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Executive summary

As the share of intermittent RESuch as wind turbines and solar RWjreases significantlgheir deployment
challenges the operation of power sgst, and impacts the role played by electricity markets that have not
been designed to handle the features of intermittent RESst of all, intermittent RES feature a variable output

that depends on the availability of the resources they are based os. viiability is worsened by the lew
marginal costs of intermittent RES. RES are willing to produce whenever they can, but only when they can.
Second, this output is also difficult to predict accurately. Third, the best generation sites for intermitt8nt RE
such as wind turbineare often located far away from consumption cerdrereating the need for significant
investment in the transmission systen@n the opposite, some resources like solar PV are mostly integrated to
the distribution level, creatingew kinds of flows from lowoltage level to higlvoltage levelFourth, the e-
velopment of intermittent RES is still driven by support mechanisms and isolated from most reigkais.

It is therefore clear that electricity market design must be revamimethtegrate intermittent RES. On the one
hand, electricity markets must cope with the changes in power systems operation that are created kgt the d
ployment of intermittent RESnew timedefinitions must fit RES variability, the dalgead horizon is not
adapted to RES predictability, existing zones do not reflect the congestion patterns corresponding taathe loc
tion of intermittent RESOn the other hand, intermittent RES cannot remain at the margin of power systems,
and must be more closely integrated ingtectricity markets.

In this report we identify four key challenges for electricity market design in the context of RES integration.
First, there is a need to ensure resources adequacy in thetkmng This challenge emerged as the profits of

conventionr f ISYSNI A2y | adaSGa KIFIBS SNRRSR dzy RSNJcaskS LINBaa

It is then not guaranteed that the assets being decommissioned will be replaced, especially as the deployment
of RES is driven by uncertain support policetber than marketsignals.Second, it is crucial that the flexible
resources required to cope with RES variability are in place and incentivised to operate flexitolyelectri¢

ty market design must ensure efficient expansion of the transmissiondéstdbution network as significant
investments are needed to connect intermittent REBis challenge is made more difficult by the lack ofreoo
dination between network investments and generation investmemspecially when the generation intes
ments ae driven by uncertain policie§ourth, while the traditional organisation of power systems was based
on a centralised operation of a set of large plants adjusting their production to follow load variations, system
operation at the distribution level wilbe increasingly challenging with the development of distributed r
sources.The causality relationship between the features of intermittent RES and the four key challenges are
illustratedin Figurel.
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Figurel Causality relationship between RES features and key challenges for electricity markets. Owe-depi
tion.

In the last session of the report, we describe three toolboxes of market design element that could contribute to
solving the four mairchallerges: the wholesale market design, additional coordination tools, soidtions
based on the deployment of distributed resources.

Evolutions of the wholesale market design have two facets. First, the integration of intermittent RES must
evolve as they gedeployed. We show that the only obstadiez WYISZ i AVVAGSANI GA2YyQ 6A PSP
of rules common to all resources) is the absence of dynamic retail pricing. However, once this shortcoming will
have been solved, meltingot integration should msure efficient integration of intermittent REShe second

facet of wholesale marketlesignrelates tothe evolutions requiredo manage the power system efficiently
when this power system features a high share of intermittent REfs report details ta evolutions required:
shortertime units will be needed to reflect the variability introduced by intermittent RES and remunerate fle
ible resources adequately; refined and dynamic spaciéss could help tackling efficiently the grid expansion
challenge; igher differentials between extreme prices would be needed to reflect the value of energy at times
of scarcity or abundance and encourage the development of flexible resources; the consistency between the
different markets from dayahead to reatime shoutl be improved to match the needs of intermittent RES that

are poorly predictableObviously, these evolutions will not be easy to implement and they might have negative
secondary effects. Neoonvexities of thermal generators might be more difficult to Henwith shorter time

units, while redefining spaeenits would have significant redistribution effedtsat could lead to acceptability
issuesFinally, we would have a high number of products as a result of smaller time and space units in a set of
paralkel markets (dayahead, intraday, reaime and reserves markets), which could be a source of liquidity and
complexity issues.

An alternative (and/or complement) to wholesale market evolutions is the implementation of a set oficoord
nation toolsto ensureefficient investment and operation in power systems featuring a high share of irttermi

tent RESGeneration adequacy policiemight be implemented to coordinate the development of generation

(or demandresponse) assets and solve the resources adequacyg.is$owever, our analysis reveals that this
would imply the development of national rather than European approaches to generation adequacy, mith co
sequences on the provision of flexibiliffhe coordination between network investment and operation at the
regional scale might requirgpecific tools, such as a European systaanagement layer, as well as planning at

the regional scale and ceatlocation tools.Coordination between network and generation investménten-

sure efficient expansion of the grichn be ensured via the development of market facilitators, reforming the
payments by generators, and changing the response of TSOs to connection requests and investments need.

PagelO



Electricity markets and RES integratpkey challenges and possible solutions towards

Finally, coordination of investment and operation between transmission netwoskaiprs and distribution
network operators will be requiredbtmanage efficiently operatioat the distribution level.

The last toolbox focuses on tools required to unlock the potential of distributed resouradsed, these e-
sources can provide manyfi@rent flexibility services, contribute to resources adequacy, allow deferral of
network expansion, and are needed to manage actively the system at the distributionHwvetver, an eff

cient development and management of distributed resources will drdypossible provided a compatible
framework is implementedThe contracts offered by suppliers to their customers and the retail market design
must evolve to allow consumeexpressing their willingness to pay for electricity and valuing their flexibility
Similarly,in order to develop a contributionf distributed resources to efficient grid expansion and masag
ment, network tariffs should be revamped to reflect the state of the distribution network and the contribution

of a ceriin consumer to local Iegs and peaks in the distribution network.wide set of contracts and inte
mediaries proposing the contracts to consumers would also be needed to tap the full potential of demand
response by consumers who differ widely in terms of technical potentialpmaterences Finally, the role of
DSOs will have to be revisited. A sound regulation must be established to deliver efficient incentives to the
DSOs. Whether new services (e.g. ownership and management of metering systems and chargingcinfrastru
tures, datahandling, energy efficiency and flexibility provision) will be provided by the DSOs or bypdhiiek,

there will be a need for stricter unbundling and transparency requirements as DSOs handle more responsibil
ties.

These three toolboxes are partislibstitutes and complements, but a mix of these tools must be picked and
implemented to address the key challenges of RES integration for electricity market design. A consistent vision
must be developed to solve these challenges.
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1 Introduction: Intermit tent RES features and
market integration

Power systems were conceived on a set of paradigms that reflected the technical options available then. In
particularthey were based on a set of large controllable plants la¢ transmission level that are dispatched
centrally to match the variations of an inelastic lo&dectricity markets wer¢hen introduced to provide the
shortterm and longterm signals required to coordinate a set of competitive actors and ensure optisal

patch andinvestment ingeneration assetsThe design of electricity markets was logically adapted to tlae fe
tures of power systems by thehlowever, the features of intermittedtRES that are introduced in powerssy

tems today are very different fromhe ones of a typical combined cycle gas turbineorder b understand the
challenges for electricity markets and RES integration, it is necessary to understand how intefnit@ESht
differ from the more traditional power plants.

The outpu of intermittent RES is variable for two main reasons. First, the output of wind turbines and solar PV
RSLISYRa 2y (G(KS I @FLAfloAtAGe 2F (GKS NB&a2dzNOSa GGKSe | NJ
shine. Second, these units feature very Iowd T SN2 ¢ 0 YI NBAYlIf O02adGa& FyR (§KSNB
these units to generate cheap energy when possible. In other words, intermittent RES are willing to generate
whenever they can, but only when they can.

These fluctuations are seasonal, lgiaihourly, or minuteby-minute, with different consequences on power
systems and power markets.

Longterm variability results from climatic seasonal effects. The output from dmaed resources will for
instance typically be lower in the winter. Whaech variations do not constitute a challenge for the operation
of power systemsn the shortterm, it implies that some plants will then be needed as bapkwhile running
only part of the yearlLong periods of time with low wind output will also occuraarelatively high frequency at
a countryscale, with consequences on the economics of energy storage and power systems in (faberal
and Michaeliy

Very shortterm fluctuations occurring within seconds do not constitute a major challenge for power system
operations used to handling load fast variability, as these fluctnatiend to average out when the penatr

tion of intermittent RES increases. However, variations that occur over longesstiale (from several minutes

to several hours) can be more problematic. With high penetrations of wind, these variations can becitene qu
significant. In the whole Denmark, maximum upwards and downwards variations of wind output (for more
than a hundred sites) were estimated biplttinen et al. (2009to roughly 20% ofotal installed capacity within

an hour, 50% ofotal installed capacity within four hours, and 80%taftal installed capacity within 12 hours.
Similarly,Bertsch et al. (20)3stimated that by 2050 Germany and Gré&itain could face harly variations

of the output of intermittent RES of respectively 20 GW and 40 GW. This has important consequences on the

'¢KS GSNXY agFNRIFOofSE Aad &2 Y Signaty Bewing &n8 30BifpowertddioldgiesSas trsé S (i 2
resources rarely switce y | yR 2FF O2YLX SiSfteod [ Siz 6S gAtt O2yasSNBS Ay
commonly employed. Of course, not all RES are intermittent: one can for indfainkeof hydropower and biomass. ke

ever, it is likely that wind and solar power technologies will constitute the bulk of RES development by 2030.
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need for backup flexible resources (on generation or demaside) to be able to ramypp and down when
needed.

This variability can é mitigated by smoothing factors such as geographical spread or technological spread
(which explain for instance the significantly higher variations for the UK in the stulgrtsfch et al. (20103

Even in a small power system likenmark, there are stability gains at tsgstem level compared to the unit
level (Holttinen et al., 2009 However there is a limit to the benefits of geographical spread. First, extreme
weather events ocauon large geographical scales: a studyFidyry (201Bfor instance emphasizes the fact
that residual loads (i.e. consumption minus output of intermittent RES) are partially correlated even in distant
power systems. Secondhaking the most of gegraphical aggregation requise supranational approach to
generation adequacthat isfor instancemissing todayn EuropeHenriot and Glachant, 20).4

The output of most intermittent RES depends on complex meteorological phenomena, some of which are very
difficult to predict (e.g. cloudiness for solar PV, phase changes for wind). Aseqoence, it is difficult to
predict precisely what will be the output of intermittent RE®recastsare based on a mix of physical models

and statistical models that are constantly improving as experience with intermittent RES is gained. However, it
is gill impossible to predict accurately the output of intermittent RiEShe shortterm, as illustrated irFigure

2.

While system operators are used to deal with uncertainty related to load forecast eMargpas (200Bargues

that load is easier to predict: the daahead Mean Square error of load in the French system was for instance
equal to 1% of peak demand in the winter 2007, significantly less than the numbers preseifiigdrie?2 for

wind foreast errors.

