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EXECUTIVE SUMMARY

The Work Package 4 (WP4) of the MarketdRES project aimat quantifying the impacts of
different market architecture options, assuming as an input the generation fleet expected for
20201. The tool used to quantify the impacts of market architecture optionss the OPTIMATE
prototype simulation platformz2.

The purpose of the present report D4.2 is to presermitermediate results of the studies performed
with the OPTIMATE tdawithin the WP4 of Market4RES. Two main studies are being performed:

9 Impact on shortterm market outcomes of the foreseen evolution in RES support schemes
(SS) from Feedn-Tariffs (FiT) to Price Premium (PP)

i Impact on shortterm market outcomes of the development of demand flexibility.

The final report of the studies (deliverable D4.3) iforeseen to be completedin the first quarter
of 2016.

These studies are based on detailed specificatic
adequate options for flexibility markets and RES support schemes to tstudied in a crossborder

c o nt M]xInh particular, the abovementioned market architecture options are studied and

compared on the basis of different scenariosin order to assess the sensitivity of the impacts of

each option with regard to the main features of thepower system (installed generation

capacities, demand level, network capacities, etc.)Therefore, three scenarios are considered

within the studies:

I The 2013 scenario, also called reference scenario, mimics the current situation of the
power system.

I The 2020 standard scenario mimics the situation of the power systemwhich can
reasonably be expected at 2020. It is based on official publications such ate National
Renewable Energy Action Plans (NREAHRS], ENTSE 0 s -Y&ae Network Development
Plan (TYNDP) 20144], ENTS@& 6 s Scenari o Outl ook and Adequ
2014-2030 [5], etc.

i The alternative 2020 scenario RES+ is etived from the 2020 standard scenario. RES+
mimics a situation in which RES capacities replace some thermal capacities, the latter
being both more flexible and more costlythrough an increased C@cost.

11t therefore lies in the first Work Stream of theMarket4RESproject, while the second Work Streanfocuses on post
2020 analyses. For more information see .
2 More information can be found on the OPTIMATE website
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Thestudies are run overa siximonth period allowing to grasp the main seasonal effects (February
to July) and ageographical scopecovering 11 countriesas depicted here below.
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The following hypotheses have been considered for the study about RES support schemes:

1 We have considered that all units built between 2013 and 2020 are subject to a Price
Premium (while in real life some will continue to be granted with a Feeénh-Tariff or a
similar scheme);

i It has also been assumed that the Feeéh-Tariff contracts for the units already present in
the 2013 scenario do not evolve, neither in volume (no consideration of thpossible
decommissioning of RES units nor of the possible end of some FiT contracts) nor in price
(no indexation scheme to the current FiT);

9 Price premium at 2020 have been assessed by difference between thevelized costs of
electricity (LCOR at 2020 for each technology, as considered by the IEA, and the average
market price at 2020 as calculated by OPTIMATE, considering alsm acceptable profit
for RES producers

Regarding demand flexibility developmentit is modelled as follows within OPTIMATE:

i Aflexible proportion of demandcan be voluntaily shed when prices reach a certain level,

I No demand shift is modelled, which means that if peak load is shed, there is no
compensation by an increase in electricity consumption during offeak hours.

3 See[1] for details about the crossborder lines considered at 2020.
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Two vaiants have been considered:

T oMiddé variant: in this case, 5% o fcentilelim | oad
other words, during the 5% of the hours covered by the simulation with the highest prices);

19 OHi ghdé variant: i ndisdhédsvhen prisesreachtliie®d certile(inrhe | o a
other words, during the 10% of the hours covered by the simulation with the highest
prices).

Since no demand shift is modelled, the results of this study will have to be considered with
caution.

The market achitecture options under study are combined with the different scenarios as

follows:
Scenarios Demand
flexibility
1 2013 None Low
Default cases 2 2020 standard None Low
3 2020 RES+ None Low
4 2013 Current RES SS Low
(FiT and/or PP)
5 2020 standard Current RES SS (Fi Low
Study on RES support and/or PP) for old,
schemes PP for new units
6 2020 RES+ Current SS (FiT Low

and/or PP) for old,
PP for new units

7a 2013 None Mid
7b 2013 None High
Study on demand 8a | 2020 standard None Mid
flexibility 8b | 2020 standard None High
9a 2020 RES+ None Mid
9b 2020 RES+ None High

The impact of the evolution in RES support schemes and of the development of demand flexibility
are assessed upon five families of indicators:

I Generation mix,
i Costs and profits,
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1 Market prices,
1 Sustainability,
1 Crossborder market integration.

