 400 hours after the highest levaldrk blueline-& / I LXXKnnné¢ 0 @

Until 2014, all therendsobserved were increasingly negative over the yeaeppears thathe lower
the level of theelectricitydemand,the more the negativerend grew, andthe less the variation of this
trend was pronouncedhe more thepredictiveindex(R?) increasd. The fall of théhour 100 demand
levelwas estimated at 1.2% on average per year. Since 2014, the bearish teidentgrked a stage
of consolidation.

The annual difference between theghestlevel ofelectricitydemandé & Y E/ | L 0 | YR
100 level 6 & / | LIX Kluctoates hetween 900and 1,300 MW. In other words, ithmeans that
additionalpower of only + 1,100 MW is necessafyr less than 100 hours tmeet the peakdemand

For the followindlOOK 2 dzZNJB 0 & / slightlyKeretttmaa 20@ MWvas added For the 400 hours

0 &/ I LIX rondey ofthedime, it wasnecessary taely on average on 1,600 MW, or 12.0% of the
peakdemand(13.7% for 2016).
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FigurelO: Evolution of thedemandlevels classified within the Elentrol area(MW) for 20072016 (for thehigher¥s hour,
hour 100, hour 200 and hour 400), like thignd curve
Sources : EliandCREG

37. With regards to the Elieontrol area the figuresndicatedabove were notadjustedto take the
temperature andmost of)the distributed generation into aceint. Forthe peakdemand greaterprice
elasticity was observed by the CREfBcemajor consumers reduce thetlemandwhen prices are
high.In any casethe CREG wonders to whexttent the evolutions observedbove are structurabr
not, or whether theyare dependenton the economic situationneteorologicakircumstances or other
reasons. In other words, will the downward trend of theak demandand the consumption of
eledricity continue, for examplelue toeconomic growth? In order to be able to angwvtleis question
with more certainty, a thorough analysis would be necessary. However, such an aisddgsisndthe
scopeof thismonitoringreport.

2.3.2. Hectricity Demandaccording to Meteorological Conditions

38. Figurell showsthe averageelectricity demandper month The shape of the curves gives an
important indication of the seasonal effects electricityconsumption. During the winter months, the
averageelectricity demandis appreciably higher (up to 2,000 MW) thiarthe summer months.
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Figurell: Average monthlelectricitydemandin the Eliacontrol areabetween 2007 an@016
Sources : Elia and CREG

39. Figurel?2 represents for all working dayf 2016, the average daily values for the estimated
total demand of Belgium antthe Elia grid demand (split into the net demand of distribution grids (<
30 kV) and the demand directly connected to the-glid), in relation to the equivalent temperatuire

In general, all the represented demand levels show a clearly negative reiatibe temperature.

40. The explanatory power of the linear regressioaf the demand in relation tdhe temperature
isquite high (R2=@113) This is mostly due to thexplanatory powebf the demand of thedistribution
grids(R2=06420). A decrease of the equivalent temperatung1°C leads to an increase of the average
dailydemandof approximately 125 MW. Of this 125 MW increase, a large part (i.e. 105i8/\g to
the behaviour of the demand dahe distribution grids. This can betiitively explained by electric
heating used for residential purposesin contrast, for the same temperature droglemand by
industrial consumers directly connected to tRéagrid direct demandElia grid only increaseby 20
MW. Industrial consumers el to have more stable, predictabiemandregardless of meteorological
conditions.

41. As we can see on the far right side of the scatlieigram electricitydemandtends to show a
positive relation to the equivalent temperature for hotter days. This is related to increglsetticity
demand for cooling purposes on hot days.

9 The equivalent daily temperature is calculated as a rolling average of the daily temperatures over the last three days,
weighted as follows60% of temperature of day D + 30% of temperature of daly ©10% of temperature of day-D
(source:http://www.synergrid.be/index.cim?PagelD=17601&language_code3jNED

20 The linear regression is only performed for days during which the equivalent tenperdoes not exceed 16°C, as the
incremental electricity demand for heating purposes can be considered negligible from that point upwards.
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Figurel2: Thermaosensitivity (in MW/°C) of totaBelgian demanénd Eliagrid demand splitinto distribution demandand
direct demand on Elia griflyr allworkingdays of 2016
Sources : Elia and CREG
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2.3.3. UsePatterns and the Impact of Solardhels

42. Figurel3showsthe evolution of the averagelectricitydemandper fifteen minutes in theélia
control areafor the years 2007 to 2016.