NRMSE (% of installed capacity)
o L N W A OO N
1

2 hours Intra-day Day ahead 2 days ahead

Figure2 Wind power forecast error with increasing forecast horizon (2009 average value in Germany, from
Tambke as quoted by EWEA (2010))

The best generation sites (in terms of output/timstalled) for wind turbines are located at very specifialoc

tion, often far from the consumption centres: this is for instance the case of wind farms in Scotland or in the
north of Germany. Similarly, the output of PV varies a lot with latitudéurther difficulty comes from the fact

that land-intensive renewables (like wind farms) cannot be installed in places where land is expensive, which is
typically the case close to consumption centres. As long as intermittent RES do not receive locatiolsal signa
they therefore tend to pick generation sites that require significant investment in the transmission network.
According to the Tefv¥ear Network Development PIRENTSEE, 2012, 80% 6 the projects of common inte

ests are required to solve directly or indirectly bottlenecks created by intermittent RES.
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In parallel to these large developments taking place at a great distance from load, a significant share of inte
mittent RES is now iralled at the distribution level. This creates floftom low-voltage level to higivoltage
level, requiring more active system management at the distribution I&webolle, 2013

Finally, in addition tdhese technical features of intermittent RES, it is important to keep in mind that tie si
nificant development of intermittent RES in Europe has been made possible thanks to strong supp@t mech
nisms. While this support can be justified by a wide rangpasitive externalities of intermittent REB has
resulted in a development of RES being disconnected from market prices. Aspgpéstsand the impact on
electricity bills have been increasingly contestegpeciallyat times of financial difficlies, RES policies are
highly uncertain today. Further development of intermittent RES, and the related impact on market prices and
load-factors of all generation assets, will probably be the result of targets, quotas, and regulated tariffs that are
set politicdly.

The specificities of RES that are described in sedticmallenge the functioning of power systems. It is clear

that, as they develop significantly, these resourcasrmot remain at the margin of power systems. As put very

clearly byPérezArriaga (2012 & ! f factois,i@sit® knowledge that large levels of penetration of wind

and also solar PV are anticipated to take place in many countries, lead to two major conclusions. Figst, the o

eration of powersystemswith a strongpresenceof intermittent generationhasto be profoundly reconsidered

©0X 86 o {whdendsiatPVplantscanno longerberegardedasld & 8 A @S dzyAda oX&d ¢KS&S
AARSNBR SaaSydAalf F2NJ 0KS FdzidzNB Ay diSaINIrdAzy 2F KAIK
RES into electricity markets is therefore a tfad challenge. First, electricity markets must be redesigned to

handle resources that are more variable, unpredictable, and located at specific generation sites. Second, RES
cannot be kept out of power marketthat were conceived as the main driver of operation and investment in
liberalised power systems.

The need to adapt electricity markets design and integrate intermittent RES is of course associated to a series
of challenges, both to ensure adequate arfflodent investment in generation and transmission assets @&s d
scribed in sectior?.1), and to ensure safe and efficient operation of power systems (as described in section
2.2). But the potentialof solving technical issues by implementing the right economic incentives also make
market design a source of solutions for accommodating large shares of intermittent RES into power systems, as
described in sectioB.
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2  Challenges for electricity market design and
RES integration towards 2030

As explained in sectioh.1.l, intermittent RES feature very low variable t0sThey are therefore the firser

sadzNDOSa RAALI GOKSR gKSYy | GFLAflIof SH2 NKRKIN SHFHFSOUES 2RHIS v
been described bgensfuss et al. (20D8nd is illustrated irFigure3. It has two consequences on other gea-

tors. First, the most expensive units are dispatched less ofte¢heaisbidsare pushed by intermittent RES out

of the market Second, prices are lower on averags the price in a competitive energy market is set by the

marginal costs of the most egpsive unit dispatchedlhe meritorder effect associated to the strong growth of
intermittent RES has therefore reduced the profits of conventional generators that run less often and get lower
wholesaleprices on averageUnder these circumstances, conviemal generatorsare struggling to achieve

breakeven An article published in The Economist on"™@ctober 2013 highlighted the fact that the top 20

energy utilities in Europe had lost half their market value between 2008 and 2013, as wholesalenp@ees i

YIye 6SNB JI2Ay3 R26yY FNRBY yn e€exka2K (2 oy e€eka2Kad 9dhb
2010and 3 &2 2F w2 9Qa 02y @Sy i béngnobey atihat Briedrha Hdorbrhist, &3 ¢ S NS
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Figure3 Merit-Order and Prices in a generic electricity market, with low windtput (left figure) compared
to high wind output (right figure). SourceMorthorst (2008

It is important to speify that RES are not the only responsible of the financial difficulties of conventional power
units. The Economist (20)&lso emphasises the fact that utilities overinvested during the 2000s and were then
caught back by the financial crisis hit on electricity consumpfitnis is illustrated in some calations realised

by Ridinger et al. (201jillustrated inFigure4. If demand for electricityn Europehad followed the precrisis

trend (20002008) up to 2012the total increase between 2000 and 2012 would have reached 530 cbuv-

pared to the aatal 267 TWh increase. Across the same period, the development of intermittent RES followed
the trajectory planned and added additional generation of 350 TWh, while increase of the fossil fuel capacity
accounted for a potential production of 280 TWrheseresults show that RES alone (i.e. without thissisand
without overinvestment in conventional capacity) would not have led to the significant overcapacityp-we o
serve today.
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and fossil fuel capacitypotential generation based on aonservative40% loadfactor). Source:own
depiction based orRudinger et al. 2014

However, thecurrent situation is unstabldn an energyonly marketwith a large share of intermittent RE&e
revenues of anventional generatiorassetgthat could still be needed as backip when the variable output of
intermittent RES is loydepend increasingly on high prices at times of relative scaititioes not mean that a
new equilibrium of generation entry cannot be fouyrab discusseflirther in section 3.1 Yet,there are several
challenges that must be solved to ensure a decarbonisation of the energy mix and generatioa@de

While we are in a situation of overcapacity todiayEurope(THEMA consulting group, 2013t is not clear
whether investment in gneration assets will remain sufficient in the futuledeed, nany generation assets
are ageing or must bdecommissioned, such as for instance héghissioncoal power plantsunder the Large
Combustion Plant Directive, or nuclear power plants in Germ@fily.a revenue stream based on a smalimu

ber of uncertain energy peak prices be attractive enough to investéfiithese high prices be politicallg-a
cepted?At the same time, we have targets for high share of intermittent RES in the genenaitoby 2030,
which raises twdurther questions. How to reach market equilibrium when a significant share of the mix is
pushed by support policies? And how ttake sure thathese RES targets will be reached if there is a move
towards more markebased support tontermittent RES?

The need for investment in the power sector is not limited to generation assets. Significant investment will also
be required in the transmission and the distribution netwdrdth to replace ageing asts and to accomio-

date new flowscreated by resources that are located at very specific locations (See sé&ctién Estimates of

the required capital expenditures are presentedTiablel. These figres represent significant increase oo

pared to capital expenditures observed in the last decé®leland Berger, Z01). Intermittent RES are not the

only source of needs for investment, but they account for a significant share of the planned expansion of the
grid. The TenYear Network Development Plan established by the ENE&&ms that 80% of the Projects of
Comnon Interests listed in this document are needed to solve bottlenecks created directly or indirectly by
intermittent RESTransmissionnivestments are also required to make the most of the geographical ard tec
nological spread described in sectibri.1

Pagel6



Electricity markets and RES integratpkey challenges and possible solutions towards

Tablel Investment requirements in electricity T&D networks by 203durce: IEA (2014RhENTSEE
(2014),European Commission (2011

ENTSEE TYNDP 2014 20142030 ENTSEE 110-150billione mn  N.A.
European Cm-  Impact A- 2011-2030 European Union  113.5billione n p 507.2billione n p
mission sessment Eme
gy Pradmap
2050
IEA World Energy 20142030 European Union 114 billion$12 398 billion$12
Investment
Outlook 2014

Most of these investmentsre realised by regulated transmission and distribution network operators that
receive a guaranteed return on their asset base. However, this is not sufficient to guarantee that such volumes
of investment will be achievabldés transmission system epators traditionally finance their capital expend

tures by emitting debt, the gearing of these companies is already high tddeyincrease in tariffs that would

be required for TSOs to achieve such levels of investment without losing their investradet (@nd therefore
without losing access to low interest rates) might not deeepted by consumers. Investment in the network
would then not be financiallgustainable in the longerm (Henriot, 2013.

This is especially true assignificant share of the transmission tariffs is based on the net energy consumption
that could stagnate as consumers install more distributed energy resourcether words, while the needs for
investment are proportionate to capacity (and henoaxinum consumptiol), the revenues are partly based

on the energy transmittedand hence net average consumptiomhich willgrow much slower as distributed
resources with low load factors and variable production get installe@éxtreme cases, consumers abiilave
incentives to leave the grids distributed resources get cheapand gridparity is reachedfurther increasing

the tariffs for remaining consumers, and creating a dynamic process that would leave the grid operators with
stranded assetdlt is therefore crucial to address the guestion of the remuneration of network infrastructures,
despite the fact that they receive a regulated return.

As mentioned in sectiod.1.4 the development of intermittent RES in Europe has been made possible by a
wide range of support schemésdowever, the modifications of these schemes have generated a high-unce
tainty both for intermittent RES (whose retudirectly depends on thee schemes), and for conventionalnge
erators (whose value is impacted by the development of additional RES capabkdfact that the implema-

tation of capacity remuneration mechanisms is considdérethany member states currentfgcing overcapde

ty illustratesthe instability of a power system whose development is basedrarertain support schemes.

As the costs of intermittent RES have fallen, there have been calls to reform these support sdhétaegid-
ance for the design of renewable support eafes, he European Commission has for instance emphasized the

need to change instruments for more mark@tl & SR & 2 f dzii A 2 Y &uppoit IgvBIs willNELHzS &hd ( K | {

eventually be phaseduté (European Commission, 2013 his is based on the assumption that the highhtec
nology learnig rates observeddth for wind and solar technologieas capacity is installegill lead to a point

3Such a process has been described in detail in the case of the United States, where it could becoméceocotefect
the grid by 202@Rocky Mountain Institute, 20}4

* For more details on the different schemes, the reader can rejooBatlle et al. (201
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in which support wilhot be required anymore to make intermittent RES competitive with conventiondl-tec
nologies.Intermittent RES would then receive theevenue from wholesale energy prices.