Study about the evolution of RES support schemes

Generation mix

1 RES support schemes have very little impact on thgeneration mix: even if support
schemes impact the way renewable generation is offered on the market, they hardly have
an impact on the merit order curve, and, consequently, on the generation mix.

1 However, there is a more significant impact of support sames on wind and solar
generation in Portugal and Spain This is because these two countries combine the
following features:r epeat ed situations wi geheratomfeommat i v e
non-dispatchable sources high enough to cover the domestic loadand imited cross-
border capacities.

Costs and profits

1 Within all scenarios, the total RES subsidies outweigh the thermal generation costs
incurred in the 11 countries by several billions of euros over the-&onth period despite
the gradual move from Feel-in-Tariffs (FiT)to Price Premium(PP).

1 Feedin-Tariffs would remain a major source of revenues for solar producers at 2020.
Market prices

1 RES support schemes are responsible for a growing occurrence of negative prices
between 2013 and 2020.
Sustainabilty
1 RES support schemes in general and the gradual move from FiT to PP in particular have

little impact on the sustainability indicators (CQ emissions and share of RES).

Crossborder market integration
1 RES support schemes in general and the gradual moveoim FiT to PP in particular have
little impact on crossborder flows, except at the bordes of the Iberian Peninsula.

1 RES support schemes foreseen at 2020 will cause a major increase in the congestion
revenue at the borders of the Iberian Peninsula.

All the analyses foreseen within the WP4 of Market4RES have not been carried oyet.
This intermediate report D4.2 will therefore be complemented by further analyses,
which will result in the final report D4.3.
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1 INTRODUCTION

The Work Package 4 (WP4) othe Market4RES project aims at quantifying the impacts of
different market architecture options, assuming as an input the generation fleet expected for
2020.4

Thetool used to quantify the impacts d market architecture options is the OPTIMATBprototype

simulation platform. This prototype tool was developed during an FP7 projegtwhich aimed at

developing a numerical test platform toanalyse and to validate new market designs whichmay

allow integrating massive flexible generation dispersed in several regional power marketsBy

using OPTIMATE, different market architecture options can be compared thanks to a set of
indicators, while scenarios (installed capacities per energy source, level of peak damd, fuel
prices,crossbor der capacitiesé) ate considered as inpu

The purpose of the present report D2.is to presentintermediate results of the studies performed
with the OPTIMATE tdawithin the WP4 of Market4RES. Twmnain studies are being performed:

9 Impact on shortterm market outcomes of an evolution in RES support schemes (SS);
i Impact on shortterm market outcomes of the development of demand flexibility.

These studies are based onletailed specificationsgatheredin D4 . 1 o0 Speci ficati on:
adequate options for flexibility markets and RES support schemes to be studied in a crokerder

c 0 nt [@]xThig documenthasbeenpr esent ed at an oOexpert22%Wwor ksho
of May, 2015 in Brussels. Expertshave been invited to provide their views upon these
specifications both during the workshop and through a written public consultatiorafter the

workshop. Thefinal specifications of the studies have therefore slightly evolveé compared to the

content of D4.1in order to take into accountthe inputs coming from experts

The presentreport D4.2wilbe presented and di scussed at a o0st
October2015. The final report of the studies (deliverable D4.3) is foreseen to be completed by
the first quarter of 2016.

All the analyses foreseen within the WP4 of Market4RES have notbn carried outyet.
This intermediate report D4.2 will therefore be complemented by further analyses
which will result in the final report D4.3.

4 |t therefore lies in the first Work Stream of theMarket4RESproject, while the second Work Stram focuses on post
2020 analyses. For more information see

5 Grant Agreement 239456.

6 More information can be foundon the OPTIMATE website

7 1t is not the purpose of OPTIMATE to compare the scenarios to each other.


file:///C:/Users/burgholzer/Documents/1_Projekte/2_Market4RES/Deliverables/www.market4res.eu/
http://optimate-platform.eu/
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Thisreport is structured as follows.