43. The period 2007 to 2014 was aggreghia the greyedzone of tle chart by includingthe
minimum and maximum of the averagestbé electricity demandper quarterof an hourin the Elia
control area 2015 and 2016, on the other hand, appear distinctly inghart 2009, 2012, 2013 and
especially 2014 illustrate thgradualand corstant reductionin electricity demand.The mtterns of
2014 to 2016 which arerather similarg confirm thegradualflatness of the dytime period and to a
lesser extent the night period. Theeakjust before middayhas dsappeared since 201&eneration
resulting from solar panelsndeniablycontributed to the disappearance ofigmiddaypeak On the
other hand, theminimum demandf the dayin 2014just before 4.00 anR dzNJ VL3S |8 Aghiof
7,496 MW is confirmedas well in 2015 as in 2016 with a rather similar level (7,546 MW).
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Figurel3: Averageelectriaty demandper quarterof an hourin the Eliacontrol areaoverthe period 2007 to 2016 (MW)
Sources : ElandCREG

44, Figurel3shows not only that theslectricity demandin the middle of day dropped until 2015
compared to the previous years, but also that the reductibthe demands less marked during the
off-peak hours. Evewhen 2016 shows a slightecovery,the trend of the variability ofthe average
electricity demand during the day therefore seems to remain depreed. These observations are
confirmed byFigurel4 which showsthe variability ofthe averageelectricity denandduring the day
YSIF&AdzZNBR dzaAy3a (KS 4§ ilR@RE NS asRvEI@Ad thelstar@lafd déviatior of 5
the difference inelectricity demandbetween two consecutivelayso & { G R 5-5-@ & r2dFlineh
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Figurel4 also illustrates on theight-handaxis the standard deviation of the difference between two
consecutivequarters of an houd & { (i R S @- N B K\kibrangehnd) £Ttis last observationalso

falls, but to a lesser extent until 2012. Starting from 2013, the faihése pronouncedThe result is

that the variability of electricity demand decreases not only during one day but also between two
consecutive fifteen minuténtervals With regards tovariability between two consecutivéifteen
minute intervalsthe variability in 2016€il to the lowest évelin the 10 years studied.
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Figure14 : Annual variability ofthe averageelectricitydemandR dzNJ& y 3 2 y §{ (RR Sifiedinie), the dfiference
between two consecutivalayso & { ( R5 -4 ¢ & ling and, on theight-hand axis the difference between two
consecutive fifteerminuteintervalsé & { (i R S @ - @afigeling) @MWV, Theight andleft-hand axes start respectivelyat
600 MW and 110 MW

Sources : Elia, CREG

45, A fallin variability does not necessarilyiply a reducedheed for flexibility. Indeed, variability is
not the same apredictability. Asexplainedn chapter six omalancing up until 2012, the transmission
system operatoneededto spendmore resourcegvery year in order tonaintain theelectrical power
balance,n spite ofthe (dlight) variabilitydecreaseof the electricity demandasindicatedabove. Since
2013,0n the other hand, @ecrease in the resources required to maintdia power balancdéas been
observed.

Impact of solageneration

46. The CREG®Gnly has TSOdata from 2013 onwardsFigure15 showsthe day patterns of the
minimum, average and maximum estimate solar generation for Belgigtween 2013 and 2016.
Whenthe evolution of the minimm generationis negligible, the@verage and maximumay patterns
increasedstrongly between 2012 and 2013. Starting from 2014, theximumof the pattern of the
averagegenerationstill slightly progressein 2015but it decreass in 2016 compared to 2015,
indicating a deceleration of thannual installation of new sa@r panels. For the year 2014, the
maximum of the pattern of maximum generati@®,159 MW and 2,266 MW in 2015 to reach a record
2,373 MWin 2016
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Figurel5: Estimae of maximum, average and minimum quarteourly generation (MW) oihstalled solar panelbetween
2013and2016
Sources: EliandCREG

47. The total generated solar energyable5) amounts to 2.9 TWim 2016 a slight fall compared
with 2015.The yearly generated solar energgs barely evolvedince 2013a sign of aslowdown in
investments in this sector.