An extensive review of the learning rates observed for energy technologies has been madsgimger et al.
(2008. These learning ratésare typically between 10% and 30#%s described iffigure5. However, asecond
result from the analysi of (Junginger et dl.is also the need to take into consideration other effects that can
lead to negative learning rates, suchiasreasing commodity prices (steel for wind pewand silicon fosolar
PVs),or disconnection between prices and castused by dack of competition or increasing demarithere

are therefore many uncertainties that make it difficult to extrapolate learning curves to forecast RES ¢echnol

gy prices.
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e e PV
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= e . v  Wind offshore
—
) o0 ¢ Natural gas CC
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N
t %
@
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Figureb Historic learning curves and progress rates (PR) of different generation technologieBR of X%
means that costs are reduced byX% each time the installed capacity double3ource:Junginger et
al. (2009

In addition, there is a risk that the market value of intermittent RES might fall faster than bustsnittent

RES production is variable, and the profitability of a defjendson its resourcedependent generation profile

and on the wholesale markegtrices at times when the unit generaté€bskow, 201). In practice, it means that

two units generating the same amount of energy can have very different values for the system, and very diffe
ent profitability if their returns are based on market pric&&hmalensee (20)8ecently showed that for a set

of generating units located across the United States, the actual value of wind power was only 88% of what it
would have been if produced at average spotes, while the actual value of solar power was 116% of what it
would have been if produced at average spot prié@scourse, the more units installed with a similar profile,

the more the meritorder effect(described in sectio@.1.1.]) will lead to reduced pricesrhen these units are
available, and théower revenueghese units will get fronenergy market$ A good literature review of hat is

® The concept of learning rate is leson the observation that there is a logarithmic relationship between the costs of a
technology and the cumulative experience of this technology. A theoretical analysis of this concept andamahgts of
wind power learning rates can be foundlimdman and Sdderholm (20112n this document, a learning rate of X% (eerr
sponding to a progress rate 0fX%) means that #hinstallation costs decrease by X% each time the installed capacity
doubles.

® In this short analysis, we consider that all other capacities remain identical. We will see in Settiahat conclusions
can be different ira dynamic environment.
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a2YSGAYSa NBcbikagatRn effeiitinla &idelrange of power stems in Europe and the United
Stateshasbeen publishedoy Hirth (2013, with value factors reaching 0.7 for wind at 30% market share and
reaching 0.7%or solar powerat 10-15% penetration rates.

It is therefore clear that th@xistence of a breakven point where the costs of intermittent RES would be low

enough to phaseut support schemes depends @race between learning rates and the cannibalisatef-

fect. To put it simply, the mora certainRESechnology isnstalled, the cheaper igetsbut the less value it

has.This process has been assessedsbgen and Léautier (201#h the case of the British peer system.For

learning rates of 19% W/ Sy (i NI flowér Prides lreNUtiBgdrom the cannibalisation effect would offset

the saing on costs due to learning rat¢SeeFigure6).[ S N}y Ay 3 NI iSa 27F omre- oWl A3IK
quired to phaseout support schemesnthe longlil SNIY'Z KA f S € SFNYyAy3a NrXrdSa 2F wmsmE
require higherevels ofsupport. Theseresults might vary across different markets with different resources and
generation mixput the effects of cannibalisation shouid any caseot be neglected.

Subsidies  gmw per hour Learnin.g
required . o(Kp) Rates:
12| ) - Low

Central

High

GW ]
Installed capacity

Figure6 Support required toinstall wind power in the UK under different learning ratesSource:Green and
Léautier (2013

Despite thewillingness of the European Commission to phasge support schemes as soon as possible, it is
likely that future power priceswill depend on carbon pricesupport to RES development, energy efficiency
targets that are the result of both national and Bpeanpolitical choices Liberalisation was to substitute the
coordination of investmen{and operation)within integrated monopolistic companies with a markbased
coordination. As a significant share of the investment&uropean power systento not dependon market
signals the energy wholesale market cannéilfil its role of longterm coordinationof investmentin the cu-
rent setting One of the challenges of a power systéamegrating a high share of intermittent RES benefiting
from support schemess thereforeto ensure the development of adequate lotgym investment signals.

Power generation and transmission are complementary activiBegore liberalisation and unbundling ofrge
eration and traasmission assets, expansion of the transmission and generation system was planned bl vertica
ly integrated utilites The coordination between generation and transmission is now more difficulhe pla-

ning of generation, transmission and distributioreandependent from one anothend result from decisions
taken by a multiplicity oéctors. Different paradigms have been introduced to solve this issue, from approval by
a regulator of transmission reinforcements proposed by the system operator, to mardhas developed by
merchant investors who then collecbngestionrents of their linegPerézArriaga and Olmos, 20D6Yet, he
complex task of developing the transmission grid without certainty on the future development of theagener
tion mixbecomes evenmore chalengingwith the development of intermittent RES.
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First of allas intermittent RES are often located at very specific locations, the joint optimisation of the grid and
the generation assets becomes crucias. explained in sectioh.1.3 the best resources are sometimes located
far from load centres. There is hence a significant numberaafe-offs between better generation sites that

are costly to connect to the grid, and sites with a lower output tguiring less grid exgnsion At the same

time, more actionanust be taken at the distribution level to defer grid expansi@maya and Pollitt, 2014
EPRI, 2004 which s also a source of further traeteffs between investments in generation and transmission
assets.

Second, permitting is a much more complex issue for transmission lines than for generation assets. As a result,
it takes on average seven to ten years (andapwenty years for the most controversial lines) to build a power

line compared to two to three years for wind farms and Combined Cycle Gas TufRinas et al., 2011t

means that a reactive TSO that would not anticipate the connection of generators could create a severe delay
between the moment when a power plant is operational and the moment when the network upgrade becomes
operational. Rious et al. (20)larguesthat the solution is a proactive TSO anticipating the future development

of the generation nx.

However, here isalsoincreased uncertainty on the evolution of the generation m#xa result of RES déve

opment, and hence higher risks of costly anticipatiém idea of therange ofpossible evolutions cahe pro-

vided by the four visions of the NETSGE introduced inthe TYNDP 201ENTSEE, 201 FTNRY b- a{t 2 ¢
INBaaé¢ GAar2y TFSI GdzNRy 3 dnatibnal gner§yipSitics dd s implenRrBadidn gtR = NB A
the By SNE& w2l RYIFI LI wnpn G2 + aDNBSYy NB@2fdziA2yé- FSI G dzN
grids, CCS, demand response and electric-piugehicles.The needs for infrastructure would of course be

quite different under each of these visions. the current context, the support schemes discussed in section
2.1.2.1could be the main drivers of the evolution of the generation mix, and hence of the need for expansion

of the transmission and distribution gri&uch schemesouldalsodetermine whether the targets for RESnge

eration will be reached by developing offshore wind in the North Sea or distributed solar PV, with very different
consequences on the required infrastructufggure? illustrates how the development of wind in Germany has

led to a redistribution of physical flows from France to Germdngleed, he operational review realised by

Coreso (2014showed that thanks tanassive renewable infeed (resulting of support mechanisms), Germany is
reinforcing its position of exporting country.
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- 2013
100
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Figure7 Statistical distribution of physicals flows from France to Germany. Source: Coreso operatienal r

view 2013

Finally,there is not only a need for intr@aSO network upgrade investments, but also for ifE&O network
upgrade investmentas described byoskow (2006 The asymmetries between thes$eo kinds of projects can
result in inefficiencies, as TSOs first tend to solve internal congestions by pushing congestion to the borders of
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their control zone before facilitating trade between the different zoneSaguan and Meeus (201#lustrate
how a national transmission planning can impact the costs ofweise energy, when compared to supen
tional planning.

Flexibilityis defined hereas the ability of a given resource &adljustproduction or consumption within a given
timeframe (regardless of potentiatariationsin RES productionit includes theability of a power unitto start-

up and quicklyramp-up or ramp-down, to cycle frequentlyandto operate at low minimum load#\s the ou-

put of intermittent RES is variable (See sectioh.1) and not predictable (See sectidnl.?, an increasing

share of intermittent RES leads to higher and new needs for flexilBitytstein and Skillings (201L%or in-

starnce estimated that the development of intermittent RES in the UK would create a need for 26Qsta@er

year for midmerit CCGTBy 2030, compared to less than 50 per year todzsrtsch et al. (20)Zstimated (up

and down) hourly changes in residual demand for Gidtiain and Germawy by 2050.The first and third qua

tiles of hourly changes in residual demand, as well as the maximum hourly variations, are represented in the
boxplot in Figure8. Maximum values of hourly load chargydouble from 2011 to 2050 with a share of inte
mittent RES in electricity consumption equal to 50%. The UK faces maximum hourly load changes of 40 GW by
2050 with ashare of wind power equal to 709§ electricity consumptionlt is clear that flexibilitywill be a
prerequisite to generation adequagienriot and Glachant, 2014
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Figure8 Hourly changes in residual deman@W): actual for DE2011and model simulationsfor 2020 and

2050(Bertsch et al. 2013DE stands for Germany, GB for Great Britain.

Yet flexibility is costlyincreasedcycling leads to higher costs for generators dadteases wear and tear and
lower efficiency while maintenance contracts must be renegotiated to allow for more flexil{fi§rezArriaga

and Batlle, 201R Asflexibility will be increasingly needed to cope with the variations of intermittent RES in
power systems, some market signals will be required to reflect this need for flexibility in power markkts
remunerate the flexibility providers

A further difficulty emerges from the wide range of flexibility needs across the different power sydteths.
study ofBertsch et al. (2093the maximum hourly changes will be twice as large in GBz#hin as in Gerar
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ny for similar agrage variationsThis can be explained by a higher share of intermittent RES in trendJ&
more diversified mix (featuring both solar and wind power) in Germany.

Finally, the maximum needs for flexibility will be far more significant than the averagsioas (as illustrated

for hourly variations irFigure8). It implies that the capacity to deliver flexibility will face a similar issue of low
load-factor as the one described for capacity to deliver energy in se@ibri.1 Under the current setting,he
revenue stream for flexible capacity will be based on revenues at times of extreme events, and the cédmpatibi
ity of such a revenue stream with the businesedel of flexible resources should besassed.

Asthe share of intermittent RES in the generation mix &mel requirementsfor flexibility increase the range
of resources that are able to deliver flexibilitfll alsohave to evolvePeaking units that are the mb#exible
units in current power systems are shut down (in the skiertm or the longterm) in response to high RES
generation. This is emphasized in a reportEBiyOFYS (201viewing the different flexibility options that are
available in power stems These optiongnclude among others thermal generatorisitermittent RESde-
mandresponse and storage facilitiealthough some economitechnical and political barriers muselaken
into account when assessing the potential of each reso(8seTable2). As the future flexibility needs of
power systems are very diverse and gtidit fully identified it is important not to discriminat any of these
resourcedrom flexibility provision

Table2 Flexibility resources potential and main barrierddapted fromECOFYS (20114
Coal Existing: 1.5%/min Existing: 10 hours  20%- 40% Lowe efficiency anthcreasing
New: 6%/min New: 4 hours variable costs when used flexibl
Lignite Existing: 1%/min Existing: 10 hours
) . ] Increased waand-tear when
New: 4%/min New: 6 hours .
used flexibly
CCGT Existing: 2%/min Existing: 4 hours 15%- 50%
New: 8%/min New: 2 hours High CoZmissions
OCGT Existing: 8%/min <0.1 hour 20%- 50%
New: 20%/min
Nuclear 3.8%/min- 10%/min Up to two days 20%- 60% Risls of accident
Controversial resource
Biogas High costs
Onoff within seconds Requires storage capacity for
flexible operation
RES 100%/min N.A. N.A. High opportunity costs due to lo:
production
Specific technical equipment
required
Industrial 20% /min- 100%/min N.A. N.A. Need for sufficient incentives:
Demandresponse high organisational efforts might
not be worth the savings
Smaltscale 100%/min N.A. N.A. Investment in ITinfrastructure
Demandresponse and data processing
Market prices not visibléo retail
level
Data security issues
Pumped Hydro  40% /min- 100%/min N.A. N.A. Long return on investment

Very specific siting requirements
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Flexibility can be remuneratediteer implicitly or explicitly.It is remunerated implicitly when the flexibility
remuneration is embodied in energy prices. If the product definitions are adequate, flexible units can take
advantage of the spread between electricity prices at different tinaxlto do arbitrage between dayhead
markets, intraday markets and retilne markets Extreme prices can then be a sufficient incentive for a supply

or demandresource to provide fbebility. Flexibility remuneration can also be expli¢itrough the remunea-

tion of specific flexibility products or technical requiremenalifonia for instance discusses the introduction

of new flexible ramping products, while the grid codes in Ireland impose minimum ramping capacity of 1.5% of
installed capacity per minute.