In Chapter 2, the methodology used to quantify and compare the impacts of different market

architecture options is briefly explained, as well as the market architecture options that are

studied within Market4RES WP4 and the three scenarios (2013, 2020 standard and 2020 RES+)

built to support the studies. Chapter 2 is actually a rapid summary of D4.& Speci fi cati ons
most adequate options for flexibility markets and RES support schemes to be studied in a cross

bor der [d]oHowesex $ebtion250 Conf i gur ati on of mar ket archi
compared to D4.1.

In Chapter3, the default cases for the three scenarios are analysed in detail. For each scenario,
several indicators are presengd, corresponding to the first family of indicators presented irf1],
namely the generation mix indicators Firstly, global indicators, allowing for rapidly grasping the
general functioning of the markets withinthe default case corresponding to eachscenario, are
presented in onetable; secondly, detailed graphs, per country and per month, are presented to
investigate in more detail the features ofeach scenario.

In Chapter 4, the impacts of an ewlution in RES support schemes on shoterm market
outcomes are presented in a quantified mannerFirstly, a table summarizes the impacts of RES
support schemes on the global indicators for each of the five familiegeneration mix, costs and
profits, market prices, sustainability, and crossborder market integration), by comparison with
the indicators corresponding to the default cases of the three scenarioSecondy, for each family
of indicators, a detailed analysis is conducted.

In Chapter § the impacts of the development of demand flexibility on shorterm market
outcomes are presented in a quantified manner. Two different trajectories are studied: one
corresponding to a moderate development of demand flexibility, and another corresponding to a
large development. Again a table summarizes the impacts of these two trajectories on the global
indicators for each of the five families, by comparison with the indicators corresponding to the
default cases of the three scenariosFor each family of indicators, a detailed analysiswill be
conductedand included inthe nextdeliverable (D4.3).
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2 REMINDER ABOUT TR ETHODOLOGYSEDTO QUANTIFY AND COMPARE THE
IMPACTS OF DIFFERENT MARRKRCHITECTURBPTIONS

2.1.1 TheOPTIMATE methodology to compare market architecture options

OPTIMATE is a numerical simulation platforindesigned to compare wholesale shorerm

electricity market architecture options integrating massive intermittentelectricity generationin

Europe, complying withthe three EU energy pillargeconomic efficiency, climate policy and
security of supply).The OPTIMATE prototype platform was developedring an EGfunded FP7
project (2009-2012°) under the technical direcion of RTE.

The OPTIMATE simulator has been designed rather to give trends in order to ease discussions
among electricity stakeholders on system and market design updates, than to lead to absolute
results. Consequently, variational studies are conducted reference set of designs will be set,
leading to the comparison of results based on selected indicators.

In a nutshell, the methodology to compare market architecture options is the sequence dbur
elements: INPUTSCOREOUTPUTand SCOPHseeFigurel below):

1. INPUTSFirst of all, scenariosare generated. A scenario gathers a set of coherent data
describing the initial state of the Europearpower system and consistent witha reference
equilibrium of the market. Then, a range ofnarket architecture optionsis set.

2. COREThe OPTIMATE core then simulates tlsquence of actionsconducted by market
players. It is made of four main processes: Dadhead, Intra-Day, ReaiTime (ncluding
imbalance settlements)and the (feedback) learningby-doing loop. Each process is made
of modules conducting a specificdask.

3. OUTPUTSONce the core simulation is over, outputs are delivered andtudied using
standard quantified indicators relying on the three pillars of the EU energy policy.

4. SCOPEFHnNally the scope of the analysis is taken into account, namely the impacts of
OPTIMATE modelling assumptions on the results as well ather qualitative issues not
measured by theOPTIMATEimulator.

8

9 @An Open Platform to Test Integration in new MArkeT designs of massive intermittent Energy sources dispersed in
several regional power marketsdé (contract no:239456)


http://www.optimate-platform.eu/
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Figurel. Methodology to compare electricity market architectures

INPUTS CORE OUTPUS SCOPE
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gathering elaboration short-term rr?_arket impacts of
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- Network to load and RES Implementatlon
configuration generation - RES support Quantified issues
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i i to meet load il ; illars of EU modelling
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The report D4. 1 o0Specifications of the most ade
support schemes to be studiedinacrosb or d e r [d@]avastfoeusdd On the first step of this
methodology (INPUTS) and its related tasks, and also provided insights about the indicators to be

studied for each set of scenarios and market architecture options.