(Twh) | Generated Solar Energ
2013 2.6
2014 2.9
2015 3.0
2016 2.9

Table5: Generated electricityf solar origin 2012016
Source: CREG

48. In 2016, the installed capacity of solar panels was 2,953 MW, a slight increase compared to 2015
(2,818 MW as of 1 January 2015jgure 16 showsthe monthly generated solar energy in 2016.
Unsurprisingly, most electricity was generated between April and September, with a paadi.in

Taking into account the average number of hours of sunshine atUaekr a period of 30 years (1981
to 2010), the generaed solar energyin 2016 compared to a calculatettheoretical maximum

2L Number of hours of normal climatological sunshine at the Uccle monitoring station-A@B1- Source IRM :
http://w ww.meteo.be/meteo/view/fr/360955Normales+mensuelles.html#ppt 5238269
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generation(installed capacity 2016 x average monthly fugmnof hours of sunshine 1981010) does
not exceed 74.5% dhe theoreticalmaximum generationRepresented by the yelldgreen curve,
this ratio highlights the evolution of solar panefficiency (orientation, maintenance, age,
temperature, etc.) duringhe course of 2016.
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Figurel6: Monthlygenerated solar energn 2016(MWh, left axig andyellow/greencurve representinghe efficiency of the
monthly generation(%, right axis) (monthly generation in MW!installed capacityn MW x the average monthly hours of
sunshine 1982010)

Sources: Elia and CREG

4 5 6 7 8 9

49. Figure 17 shows based onthese same datathe ewolution of the maximum average and

minimum monthly generation at hour 13 of the day. The hours with the highest generadien

observed between July and May. The estimated maxirganerationroseto 1,965 MW in June 2013,
2,157 MW in in May 2014, 2,239 MWJuly 2015 and,249 MW in May 2016.

50. Thefact that thehighestaveragegenerationin 2016 is less than tseof the previous twoyears
proovesthat the growth of investments in the solar sector observed between 2011 and 2@shed
abruptly from 2014nwards
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Figurel7: Evolution of the maximum, average and minim monthly generatiorat the thirteenth hour of the day
Sources: EligCREG

51. The variability of solagenerationshould be perceptible in the event of higher variabilitytiod
demandon the Elia network ithe middle of dayFigurel8shows, per yea dailypattern of demand
variability, measured using the standard deviatiothaf average demangder fifteen minuteintervals

The period 2007 to 2014 was aggregate the greyedzone of the figure bgombiningthe minimum
and maximum values of thdaily pmtterns of demandvariability. 2015 and 2016, on the other hand,
appear distinctly in the figure.

Since 2012, the variability ¢fie demandin the middle ofthe day had increased by 100 to 200 MW
compared to the previous yeatis, other wordsan increase of 10 to 20%. Thisrid continuedin 2013.
However, 2014 to 201&gisteredthe oppositetrend to theseprevioustwo years. In addition to these
observationsit is clear thatthe variabilityin the daytime period hasreducedsignificantly and as for
the nighttime period, the lastthree years have registereda significantly lowlevel of variability
compared to all the other years.
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Figurel8: Standard deviatiomf the average demanger quarterof an houron the network in theEliacontrol area(MW)
between 2007 and 2016. Theayis startsat 500 MW,
Sources: Eliand CREG

52. It is advisable taqualify the variability observedn Figurel8. Indeed, the latter reflects the
variability of electricity demand per fifteen minuiatervals for a whole yeaWhen the standard
deviation of the difference betweethe electricity demanaf two consecutive fifteen minutetervals
is analysed it appears thatthe variability has furtherdecreased since 2014ompared to previous
years.This can be ascertained froRigurel9. Thischartshows that the variability of the difference
between two consecutive fifteen minuiatervalsdecreases théastthreeyears for almost all the daily
patterns, compared to the previous years. In 20ft& calculated variability wafr 31.3%0f the time
at the lowest level of the 10 years under revi€¥8.5% in 2015 and 86.5% in 20:14)

22 The years 2007 to 2@lwere aggregate in the gyed zone of the figure by taking for each y#lae minimum and the
maximum of the standard deviations of the differenoetweenthe electricity demand of two consecutive fifteen minute
intervals(MW). The years 2@land 205, on the other hand, appear distinctly in the figure.

23 Cumulated, these lagtvo years account for 55.2% dhe time.
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