Different ways tgprovide (implicitly or explicitlyflexibility resoucescan impact the range of flexibility pral4

ers, and hence the costs of flexibility (if more efficient resources are excluded) as well as the allocation of costs
and revenues between participantEhese costs can be aggregated at the system level analised between

all participants, or more cogeflective schemes can be conceivédsignificant challenge for electricity ma

kets is hence to solve the flexibility measurement problem (i.e. defining and estimating the needs fok- flexibi
ity), and the fleibility provision problem (i.e. meeting these needs edfintly). It is also important to keep in

mind that the flexibility needs and resources vary significantly across Europe. Should dedicated mechanisms
target the specificities of each member statdow to ensure their compatibility?H®uld regional solutions be
preferred?

The traditional organisation of power systems was based on a centrally regulated set of large plants adjusting
their productian to follow demand. Power would flow from these large generating units through the traasmi
sion grid and then through the distribution gridowever, the development of intermittent RES has challenged
this vision. The optimal size of units extracting eyeftpm wind and solar is often much loweén particular,
photovoltaic technologies are extremely sizeable, and their efficiency does not change with the size of the
installation.Wind turbines do feature economies of scale, but the recent prototyfé4conceived byestas

as the largest wind turbine on the plan& only 8MW The development of intermittent RES has therefore
resulted in a significant increase of the share of generating units connected at the distributiorClessént et

al. (20113 estimated that by the 3% December 2010, 46% aind capacity and 98% of PV capacity in Spain
was connected to the distribution level. Similarly, 86 GW of Gerfaistalledcapacity(48% of total installed
capacity) at the end of 2013 wasstributed generation(Edelmann, 2013

This phenomenon is likely to amplify as the costs of PV keeps gettigg &nd as feedn tariffs are reduced

Indeed,in this contextd INA R LI NAGe¢ A& NBIFOKSR ¢ KSyanddonsdmits OKS | LIS N
own energy (paying instalian costs of distributed generatigrthan to get the wholesale price and fe:én

tariff for produdion but pay retail pricegincluding grid costsfor consumption7 SchleichefTappeser (2012

estimates that the grid parity has been reached in Germahthe beginning of 2012, and that rooftop electri

ity could be 40% cheaper than electricity delivered by the grid by 28b& thatin some countrieshe gap

can befurther widenedby hidden subsidies to prosumers, as grid costs are almost entiretgdeia capacity

(which is not impacted by distributed generatiomhile grid tariffs are sometimes indexed oet energycon-
sumption(which is lower for consumers owning generation assets)

As the share of distributed generation increasé®ecomes a sarce of technical challenges for system oger
tions. Trebolle (201BidentifiesseveralchallengesFirst, local congestion does not coincide with system imba
ance as locahjectionscan sometimes be several times higher thacaloexractions Second, voltage control
becomes more challenging as load variations introduce instability in the distribution sy$temis also &
scribed byOosterkamp (2014 when the production of power by distributed resourdsshigh and injections
higher than load, power flows occur from the distribution level to the distribution level, and voltage risés loca

"ThGKSNI RSFAYAGAZ2Ya 2F GINRR LI NRGE&é INB a2YSGAYSAa LINERJARSRO

Page23



Electricity markets and RES integratpkey challenges and possible solutions towards

ly; when the feedn is low and load is high, voltage may become too low. The resulting instability in the distr
bution system is illustrated ifrigure9. The variation of DG productioalreadycreatestoday local issues of
power qualityand these issues are expected to become more frequent as the penetration of distributed gene
ation resourcesricreasesAs a result, it is clear that as more perturbations occur at the distribution lewel, di
GNRAOdzGA2Y &d2aiGSY 2LISNI G2 NB oasdzhdzlvf O yy2G 02y G Ay dzS
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Figure9 Voltage variations for different levels ohjection and extraction by distributed generation and load
Source:Meeuwsen (2007 as quoted byOosterkamp (201%

However, mtegration of distributed resources is not only abooew issuesit is also about new solutions
ensure the reliability of power systemBistributed generation can be managed actively to provide upward or
downward adjustments to the system when needadd contribute to voltageontrol, thus saving operational
costs and reducing the need for investmentthe grid However, it is important to ensure that the electricity
market design will deliver the right incentives for an efficient active participatibdistributed intermittent
RESThe role of DSOs wésvis TSOs, and vésvis the market must be reconsidereqCossent et al., 2011b
Oosterkamp, 2014Pérez Arriaga et al., 20LRather than finding technical solutions to operate the system
safely, the challenge of system operation at thetdbution level with intermittent RES is about delivering the
right regulatory frame and market design to unlock these technical solutions.

European electricity markets were introduced to coordinate both operations of geioa assets in the short

term and investment in generation assets in the ldagm. The specific features of intermittent RES (described

in section1.1) create challenges for electricity market design in a context of integraif intermittent RES.
These challenges are relevant both for operations and for investmamidare not limited to generation &

sets. They also pervade to the complementary investment and operation of transmission and distritaition a
sets.The four keychallenges that we identified can be summarised as: 1/ Ensuring efficient resources adequacy
in the longterm (See sectioR.1.1.1and sectior?.1.2.7); 2/ Ensuring that the required flexible resaes are in

place and have incentives to operate flexibly (See se@i@r); 3/ Allowing efficient expansion of transmission

and distribution grid; 4/ Unlocking efficient system operation at the distribution lelieé causaly relations
between RES specificities and key challenges for electricity market desidesaréded irFigurelO.
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Figurel0 Causality relationship between RES features and laallenges foelectricity markets Own depic-
tion.

Rather than a single factor resulting in a single challenge, the challenges identified are often the product of
several factors. The issue of resource adequacy created by variability lovialktad is reinforcedy the unce-

tainty resulting from support schemes. Flexibility is needed to cope with both variability angrémictability.

Grid expansion is needed to accommodate resources located at very specific places, but the development of
the grid is made more difficult by theariable output of these resources and uncertain support mechanisms
that challengegrid planning.Finally, the variability and the lepredictability of resources located at the distr

bution level create the need for system operation at the distributievel.

Thesefour challenge are not independent one from ather. Flexibility is a prerequisite to generation exd
qguacy(Henriot and Glachant, 20)4vhile flexibility provision can enhance the ca#bw of supply resources
providing generation adequacy. Part of the flexibility required can be delivered at the local level, prodded di
tribution systems operation irevisited. The needs for grid expansion can be reduced (and resources adequacy
enhanced) by more efficient ways of operating the systandistribution level And of course, grid expansion

and interconnectors have a key role to ptayensure generation@equacy.

Finally, when addressing these challenges, one should keep in mind broader issues of acceptability, laffordabi
ity, and distributional effectsDifferent solutions carndeed face public opposition,be financially unsustaaz

ble, or lead to signifiant distributional effectsthus preventing their implementatiotWhile this is not condk

ered as an independent challenge in our report, it will be addressed when assessing the solutions proposed in
section3.
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3 Design elemats to cope with these challenges

Sectionl.2 explained whyrenewables cannot be kept out of power markelts this section, wexplore furtrer

the concept of RES integration, by introduc{sgction3.1.1.7 two paradigms thabuild onthe existinglitera-
ture: the WY S f-Li2A iY@  LJin MhidR iktélvittent RES and dispatchable generation are integrated under
uniform market arrangments;i KS Wal f | R id ®hiclinges ak adaptedita@tie specificities of each
set of technologieg.We then discuss the pros and cons of each paradigm in setloh.2

The first paradigm for RES integrationK SNB 6 @ L#Yi&t (LA dEheRsknplésvone. As the costs of

intermittent RES are reduced by their largeale deployment, these resources could be exposed to the same

risks and incentives as more conventbrgenerators. ie European associatioaf the electridty generation

industry (Eurelectric, 201pfor instanceargues that wind generators should be subject to the same scheduling

and balancing obligations as conventional power tdafhe market vould then reacha new equilibrium. Sim

larly, for PérezArriaga (201pthe share ofwind power is reaching such levels that they cannot be considered

as neutral pasive units.By 2030, ntermittent RES wilbe too big to be allowed to fail: thesnust operate as

other power plants and participate in maintaining power systems stabMyte that full market integration
R2SayQi YSIHYy GKFIG AYOGSNNAGGSYd wo{ akKz2dAZ R y2i NBOSA O
externalities justifying such additional remuneratiohs.

¢KS &aS02yR LI NI PRI £6 KfiNESRBoaAdNE tldinh tRARES integration shouldda

dress structural discrepancies between intermittent RES and dispatchable gene&gonif the costs of ge

erating electricity using intermittent RES get low enough to compete with dispatchable thgenarators,

there will still be fundamental differences betwedémermittent RESand dispatchable unitéSee sectiori.l).

RES integration shoulthen ¥ 2f t 2 ¢ | WwWalfl R 026t Q I LIINRF OKah®-I {Ay3 A
source and applying different rules to fundamentally different power units.

RES integration is therefore not a wielentified concept, and it can refer to very different approaches. lor Se
tion 3.1.1.2 we have a closdook at these paradigms and discuss their pros and cons.

Can a market equilibrium be found with meltingot integration?

The first general argument against meltipgt integration is a fundamental onézinon and Roques (20112

argue thatinvestment in RES, even commercially matuvii, not be financially viable if current remuneration
mechanisms are removedlow variable costs leado lower prices, lower annual load factor, and dipaprance

of scarcity rents resulting from the high correlation between peak demand and wind power contribB&en.
AARSaTI AYOUSNXYAGGSYyd wo{ Oly adzF¥SNI FNR.Y1RERSevepOl YYAODI
ment would not only impact the development and revenues of RES but also undermine the case for inves

8 Section 3.1 builds largely on a recent publicatiorHieyriot and Glachant (2013
% See for instance Borenstef@011) for a complete discussion of arguments for subsidising RES.
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ments in semioad technologies. By opposition to the assumptions madeEbyelectric (201)) Finon and
Roques concludehat the current market arrangements would not lead to a new equilibrium, in whigk ad
quate prices could stimulate the needed investment.