The presentdeliverable D4.2 (intermediate report of the studies), as well as the upcoming D4.3
(final report) are focused on thethird step of the methodology (OUTPUT)SA fourth deliverable,
D 4 . Recotinmendations for evolutions in regulatory and remuneration regimes for the involved
players to suppat the most promising instruments at EU and Member State levefs vbé built
upon the fourth step of the methodology (SCOPE).

2.1.2 Main modelling assumptions of the OPTIMATE prototype simulator

As for all models and simulators, real operations and market behaviours are so complex that
simplifying assumptions have to be made. Understanding thee assumptions is important when
interpreting the results of the studies performed with theOPTIMATEimulator.

The main modelling assumptionsmade in the OPTIMATE simulator arthe following [1]:

1 (almost) Perfect competition: all market players try to maximise their profits based on
price forecast and generation scheduling. They behave as prita&kers and do not try to
influence the market price through their potentially predominant position on the market.
However, atday-ahead they do anticipate onintraday liquidity 10

1 Market players behave considering their portfolioThey are allowed to ralispatch their
day-ahead delivery requirements according to unit commitment considerations of their
whole portfolio and also based on their expectations oimtraday and balancing prces.

1 Forward contracts arenot considered All trading and dispatch takes place at dayahead,
intraday and reaHlime.

1 The shortest timeresolution is 30 minutes.

10 See chapter 3.2.2. for more details
16| Page

(Market4RES Deliverable 4.2, Quantification of the expected impacts coming from evolutions of RES
support schemes and demand flexibility, ntermediate report)
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Network limits are never trespassed at reatime. In case of problems, loador generation
curtailment is undertaken.

Electric network nodes are aggregated per clusterit is assumed that commercial
exchanges within a market areaoccur at the day-ahead stagewithout internal network
constraints. It is possible to define several clusters within a m&et area as required.

Thermal generation is modelled with minimum and maximum load start-up costs,
gradients, minimum runtime and off4time, planned outage (maintenance)possibility, risk
of sudden breakdowns(random variable)

Load sheddingis (next to forced curtailment in case of network restrictions) also possible
voluntarily in case of high market prices. A given percentage can be shed apaedefined
price per cluster.

Forecast errorsdecrease with timeto-go. Usually, the closer to rektime, the lower the
forecast error for generation (i.e. intermittent RES, such as wind energy and solpand
load.

TSOs are jointly responsible for congestion managementvith equal allocation of costs

and revenues. TSOs can be assigned different levad$ risk aversion which will influence
their reserve provisions. Each TSO is also responsible for balancing its own control block.

In addition to the above mentioned assumptions, thecurrent version (1.10) of OPTIMATE (used
for the Market4RES studies) hashe following limitations 11:

T
T

Using

Only the dayahead market processis taken into consideration in the simulations?;

Market design options are exactly the same in all market zones, i.e., market design is
fully harmonised, with the exception of RES suppogchemesand demand flexibility level

The average referencewater value, which determines the marginal production cost for
hydro power plants, is setusing the expected marginal production cosg and the core
simulator updates this value

the dayahead module alone allows for assessing the overall pattern of the markets

(generation mix,crossborder exchanges, etc.), while the intraday and resiilme modules would
be needed to assess more precisely aspects as imbalance management.

11 The tool is aprototype which is still under development.

12 Other modules than the dayahead one have actually been added into the prototype simulator (intraday and real
time modules), but they have not yet been sufficiently tested to be included into the scope of thedvket4RES studies.
13 |ssued from the reference market equilibrium, see next page.