However, a solid demonstration of this argument, that contradicts more fundamental economic analyses, is
missing.Thedifficulties currently faced by conventional generators to recover their costsnagtly due to the

massive introduction of excess generation capacity in an existing power syassesplained in sectidh1.1.1

What can be bserved today is the impact of a shock on a set of previously existindil@agassets. The inte

action between shortun direct effects and the longeun indirect effects after adaptation of the generation

park is for instance described in analyticaldies bySaenz de Miera et al. (200&ndKeppler and Cometto

(2013. On the shorirun, reduced electricity prices and residual lo@tefined as load minus geration by

intermittent RESpredominantly affect technologies with high variable costs such as gas turbines. On the long

run, the evolution of the residual load impacts mostly technologies with high fixed costs such as nuclear power
plants. If this is siply the result of a shock on an existing set of assetnjight be only a transition phasé

simulation realised by théEA (2014palso explains how the introduction of a significant share of RES in a ce

tain power system can lead to low lodaktors if the generation mix is optimised in the absence of intéemni

w9{ FTYR y20 FRFILWGSR FFIiSNBINRa oOoW[S3IroeqQ a0SyINR20®
RSLX 288SR OWENIYAT2NYSRQ aOSyl NA-theritpladts aadiedobhdRctoldf | y (& | |
these assets remain stabl&@he corresponding evolutions of the generation mix and the léactor of each

unit are illustrated inFigure11. These results justify the belief &urelectric (2010 mentioned in section

3.11.1 as the share of intermittent RES increases, a new maketl equilibrium can be found.

100% 100%
E 0% R
c S - -
R oM o=
& =
g 0% §' W% e
< ~
< S e
= W% Wh - R
.
0% : 0% |
0% 30% 15% 0% 30% 45%
= = Baseload legacy = == Mid-merit Legacy Peak Legacy === Baseload Transformed Mid-merit Transformed Peak Transformed
Figurell Evolution of the generation mix and capacity factor of generation assets, for increasing share of

intermittent RES. SourcdEA (2014a

If a new equilibrimn can be foundafter a transitory phase, there will still be a need for bagkflexible units.

These resources (for instance generation capacity or demand side management) will be needed at times when
intermittent generation is not available to meet loaBrices would then have to be high enough at times of
scarcity to cover the fixed costs of these flexible resources, and a new equilitwiwd be found between
low-carbon intermittent resources and peak or selméd technologieslt is true thatsome ofthe features of

this optimal generation mix, such as high uncertainty attached to the low number of running hours, negative
prices, or need for high scarcity prices will lead to risks for investors in all kinds of generation techietogy.

this is not a suctural barrier to the longerm coordination of investments by an energply market.

A different argumentagainst meltingpot integrationfor fundamental market failuress provided bythe rigor-

ous economic analysisy Chao (201land Ambec and Crampes (201Both developed analytical modeljn

and demonstrated that exante uniform retail pricing does not allow decentralising the energy mix. In bhe a
sence of dynamic pricing, in which prices are contingent to the availability of the intermittent source, either
crosssubsidies or structural inggration within a single company would be required to ensure optimal @alloc
tion. Indeed, without dynamic retail pricing, consumers cannot distinguish the time when energy is produced at
low cost by available intermittent RES. Their consumption, that matehesverage tariff, is too high at times
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when RES are not availableleads to an overcapacity of conventional plants compared to the optimal gener
tion mix, and hence low profits for these producers. When dynamic retail pricing is implemented, corsumpti

is lower at times when RES are unavailable, and conventional plants only partially substitute the production of
intermittent RES. ¥hamicretail pricing hence allowsnarket mechanisms tachievethe optimal generation

mix, while delivering at the samémte sufficient revenues to cover the capital costs for the capacity inves
ment. These results seem to contradict the reasonindrioion and Roques (20t2he main obstacle to a loRg

term functioning of an energy miaet would not be the characteristics of intermittent RES but the lackyef d
namic pricing.

Better incentives throughmelting-pot integration8

I GK2NRdzZAK NBGASE 27F HKSI QRMNTES NG EFFYS ONE RSO IUYBIISIR yi
between support schemes and market design realisecdHbpux and Saguan (20[0These benefits include

optimal selection of generation sites, ingyement of maintenance planning and technology combinations,

control of production in extreme cases and higher efficiency of system balancing in general, incentives for i
novation, better production forecasts and transparer{®geBox 1for more details)As a result, the authors of

this study recommended to increase the exposure of intermittent RES to-gigoals by adapting support

schemes, and to eliminate distorted market signd&roux and Saguahowever acknowledged that it might

lead to higher rik and higher transaction costs that should be taken into account.

8 AOO EO EO x1 OOE OEA OEOE e

Salad bowl integratioris sometimes justifiethy a reduction of risks and tngaction costs, rather than Hyn-
damental market failure As pointed out b¥lessmann et al. (2008exmsing RES to market signals to which
they are not able to react will hinder RES development without bringing@nlttle) benefits.As wind power
producers have high incentives to generate electricity whenever the wind is blowing, it is pointlessose exp
them to more accurate pricgignals Higher risks will lead to higher capital costs, and more complex schemes
will also favour large playerBatlle et al. (201Ralso insisted on the fact that there is little efficiency impgev
ment when linking remuneration of RES to wholesale electricity prices, adiapatchalle generators have no
mean to adjust their output. The scope for efficiency gains by planning maintenance at times of low electricity
prices will also be quite limited, as availability rates are very high. In their survey about RES integration in E
rope, Eclareon (201Restimated the technical availability factor of wind turbines to 97.5% while it is close to
100% for PV panefg As a result, meltingpot integration would therefore increase risks for intermittent RES
while the prospect for efficiency éentives would remain limited.

This argument makes sense at times when the priority is to develop significantly the share of RES in the gener
tion mix. However, in a system featuring a high share of intermittent RES, these risks are transferred e conve
tional generators and to consumers, who undergo the price and volume effects. For instance, the schemes of
tradable certificate that feature quantity caps can present risks for developers, as overproduction and ove
supply of certificates leads to very lowiges. But schemes that do not feature any quantity cap can lead to
excessive costs for consumers (or taxpayers) if the schemes are too successful. Similaitytefiaffd give
producers a fixed revenue that is not impacted by market prices, while-ifegdemium are sometimes pr

sented as more risky for developers. But if market prices go low, the resulting surcharge for consumers to pay
feed-in tariffs increases, while it remains stable with premiums. In both cases, risk does not disappeatr; it is
transferred between producers and consumers. Risks should hence simply be allocated back to the entities that
are most able to manage them.

1 This impressive figure is due to the fact that there are no moving paR¥/; maintenance mostly consists in cleaning the
panels.

Page28



Electricity markets and RES integratpkey challenges and possible solutions towards

Box1 Benefits of intermittent RES integration into electricity marketSourceHiroux and Saguan (20]10

Optimal selection of generation sites related to generation pattern

Developers have incentives to pickmgration sites that generate morenergy at times when it i
more valuable for the power systerwhich is reflected by higher energy prices in wholesale mark
This can improve the variability issue described in sedtiari

Optimal selectin of generation sites related to congestion costs and losses

Short or longterm locational signalsllow a better tradeoff between better generation sites (il
terms of output) and extension of thgrid, thus mitigating the issue of location constrainesdribed
in section1.1.3

Improvement of technology combinations and portfolio effects

Developers have incentivgshrough energy prices and tariff$d pick technologies that generat
more energy at times (ahplaces) when (where) it more valuable for the system. This can enhar
geographical and technological diversificaticounterbalancing the cannibalisation effect describ
in sectionl.1.4

Improvement ofmaintenance planning

Maintenance is operated at times when wind generation has less value for power systems, and
when energy prices are low in wholesale markets.

Control of production for extreme cases of imbalance and network constraints

Exposureto market prices can lead to voluntary curtailment when prices become low enouc
compersate generation premiums, thus mitigating the variability is@estion1.1.7).

Improving controllability by innovation

Increased gposure to market signals can also give incentives to RES owners to develop contr
so as to take advantage of controllability, therefore reducing the variability challenge introduc
sectionl.1.1

Improving individual forecasting and system balancing efficiency

Increased exposure to market signals (and in particular exposure to balancing prices) can a
incentives to RES owners to develop forecast tools, therefore reducing therkmictability chad
lenge introduced in sectioh.1.2

Transparency of the support schemes

Finally, an argumd of a different nature is a better identification of support to intermittent R&&
otherwise mixes iblect support (e.g. premium to generation) and indirect support (e.g. balan
congestion)This could help clarifying the issue of support schemes discussed in skdtidn

Finally Batlle et al. explainethat exposing RES to market prices would create incentives for incumbents
owning both conventional and RES generation to abuse their market power. Therefore, they recommend to
distinguish nordispatchable RES from dispatchable RES, and to expose enlgttér to price signalsYet,

there are more proper way to deal with market power abuse than introducing an artificial separation between
intermittent resources and dispatchable generators. In addition, if a large part of the market resources is made
to behave in a nosilexible way, it is likely to increase the market power of the remaining dispatchable ajener
tors.
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Conclusion

From this section, we can therefore conclude that the only major obstacle to mgitihgntegration is the
absence of dynamic ming. While salatbow! integration can reduce risks for intermittent resources and foster
their development, this is not efficient in a system featuring a high share of technologically mature intermittent
resources. Last but not least, the alleged fundamémability of energy markets to remunerate generators as
the share of intermittent RES increases is yet to be proved.

Assuggested in sectioh.2> & 2 LIS NJ (i AyBtefnsdtiFa sttdBgpréshidceof intermittent generationhas
tobeLINR F2 dzy Rf & . NEdiEed BrgryyBniauket driving operations of power systems, it means
that the issue of market design remains highly relevemtependently from the paradigm chosen fimtegra-

tion of intermittent RESEven in case whenintermittent RES ard&ept isolated from theelectricity markets,
power systems (and hence powerarkets) will still be impacted by RE&n extreme casef isolationis for
instance the one in which a large shareRES has full priority of dispatch and receives fixed taRfEsproduc-

tion is then considered as inelastic negative demand, but the load factor of thermal units as well as the conge
tion of transmission lines is still driven their output.

Exchangesielectricity markets are based on a set@fporal and locationadiefinitions and thesedefinitions
are based on a tradeff. On the one handhroader and simpler definitionsnhance liquidity and reduce tran
action costs. On the other hand, more acderdefinitions allow participants to express better their willingness
to pay, as well agheir true opportunity costfor a specific productEuropean power markets have logically
been conceivedo deliver market signals adequate tmnventional unitgather than to the features of inte
mittent RES. Besidesimplifications have been introduced withe aim to enhance competition:nergy pral-
ucts arefor instancetypically defined on an hourly basighile geographical zones are kept simple and often
correspnd to national zonesAs the share of variable sources of energy in the generation mix incrdeags,
ing to faster variations of the residual load and congestion patteitms,impact of these simplifications gets
more significantand these definitions ight need to evolvé’

The need for finer temporal signals

As the share oihtermittent RES increasgtheir variability becomes the main driver of variationstioé residi-
al load? variations Flexible resourceneed accuratesignals to deliver mergy whenneededand shorter time
unitsare necessary

A finer temporal granularity of pricestiserefore essentiato provide the appropriate pricsignals to investors
in flexible resourceand cope with the flexibility challenge described in seco 1l Hogan (201Ptherefore
argued that temporal granularity should match eleseas possible real operations. Withouatarket signals
accurate enoughflexibletechnologies would eithelbe too expensive to operate or requiredditionalsupport.

In addition, shorter timeunits also contribute to shifting risks from TSOs to Batanétesponsible Partieas
TSOs must fill the gap between products definitions and the actual needs of the gistem 201). Figurel?2
illustrates how éss differentiated pricing leads to a higher role played by the System Operator dadtter

" Note that, while this is out of the scope of tlagudy, the need for new definitions could also impact the gas markets
result of the significant role played by gii®d power plants in renewables integration into the netwo(kenriot et al.,
2012

?Residual load isefined as lad minus generation bytermittent RES
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socialisation of the costs éarred: the variationsithin the time-unit must be covered by the TSO, as market
participants do not receive any signals for differentiated production within this-timie

l/ﬁ\
\V/m\ \ky A

Y 4 ey
Time Unit Time Unit

|:| Average generation within the time-unit

Real-time generation

T Within time-unit imbalance are covered by the TSO

Figurel? lllustration of the roles played by the TSO and balancing respblesparties for different time units.
Source: own depiction adapted frorRrunt (201)

Fifteenminute products have already been introduced in Germany inititr@day market in December 2011,
followed by 15minute dayahead call options in December 2014n analysis of intraay prices reveal that
these fifteenminute prices are needed to reflect the needs of the German power system

Challenges created bgon-convex costs

While reducing timeunits can lead to significant benefits and transfer more responsibilities from the TSOs to
Balancing Responsible Partiesallenges could arisgue to the lack of adequate remuneration foon-convex
costs(start-up costs, ramping constraints) presentEuropearenergymarkets(IEA, 201 European electricity
markets are based on marginal pricing, assuming that it is always more costly to increase production. Yet, it is
sometimescostly for inflexible poweunits to cycle or stop productiofee2.2.1), which is not compatible with
marginal pricing and difficult to reflect through hourly pric@¢hile suchinefficiencies were estimated Wytoft

(2002 to be as low as 0.01% of retail electricity costs in conventional electricity markets, these costs might be
underestimated when the number of clng increaseélroy, 201] as a result of RES variability.

As shorter timeunits are introduced in electricity markets, naonvex costs might become antss F the

whole startup costs have to be internalised in a single energy bid, the shorter theperied, the higher the
impact will be on electricity pricesnternalising starup costs in a Bninute energy bid wouldor instance
result in a price inease that would be 12 times higher than for a dm@ur energy bidSuch norconvexities
couldexacerbate the adequacy challenge described in se@itn

G. 201 2 NRS Mhblémeried @iBurogeé&nSeiéctricitymarkets tohandle non-convexitiesand give
market participantsan opportunityto express the complementarities between the different productionihor
zons. A block order is executed under the condition that the average price of electricity across the block
duration ishigher (or lower) than a certain thresholdet, complex blocks could be more difficult to manage in

a power system featuring a high share of intermittent RES, for two reasons. Birgiutation time and cm-
plexity for participants might become an issmea system featuring a high number of smaller tiperiods with
many different complex biddn a system featuring 24 od®our products, the number of possible consecutive
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block orders within a day is 300, and computation time then remains limited (Meeus, @089). In a system
featuring 288 Sminute products, the number of consecutive blocks within a day is a much more significant set
of 41616 combinationsSecondBorggrefe and Neuhoff (20)&lso pointed out that block bids can prove quite
efficient as long as it is relatively easy to identify block of hours for which demand will be .hiigleeqguite
understandable, athe existence ofvell-identified peak periods spontaneougigducesthe number of conse-

utive blocks actually traded within a daflowever, aghe pattern of residual load becomes more complex,
block bidding will also prove increasingly challengthgre will be more pealperiods, and these periods will

be difficult to foresee.

Most authors seem to agree on the necessity of more accurate locational signals in a context ofscddege
development of intermittent renewable@Green, 2008Hogan, 2010Smeers, 2008

The first reason is that the best locations fomdifarmsare often far from load centres and thasa result
there will be a need fosignificanttransmission investmentéSee sectiorl.1.3. Astrade-offs beéween good
generation sitesand locations with low connection costsdmmeincreasingly relevant, efficient signals should
be provided to investorsgGreen (200Balso clainsthat the greater need to avoid higtost locations is a strong
argument in favour of locational pricinghe second fundamental argument in favour of nodal pricing is the
impossibility to clearly define n@s that would reflect physical realities at all times. As congestion patterns
driven by a fluctuating RES outpwill evolve constany, nodal pricing seems to be the only option able to
match reality at all time(Neuhoff et al., 2018

In the absence of locationahemy pricing,locational transmission tariffs ateep connection charges could be
used. It is however difficult to reflect fluctuating congestion patterns by using fixed locational charges.
come back to this issue in sectiBr2.4

Note that it is not only an issue of allocating domestic transmission capacity allocation but also of allocating
crosshorder capacitySmeers (2008or instance argued that the simplifications introduced to couple markets

in the Central Western Europe area would backfire with the growth of wind power. Borggrefe and Neuhoff also
insisted on the necessitptenhance trade between regions: this iséed a prerequisite to mitigate the vari

bility of intermittent RES by making the most of the geographical spread and the technological spread at the
European scal¢See sectiorl.1.1). They identified two potential solutionsntegration within a single nodal
pricing region, or coordination of nodal pricing in adjacent systems.

Hectricity marketstypically feature price limits introduced by regulators to protect consumers against ove
charging, in a context dbw demandelasticity.As the profile of the load served by dispatchable generators
evolves,more differentiated pricesignals are needed to remunerate the flexible resources necessary t® ope
ate the power system safelBertsch et al. (20)3argue that more differentiated pce-signals would ensure
flexibility remuneration, as being available to react and take advantage of extreme prices constitutes a suff
cient incentive to be flexible.

Price caps

Asa consequence of an increasing penetration of intermittent renewablesratipsms by power generation

units will become more variable, and some peaking units will be needed to run only a few hours a year. Price
caps should then be high enough to allow these peaking units to recoverfikesircostsover these running
hours sol & (2 I @2 AR YIS@ & Y (IR &edtissPyl.]). Note that in theory, priceaps are put

into place to compensate for the lack of demaresponse and should be set as equal to the value of lost load
(VOLL) for consume As the VOLL is not affected by renewables, gréges shouldn theoryremain identical

when the penetration of intermittent RES increas&®t in practice, the VOLL is difficult to estimate and price
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caps are very different among power systems withiksir consumer preferencesn Spain OMEL has a cap of
emMmyndonka2 KX AY 5SYYIN] 9[{th¢ KIFa I OFLI 2F eunnnnka?f
literature survey of estimates for VOLL was conducted by Cramton (2000) who determined that estimates

ranged from $2,000/MWh to $20,000/MWh.

According toEurelectric (201)) low pricecaps constitute artificialimits to scarcityprice signals, and unde
mine the longterm investment prospects in new generatioviet, a brief analysis of the dahead prices in
Spain and Germany from Jary to August 2013 reveals that price caps have not been a binding constraint,
neither in Spain nor in GermangdeTable3).

It is important to take into account thimpact of implicit price&eaps as result of unpriced actionsyhthe sy-

tem operator.This notion has beedevelopedby Joskow (2008 who argued that, in the US, these actions play

a much more significant role to suppress prichart do the price capsSystem operators can for instance
slightly reduce system voltage before implementing rolling curtailment; such costs are dispersed anmeng co
sumers and not reflected in market pric&dystem operators can also rely on bilateral-ofimarket contracts

to secure generators with specific characteristics that are not reflected in product market definitions, thus
depressing wholesale and reserve markg@isskow, 2008 Further examplesf such ations also include enre
gency imports and load shedding if their purchase price is not used as the system marginRebgoety on
prices to reflect scarcity implies that these administrative prices are substituted by mapgiced of energy at

all times. This is a prerequisite to solving the generation adequacy challenge theoagly and reserve pck

ing.

Price floors

Negative prices can appear in electricity markets even without intermittent generation, due taomorexiies

of power plant generation costsee Sectior8.1.2.1for further explanation on noitonvexitie3. Indeed it can

be costly for a power plant that is not perfectly flexible to stop and start again, or to cycle down aitdsup.
therefore rational for a producer to internalise these costs in its bids, sometimes offering energy at grices b
low marginal costs and even below zero, so as to avoid variations of tipeitoun other words, the producer
can sell at a loss at a givéime so as to avoiddditional costs in the follwing hours. Thentroduction of a
large quantity of intermittent generation capacityith variable output (see sectioh.1.1) will hencenaturally

lead to a higher occurrence okgative prices.

There is no theoretical rationale for a limit to priieors, and he floor forday-aheadprices isvery different

indeedin electricity markets like Spain (No negative prices), Denmarki(n e k a2 K +Fa Ay d&KS NBai
pool area), or Germanyd 1 n 1 € & i th&rest of the CWE area).

Monthly extreme values of daahead prices in Spain afigkrmany for2013 indicate thathe absence of negy

tive prices in the Spanish electricity markets is already probably a binding constrainta§le8). In order to

reveal the real value of flexibility, such a constraint should be removed. In particulamarkat in whichn-
termittent RES receive a premium X in addition to market price, the floor for prices should be at least lower
than-X, so that RES get an incentive to curtail generation at times of extremely low prices.

Thisissue becomesven more craialwhen taking into account crossorder exchanges of electricity. As pbin
ed out byEurelectric (201)) the lack of common market rules regarding negative prices will lead to distortions
when joining offers of energy zones with different price boundaries.
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Table3 Minimum and maximum hourly prices in the daghead market in Spain and Germanyource:
OMIE monthly market reportMayer (2013)

ndénn e€xKkar“

January 2013 (16 hours) yTdpn €K -ndmMn ekKa by dpn €Kk
(0] a‘
February 2013 n(321:1(;1urs)€ « 90.00€ k a 2 K T®Pon €kKa hhpPdn €K
ndénn exkat
March 2013 (165 hours) 90.00e k a2 K pnd®nn €k MHND®D®HAN €t
. (O] a‘
April 2013 ”(Zlfhgurs)e ¥ 90.00€ k a 2 K n ® n/MWhe MAdpdn I €t
May 2013 MCPTN €Ke TH®pA €K odcn eKa To®Pdn €K
June 2013 nenn eka T ®H € K MAn eKa?2 cndnn €k
(4 hours) P P
July 2013 MM®Pp N €eKze cy®dcd €k Tdnn exKa cpdon €k
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September 2013 ldnn ekKka? 72.00e Kk a2 K -0ln eka?K 77.70e k a2 K
October2013 3.05e ka2 K 79.99% Kk a2 K -491n e ka? | 8581 eka?z?l
noénn exat
November2013 720y eKka? 14n exka? K 1140n eka?
(2 hours)
noénn exkat
December2013 112.00e k a 2 K -62bnn ekKa 116501 ek a?