Marketﬁ RES

Two main aspects of the dayahead markets are proposed to bethe focus of the OPTIMATE
studies performed within Market4dRES

1 RES support schemes,
1 Demand flexibility.

2.2.1 Comparison of RES support schemes

The Eur opean Cceminohnsestal antdesgyStateWwidGuidelines[2] aim at better

integrating renewables into the internal electricity market, through the gradual introduction of
market-based mechanisms reflecting the increasng maturity of RES technologiesHence, the
guidelines envisage

9 the gradual move from Feedin-Tariffs to Price Premium schemes;
i exposing RES generators to standard balancing responsibilities;

1 measuresto be put in placein orderto ensure that RESproducershave no incentive to
generate electricity under negative prices

Therefore the first goal of this study is to assesshow the gradual move from Feedn-Tariffs to
Price Premium schemesimpacts day-ahead market outcomes

The options to be studiedare the following:

1 Feedin-Tariff (HT), which guarantees a fixed regulated price per unit ofelectricity
generated (MWh) fed into the grid over a specific time perio@whatever the electricity
market price) and encompassinga legal requirement that subsidised energy has priority
access to the network(priority dispatch).Hence,under the FiT schene, the remuneration
of RES producerss alwaysguaranteedirrespective ofthe market price in the OPTIMATE
model. This means thatRES production is integrated as amust+und Since within
OPTIMATE the whole generation is offerad the day-ahead market, this is modelled as
if RES producersubmitted bids at the minimum authorised price {.e.-500 4/MWh). FiT
is the support scheme which iscurrently applied in most EU countries, both for wind and
for PV. Sincein most casesa change in support schemes cannot be retroactive, i will
continue to be applied to existing RES units for yeamsven if Price Premium schemes are
introduced for new units

1 With a Price Premium (PP)scheme, RES producers receive a fixed regulated premium
(extra bonus) over the spot electricity market pricdor the feed4n of renewable energy.
They have no priority dispatch. Under this schem®&ES producers have positive income
as long as the market price is not more negative thathe premium amount. As exgained
above, price premium is the target set by the new EC State Aid Guidelines
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9 No support schemes studying the impacts of thisfictitious4 option will allow isolating
the impacts of RES support schemes on market outcomedn OPTIMATRhis option is
modelled by aprice premium at zeroapplied to 100% of the RES production

The combination of these options within the different countries, and the values of the different
parameters for FiT and PP are detailed in SectioR.5.1 of the present report.

It is worth mentioning that Tradable Green Certificates (TGC), also called Renewable Obligations

(RO) cannot be modelled as such within OPTIMATE. This schemposes a renewable generation

obligation, in most cases, on suppliers to source a certain share of their electricity from renewable
energy. Suppliers can comply with the requiremel
buying renewable energy on the marketTherefore, this scheme can reasonably be approximated

by a Price Premium scheme, where the value of the premium corresponds to the average value

of the green certificatesd price as quoted on th

2.2.2 Evaluation of the impacts of the deployment of demad flexibility

Demand response consists in reducing or activating the load level of consumers for some time

when the price of electricity reaches a high/low enough level. This reduction/activation can either

be directly controlled bythesoc al | ed dmdemgerdsd or bes dedsiots, t o c 0|
provided that they are informed about the actual price of electricity.

In the OPTIMATEimulator, as a default option, most of the demand is considered inelastic, i.e.
voluntary load shedding is not possible. However, demand can be set mve a flexible part
(relative to the overall schedule), which can be voluntarily shed when price signals are adequate.
For example, when prices are verljigh, part of the electricity consumption may lead teeconomic
lossesfor big consumers such as industrial plantsand load units may prefer to decreasetheir
consumption 15

Hence, thesecond goalof this study is to assesshow demand flexibility would imgact the day
ahead market outcomes.

The following options are proposed:

1 dowd load flexibility: as default, demand flexibility is 0%, so that no voluntary load
shedding & possible;

1 o Mi do ighdlaad flexibility: in this case a certain percentageof the overall load in
each market area is willing to shed if the dayahead market price is abovea certain price.
The exact values of these parameters considered within the studies are detailed in
Section 2.5 of the present report

14 This is a purely theoretical case since at least existing renewable plants will be under FiT for several years.

15 By contrast, as a last resort means of balancing the syste, involuntary load shedding, due to scarcity at maximum
prices, is applied in the OPTIMATE model whatever the level of load flexibility chosen by the user.
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The abovementioned market architecture options are studied and compared on the basis of
different scenarios, in order to assess the sensitivity of the impacts of each option with regards
to the main features of the power system (installed generation capacities, demand level, network
capacities, etc.).

Table 1 below presents themain features of the scenarios being elaborated for the studietn a
synthetic and qualitative manner The detailed description of each scenario can be found ifi].

Tablel.

Scenarioname Installed | _, ... | Economic
nsta .?d Flexibility
capacmes

Current CQ

2013 scenario

Main features of each scenario

Thermal generation

Current

Current

Economic
parameters

RES

generation

Current

Demand

Current level of

Transmission
network

Current cross

(reference installed flexibility price and fuel | installed "
scenario) capacities level costs capacities peak demand border capacities
Installed Level of peak
2020 standard capacities at ﬁ:}:{;ﬂ:y \Ijglrue;e:tn 2020 RES | demand at 2020 igsg;trigzs-border
scenario 2020 as level 2020 objectives | as foreseen as foreseen today
foreseen today today
Significant . .
- Higher Higher CQ - Level of peak
2020 RES+ decreasen | fiexibity of | price (mpact | AOa "' | demandat 2020 | 2920 crossborder
scenario installed thermal on merit capacities as foreseen as?oreseen toda
capacities units order curve) P today y

The 2013 scenario, also called reference scenario, mimics the current siation of the power

system.

The 2020 standard scenario mimics the situation of the power system which careasonably be
expected at 2020. It is based on official publications such as the National Renewable Energy
Action Plans (NREAPS)3], ENTS@E dTenYear Network Dewelopment Plan (TYNDP2014 [4],

ENTS@& 6 s

Scenario

Out |

ook

and

A2080d5], atc y

Forecast

The alternative 2020 scenarioRES+is derived from the 2020 standard scenario RES+ mimics
a situation in which RES capacities replaceome thermal capacities, the later being both more
flexible and more costly By contrast with what has been presented ifil] (Table 21), not only the
flexibility of coal and gas plants will be improved compared to the 2020 standard scenarjdut

also the flexibility of nuclear power plants. This has been suggested at the Expert Workshop on

22 may 2015. Quantified elements for adapting the flexibility parameters of nuclear plants within
OPTIMATE have been found [6].

All scenariosare built upon the same geographical scopeovering 11 countries as depicted in
Figure2 below (see[1]).

rm
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Figure2. Geographical scope of the studies
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For each of thethree scenarios defined, adefault OPTIMATE casés run: it provides a starting
point from which variational studies, covering thetwo types of defined market architecture
options are performed. Thesedefault casesare based on the following hypotheses:

9 No RES support scheme;
i Low demand flexibility.

Table2 presents how the parameters of thedefault casesare modified for each scenario. litially,
9 OPTIMATE casesere plannedto be run, for the two types of market architecture options (see
Table 5 in[1]). It was foreseen torun each caseover selected periods of the yearcovering
different seasons (forinstance one winter month, one summer month and one migeason
month), leadingto around 27 case variants.

Compared to[1], two changeshave been implemented:

i1 To gasp the potential seasonal effects of the different market architecture options, while
avoiding multiplying the number of cases run with OPTIMATE, each case is run over 6
months, from February to July. This covers 3 different seasons, aagroxyof the different
indicators at yearly level ould be calculated by doubling each indicator corresponding to
the period studied?¢,;

16 Obviously doubling the indicators corresponding to the-fonth period studied allows getting onlya proxy of the

yearly value of the indicators: as an example, consumption peaks potentially occurring in December are not taken into
account.
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i1 Following the expert workshop andthe public consultation, it is proposed to run two
different variants for demand flexibility, mimicking respectively a moderate development
(0Omi d6 variant) and a rapid development (O0hi

Table2. Proposed combinations ofscenarios andmarket architecture options

Scenarios Demand
flexibility
1 2013 None Low
Default cases 2 2020 standard None Low
3 2020 RES+ None Low
4 Current RES SS
2013 (FiT and/or PP) Low
5 Current RES SS (Fil
Study on RES supporf 2020 standard agg/(f)(;rPan V\iournoi'lg’ Low
schemes
6 CurrentRESSS (FiT|
2020 RES+ and/or PP) for old, Low
PP for new units
7a 2013 None Mid
7b 2013 None High
Study on demand 8a | 2020 standard None Mid
flexibility 8b | 2020 standard None High
9a 2020 RES+ None Mid
9b 2020 RES+ None High

Otherpossible combinations of scenarios and market architecture options could be considered.
Forinstance, depending on the results of the studies on load flexibility and RES support schemes,
studying the combination of high load flexibility with different RESsupport schemes could be of
interest.
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2.5.1 Configuration of RES support schemes

To implement the methodology previously described, precise values have to be defined for wind

and solar support schemes:
9 Proportion of installed capacities under Feedn-Tariff (FiT) and average value of theFiT

in each country;

i Proportion of installed capacities under Price PremiunfPP) and average value of thePP.