(37hours)

The rising importance of balancing markets

The keyrole played by the daghead market irelectricity markets todayloes not match the needs of inte
mittent RES Theoutput of these resources is difficult to forecast (Sectibf.?) and theseforecasts of wind
improve significantly from daghead to reatime, as illustrated irFigure2. Intraday markets that givetake-
holders an opportunity to trade after the deghead gateclosure, and reatime balancing markets, should
therefore play an increasingly significant rals the share of intermittent RES increases.

Cramton and Ockenfels (20flaccordinglyargue that weHldesigned power reserve markets interlinked with
each other through arbitrge can ensure recovery of fixed costs for bapkgeneration and, more generally
speaking, longerm efficient exit and entry decisionBrices in the reserve markets wikke compared tgrices

in the dayahead market in case of higher scarcity of flxibower plants compared tmflexiblepower plants,
therefore delivering the right investment signalsd solving the need for flexible resources described in section
2.2.1(Barth et al., 2008 It would howeverrequire adaptation of the market, such asoidng block auctions

for provision ofreserves over a month or a weekbich couldmake arbitrage betwen dayahead and reserves
provision more difficult(Boot et al., 2011

One must yet keep in mintthat all the products aiming to deliver energy atertain production time are sb-
stitutes. The more products defined, thewer the liquiditywill get for each ofthese products. Liquidityer
mains for instance quite low in the intraday marketgplementedin Europe, which could be explained by their
inadequacy to the real needs of stakeholders, and the complexity for thiagens to realise arbitrag@Veber,
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2010. This is why théEA (201pwarned that the definition of too many fleiility products could create issues
of market liquidity and market power, and claimed that the number of products defined should remain limited.

Moreover, if reserve markets play a significant role, RES should be able to participate into the full sexfuence

markets for the different products, as suggested by 5 (2012 Note that it does not require the mandatory

participation of RES into balancing markets, and that it could even prove costly to constrain intermittent RES to
manage their production activelfHenriot, 2014. The only requirement would be to expose RES to balancing

costs and to give them the possibility of delivering balancing serditer® again, it would be crucial to make
NEaSNIBS LINPOAAARZY TFTtSEAGES o0& | @2ARAY3I GKS wot 201 | dz

Ensuring caoisistency between daywhead and balancing services

Smeers as well @&orggrefe and Neuhoff (20} triticize the multiple arrangements governing the organisation

of dayahead, intraday and balancing nkets. ForSmeers (2008a single trading platform should be put into
place, with continuous active trading from dapead to reatime. Componentscurrently missingnclude intra

day markets for reserve capacities, and the integration of congestion management with thelaytr@arkets

and ancillary servicamarkets. When transmission capacity is priced in the-alagad market but is free in the
intraday market, distortions are created that shatter the intEmmporal consistency between the different
trading spaces. For consistency purpose, the locational granularity should then be the same for the forward
markets (e.g. dayhead) and the balancingnarkets A fully functional market for locational reserves would
then be neededBaldick et al., 2005

Other distortions can hinder the financial links between the forward markiets day-ahead andntraday mar-

kets) and the balancing arrangementgandezande et al. (20)@escribed how the existence of asymmetric

penalties in some balancing mechanisms would penalise wind producers andageiraentives to under
nominateinjections in the forward electrityt markets, leading to higher total system costs. Simil@& Vos et

a. (201 LR AYGSR 2dzi GKFG LdzidAy3a + OFLI 2y AYoltlyOS GF N2
YEN] SG FYyR GKS AYolflyOS {Hunstibrmg éfbalantify marketzAs a$oflR I Yy I3 S NI
guence, the definitions and boundaries mentioned in the previous sections should be applied similarly in the

full sequence of markets.

Green (200Balsoadvocates integration of energy and ancillary services, as it is often the case in the United
States.Such a model is based on the use by the system operators of a dispatch algorithm taking into aensider
tion the technical constrairs of producers and the network to optimise simultaneously provision of both-ene

gy and reserves producth.is then possible to take into account efficiently the different technical constraints
and manage the different substitutes insingle optimisatiorprogram without increasing the complexity for
participants.SimilarlyBorggrefe and Neuhoff (20)1avour pool typetrading arrangementsind jointprovision

of energy and balancing services. This would solve the lack of consistency resulting from a separation between
balancing services that are typically acquired by the TSOs, and energy productsahreddyand intrada ma-

kets, that are exchanged either olywer exchange or bilaterally.

Redefining products definitions in wholesale electricity markets and revisiting their interaction with reserve
markets carcontribute to solving some of the key challengdsritified in sectior.

Shorter timeunits will be needed to handle the variability of intermittent RES, and solve the need for flexible
resources that has been identified as one of the key challenges described in s2&idtowever, the exts

ence of nonconvex costs (that will gain in significance as a consequence of RES variability) could worsen the
resource adequacy issue for flexible resources, if not addressed properly.

More accurate spaceanits will be needed to tackle efficiently the grid expansion challeAgea result of vaa-
bility, these spacainits will have to be small enough to conserve a meaning for different states alygtem.
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Yet, this might lead to serious redistribution effiscthat will have to be addressed to ensure acceptability of
the new definitions.

More differentiated price-signalsare required to solvehe resource adequacy challengand to ensurethe
development of flexible resourcek.is not only about higher pre-caps and low negativgrices;it is also about
explicitly pricing the actions taken by the system operator to ensure the security of the system.

Finally,the role of the dayahead market will lose its significance as exchanges will take place closatto

time due to the lowpredictability of RESThe consistency between the different markets and products e
changed should be ensured as they will drive the remuneration of resources in general and flexible resources in
particular. It implies that the prgious recommendations also address products definitions in the balancing
markets.

We have described in sectidhl.4how the development of intermittent RES is the resultstbng support

policies.¢ KSaS LR2fAOASAa AYLI OO (GKS NB@Sydz$Sa 2F 02y @SyiGaAirzyl
STFSOGéEVL YR ONBIGS | Okihefsdnétyhg these foliciidiacanaiciicStide taskR S 1j dzI O &
of the TSOs (anbBSOs) when planning grid expansfsee sectior2.1.2.

The issue of coordination of generation and transmission investmsnt®t new, and existed before RES.

Green (200pargued that without longerm contracts, electricity markets were likely to fate boom and bust
OeofSaz a | NBadzZd 2F Ay@Said2NRa A yhers is therdiode atledd { SSLI
for coordination tools between generatiocassets, to avoid oversupply or scarcityEurope, electricity markets

were supposed to deliver the signals required, but concerns on their ability to ensure generationaageq

have recently been growing, while utilities overinvested in the past de¢&aeFigure4). Thispre-existing

weakness of European electricity market®icourse worsened by the uncertain development of intetenit

RESThis has led to the emergence of national capacity remuneration mechanisms nalseegnber states, as

a patch to ensure coordination of generation investment® Muestigate this solution in sectid?2.2

A further difficulty comes from the fact thatansmission investments are now made in a Europeaergy
market. There is therefore not only a need for coordination of investments within each TSO operation area but
also coordination of investmentand operationbetween the different control areasThis is challenging as
transmission investment framewosktypically reflect the organisational and political boundar{@dgeskow,

2006). However it is a prerequisite to unloekregional approach to resources adequacy and mitigate thie var
ability of RES by making tineost of the geographical and technological spread of intermittent RES eme-

gence of tools focusing on casenefit analysis and allocation are part of a toolkit that will be requiredge

timise operation and investment at the European level. We dischis solution further in sectic®2.3

PerézArriaga and Olmos (20D6&lso identified the lack of economic signals to coordinate interactions between
transmission and generation expansion as a major unsolved prolfleamsmission investment should aim at
minimising the total costs of transmission and the production costs of polurit is not easy for planners to
anticipate the moves of generation investments, especially as generation investors respond strategitedly to
decisions taken by the TYStoft, 200§. Tools ensuring coordination of generation and transmission irves
ments include advanced planning tools as well as locational signals. We explore these silgemion3.2.4.
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Without a longterm coordination mechanism, it is difficult for investors in generation assets to anticipate the

moves of their competitors, leading to a cycle of oversupply followed by scé@igen, 2008 In the textbook

reform of electricity markets, the longerm coordination role traditionally played by monopolisticrtieal

integration was to be substituted by the development of lelegm contracts (and the complementary options,

O2y NI Oa F2NJ RAFTFSNBYyOSas &gl Ll Xihe doliterfds RautBcjoqu& A y | y OA
and Glachant, 20)1Longterm contracts reduce pricesk and volumeisk for investorsThey can also act as a

longterm coordination device as the demand for these contracts will depend on the estimates by retailers and

large consumers of their expected demaftteen, 200%

However, longerm contracts have failed, for several sems, to provide the coordination signals required to
ensure efficient resource adequadyirst of all, generators have encountered difficulties to find counterparties,
due to the reluctance of retailers who have a legal obligation to allow their custotoensitch providers wh-

in shortnotice. Indeed, in case of lower prices, retailaes/ing secured higher prices througgingterm con-
tracts wouldhaveeither to sell energy at a loss ¢o see their customers switching to supplié@Green, 2005
Longterm contracts therefore increase prigesk and volumeisk for retailers in a competitive environment.
Exceptional counterpartiewho need longterm contracts with prices secured over a long tisgancanonly

be foundin electricintensive industriegFinon, 2011 A second reason why lostigrm contracts dichot devd-

op as planned is the difficulty to develop letegm derivatives in the electricity sector that features nron
storability. Finon and Perez (20p@éxplains that while the contracts observed usually cover at most two years
and are therefore too short to accompany the development of new capacities, ldegerderivatives cannot
be establishedby banks or hedg funds who commonly create liquidity in other comadity markets.Finally,

the European Commission has been reluctant to allow-ngn contracts with significant durations andlvo
umes, in order not to hamper the opening of markets to competifide Hautecloque and Glachant, 2011

Today, the contracincompleteness irthe electricity sectohas become even more crucial. First of all, a lot of

the low-carbon technologies feature higher capital expenditures. This is for instance the case of intermittent
RES, nuclear power plants, or thermal plants equipped with Carbon Capture and Skbisgeucial for these

plants to secure the significant upfront investment cost by lemgn contracs.™® In addition, power plants now

need to secure revenues based on policies that do not come with credible future markets (such as the carbon
prices).

As a esult, an increasing number of discussions on the development of alternativetdamgcoordination
mechanismsre takingplace in EuropeThese administered rather than commercial coordination mechanisms
will hereby be designed as generation adequacy maedms, reflecting theurrent preoccupation of gover-
mentsimplementing these solutionESeeFigurel3). In the next sections, we do not discuss the detaiid the
rationale foreach mechanism, but rathehé two main implicatims of these national pat@sto electricity
markets™*

2 n the case of intermittent RES, the volumisk is solved by priority of dispatch while the pritgk can be partly orre
tirely reduced by support schemes that act as some form of-teng contracts.

These twosessions are based on the workgnriot and Glachant (20)14
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Strategic reserve ‘

‘ Capacity Market

Strategic reserve ‘

Capacity payment (phase-out 2020)

(since 2007)

‘ Capacity market

Strategic reserve ‘

Capacity payment
(since 1998)

Capacity payment
(Capacity Market
planned for 2014)

Capacity Payment
(since 2011 —currently
suspended)

Capacity payment
(since 2006)

- No CRM (energy only market)
CRM proposed/under consideration —
CRM operational

Figurel3 Status of capacity remuneration mechanisms in Europe in 2013. So&C&ER (2013

These new longerm coordination tools are baseahn the remuneration of a certain amount of capacity, so as

to make sure thathis minimum amount of capacity wile there when neededYet, & mentioned in section

2.3, the challenges of resources adequacy and the need for flexible resources cannot be fully dedoualed.
system featuring a high share of intermittent RES, ensuring resoadequacy is not only about achieving a
certain capacity margin, it is also about making sure that the installed resources are flexible enough to cope
with the variations of RES illustrated Figure8. It implies that efficieh longterm coordination mechanisms
ensuring efficient resource adequawyil have pervasive impacts on the sheterm mechanisms coordinating
power systems operation.

Indeed, remuneratiorof capacityfor availabilitywhen neededconversely implies highespportunity costs of
unavailability. In particular, resources will have to be available at times when RES output drops quickly to low
levels.For a inflexiblethermal unit featuring slow ramping rates and long stapt times, it implies that such

units would have to start generating earlier, when intermittent RES are available and electricity prices are low
(or even negative)On the opposite, more flexible units (able to stag and rampup quickly) could avoid
generating at a loss. Even the simpleshg®tion adequacy policy would hence incentivise a more flexible
operation of resources by raising the opportunity costs of unavailab@ifycourse, one might argubat some
clauses could be introduceidto the design of the generation adequacy policiesexempt inflexible plants

from penalty when flexibility would be needed to react. Yet, such clauses would considerably weaken the level
of generation adequacy ensured in a system featuring a high share of intermittent RES.

Generation adequacy will thefore become an additional component of themunerationfor flexibility, which

is made ofa combination ofmplicit and explicit revenuetSee sectior2.2.1.9. In a longrun entry equilibrium,
this combination of revenues mube just sufficient to cover the costs of providing this flexibility. An additional
source of revenues (through generation adequacy policies) will mechanicallydtea gparibugso compens-
tion through lower revenues in another component of flexibiligmuneration(e.g. the energy wholesale ma
ket, the market for ancillary servicgss illustrated ifFigurel4.
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B Generation adequacy
Ancillary services

Energy

No adequacy Low-pervasiveness High-pervasiveness
remuneration adequacy remuneration adequacy remuneration

Figurel4 Distribution of flexibility revenues in the longerm across a set of expliciand implicit remuneg-
tions. Own depiction.

This evolution of the revenues distribution across different markets is not an issue as long as all the resources
that provide flexibility can take part into the generation adequacy policteg, in practice, tb range of e-
sources that can take part into generation adequacy policies is often restricted in terms of techngéogies
intermittent RES, demanside resourcesand locationg(i.e. crossborder resources)Such discrimination can
be explicit: crosdorder resources are for instance not remunerated in many capacity remunerationanech
nisms. It can also be implicit: availability requiremefmsmber of calls, availability across a long uninterrupted
period)can be incompatible with the capacity of demaside resourcesr intermittent RES; limitations on the
lowest possible bid can also exclude smaller generation or dersaledunits As theremunerationof flexibility

is partially transferredfrom the energy and ancillary servicesarketsto a discriminatng generation adequacy
policy, therange of resources able offer flexibility will inevitablybe reduced.This impact will ball the more
significantif flexibility remunerationthrough the capacity mechanism is larger, aifidhe mechanismnis more
exdusive.lt implies that the way the keghallenge of the need for flexibility is addressed will depends on the
tools used to cope with thessources adequacy challengehis could be gmecialy costly aghere isuncertainty
regarding thebest set of resorces” required to meetthe need forflexibility.

There isalreadya patchwork of capacity remuneration mechanismsEurope as illustrated irFigurel3. The
diversity of solutios implemented is the logical consequence lué tliverse needs, resources and objectives of
Member Statesas reflected inTable4. It is therefore unlikely that a common scheme could fit all Member
states.

Yet, the benefits of &uropean approach towards security of supahg significantwhen compared to a &

tional selfsufficient approachFirst, the currentreserve marginand future needs vary across Member States.
Second, scarcity events acrassighbouring countries are ndtlly correlated, which means that the reserve
capacities will most of the time ndite simultaneously needed by the different national power syste®aring

these reserves and taking into accounEaropeanreserve margirwould therefore be acheaperapproach to
generationadequacy than defining reserve margins at the national level, even taking into account limited i
terconnection capacitiegHenriot and Glachant, 2014The additional cost of power systems explicitly palevi

ing for their own security of supply at a member state level was estimated to be 3.0 to 7.5 billion euros per
year from 2015 to 2030, which witd reduce the benefits of an integrated energy market by more than 20%
(Booz & Company et al., 2013

'* For instance among all the tegblogies listed bECOFYS (2014
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Table4 Priorities and needs of different Member StateSource:Meulman and Méray (2012 Notenboom
etal. (2012
1/Affordabilit - i

France "y Increasing peak demand Capacity obligation on suppliers

2/Securiy of supply - Increasing share of RES
-Gairaairyd vYzySeé
1/Industrial opportunities - Closure of nuclear plants

2/Security of supply - Qongestionin the transmission
network

G¢ NI yayiiemea GMr G
in the South
Ongoing discussions

Germany

1/Affordability

Netherlands . .
2/Industrial opportunities

- No perceived need a{l FSie ySié¢ ySg
- Closure of existing capacity
- More intermittent & inflexible ga- Centralised auction

eration

UK 1/GHG mitigation
2/Affordability

However, coordination of national capacity mechanisms at the European level will only be possibleif a min
mum framework is implementedThis framework has den more extensively described Hbyenriot and
Glachant (201¥and consists of three tool§ he first tool required us a methodology sophisticated enough to
take into acount partially correlated evolutions of load and RES production across different Member States,
and a common set of inputs and scenarios shared by the different stakehofdegsent report by the Council

of the European Energy Regulators for instanighlighted the need for harmonisation of methodologies and
scenarios used to assess generation adequacy at the Member State(G&ER, ®L4). The second toole-
quired is a multilateral regulatory framework aimed at allocating responsibility (and the corresponditng rem
neration) for the delivery of energy when needéddis delivery indeed does not only depend on the availability
of the reource committed in the generation adequacy policy, but also on the available capacity of the inte
connector and the direction of the flow through this interconnector, which is the result of concomitani-cond
tions in different Member Stated\ third tool isa method to allocate rights (financial or physical) to consume
energy at times of extreme scarcjtyhile taking into account some solidarity principlemless such a fraea

work can be established, generation adequacy pediavill remain national patcheswvith joint consequences

on the provision of flexibility.

A wellfunctioning and efficient transmission network is a {eguisite to a competitive internal energy ma

ket. Howeve, transmission system operators have been introduced as entities responsible for managing and
expanding the transmsson grid within their control zon&hat often matches national boundarigdncentives

are conceived by national regulatory authorities énsure efficiency within these political boundaries that do
not reflect the physical reality of the grigNeuhoff et al., 2018 There are therefore significant asynetries
between the frameworks for intlSO transmission investment planning and operation and -ih&®trans-
mission investment planning and operati@@oskow, 2006 This is a source of inefficiency as it does not allow
managing properly the externalities created by the decisions of each TSO on neighbourirrgspstemsFor
Zachmann (201)3Europeanwelfare maximisation can only be achieved if three coordination tools areeimpl
mented at the European level: a tool for coordination of operations, a planning tool to ensure the coordination
of investments, and a tool to allocate costs and benefits of network investments &uhepeanscale.

Operational decisions are mostly taken within national operation centres, with a limited vision of the network
state in neighbouring countriesloskow (200Bargues that these effects gain in significance when the decisions
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of market players are based on fictional physical characterisation of the interceetheetwork Glachant and
Pignon (200kfor instance show that the congestion signals sent by Tca@se m practice a variable complex
and nontransparent constraint, thatan be manipulatedo push congestion out to the borders between TSOs
which reduces internal congestion butinefficient Two measures are identified by Joskow: horizontal cansol
dation of TSOs to internalise externalities, and locational prices teasertransparency and reduce the role
played by TSOslachant and Pignon (20p®cuses on the first kind of measures adévelop a set of sat
tions from information exchage, improved transparency of TSOs decisions and harmonisation of procedures,
to mergers between TSOBor Zachmann (2013 a European systeimanagement layer would be needed to
first complement, and then substitute, the decisions takey national operation centreZachmannalso a-
gues that electricity prices should diffbetween all network points (@oss and within countries) when neze
saryso that moredecisionscan be taken by generators based on locational sigfde sectior8.1.2.9. One
should not underestimate the challenge of merging TSOs aerossge ohational states with differenheeds
and preferences or the challenge of redistribution effects created by locational prices. Howswerg volun-
tary cooperationinitiativesto coordinate power systemsgperationscan already be observed in Europe, such as
Coreso(COoRdination of Electricity System Operatarsthe centralWestern Europe,or TSG TSO Security

/ 2 2 LIS NJIn GehtalyEérdpeA description of the role played by Coreso is detaileBdr 2

Box2 Description of Coreso activities to coordinate system operation in the CWE area. SoOwa:sun-
mary based on @reso website.

Twoday ahead
Coreso is responsibfer merging the data (Day 2 Ahead Congestion Forecast) necessary to ca

the crossborder capacities in the market coupling process. Coreso also organises the manager
remedial actiong(e.g. coordinatingphaseshifting transformersjn the CWE ea (that covers Be
gium, France, Germany, Luxembourg and the Netherlands).

Coreso also merges the best twlay forecasts available from RTE, Terna, Swissgrid , Eles and ,
optimise the import capacity for the Northern Italian border.

DayAhead
Coresomerges the Day Ahead Congestion Forecast files provided by each TSO, and realises

analysis by simulating the tripping of lines or generators. It analyses the constraints and ident
tential remedial actionsHowever, any final decision to implent such actions remains the respo
sibility of the TSOs.

Intraday and close to redgime

Coreso compare the incoming data with previous forecasts, perform security analyses, and ad\
¢{hadaQ RAALI G§OKSNRE I 062dzi y SéosEvdryeddaphtith y i ad / :

Support in the event of major disruption

Coreso has developed tools to analyse major disruption affecting several countries, to helpn¥s
derstanding what is happening in Europe in réale.

Collaboration with the GredaBritain symhronous area

Coreso also performs analyses to check the transfer limit values at IFA interconnectors b
France and the UK, and proposes coordinated solutions between National Grid and mainland -
solve congestion on both sidesthe Channel.

Investments in the transmission network have strong externalities, and they can be complementary ér subst
tutes. Theycanresult in a wide range of benefits that includmong others production costs savings, improved
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