Assessing these four values per countpnper type of energy sourcewind and PV) and per time

horizon (2013 and 2020) requires several hypotheses and simplificationsfor example the

different tariffs applied to the different categories of capacities (onshore / offshore for wind,
ground-mounted / roof top for PV)are approximated by onesingle value.

Assessment of airrent RES support schemes (2013 scenario)

Regarding the support schemes applied to PV generationalculating the average supportis very
complex because market segmentation differs in the different countries, aad support has
changed from one year to another. With the support osolarPower Europeit has therefore been

decided to consider an average feedh-tariff in all countries of 2500 / MWh .

significant share of PV installed capacities is suported by a price premium scheme (4375 MW/,
i.e. 12% of total installed capacities). The premium is at about 107 / MWh
account of all market segments, from residential to groundmounted installations). Table3 below

shows the values that are being considered in the studies.

Table3.

Percentage ofPV

AT BE

generation sold under feed KKo[oR% NX0[OL7

in tariff

PVFeedin tariff average
(G/ MWh'

val ue

Percentage ofPV

generation sold under
premium prices

PVpremium average price

(a/ MWh)

FR

DE

GB

IT

Current (simplified) support schemes for PV generation

NL

Oonl vy

PT ES CH

17 See

(average

100% 100%100%|100%|100%100%
250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250
0% | 0% |12%| 0% | 0% | 0% | 0% | 0% | 0%
- - |107| - - - - - -
Assessment by TECHNOFI asslarPower Europe
and

n

Ger |

v al

u ¢


http://www.germanenergyblog.de/?p=17680
http://www.netztransparenz.de/
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The support schemes currently applied to installed capacitiesf wind have kindly been provided
by EWEA. Simplifications have beeapplied to the initial input data: for example, Tradable Green
Certificates(TGChare approximated with a Price Pemium; for offshore and onshore PPs and FiTs,
average values, weighted by the installed capacities, are calculated. The result of these
adaptations is presented inTable4 below.

Table4. Current (simplified) support schemes for wind generation

AT BE FR DE GB IT NL PT ES CH

Percentage of wind
generation sold under 100% 0% |100%| 0% | 0% |100%| 0% [100%100%/100%

feed-n tariff

Wind Feedin tariff
average valu

94 - 82 - - | 122 - 74 | 81 | 146

Percentage of wind
generation sold under 0% [100%)| 0% [100%|100% 0% [100%| 0% | 0% | 0%

premium prices

Wind premium average 82

price (0/ MWh S A I I B N I

Source: EWEA Calculations: TECHNOFI
Assessment of future RES support schemes (2020 scenarios)

For assessing the RES support schemes at 2020, weed again to simplify the problem:

i Hirstly, we consider that the support schemes for the units already present in the 2013
scenario do not evolvewe apply no indexation scheme to the current FiT, and we neglect
the possible decommissioning of RES units as well as the possible end of sonkéT
contracts;

i Secondly, we considetthat all units built between 2013 and 2020 are subject to a Price
Premium, as foreseen in[2].

For solar generation, v assess the PP at 2020, thebelow-mentioned method is appliedfollowing
the advice of SolarPower Europe
I The levelized cost of electricity (LCOR8 at 2020 displayed in the IEA Technology
Roadmap [7] (Tables 4 and 5)is considered as the best estimate for the 2020solar
production costss®;

18 The LCOE represents the present value of the total cost (overnight capital cost, fuel cost, fixed and variable O&M
costs, and financing costs) of building and operating a generating plamver an assumed financial life and duty cycle,
converted to equal annual payments, given an assumed utilisation, and expressed in terms of real money to remove
inflation.

19 |t is an advice from SolarPower Europe to consider this valué has been calcubted as the average between the
projections for LCOE for newuilt rooftop PV systems and for nevbuilt utility-scale PV plants. For both, the IEA
considers aweighted average cost of capital WWACC) of 8%Actual LCOE might be lower with lower WACC.
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To the LCOE is added an acceptable profit for RES producers: 7% is considered;

The PP is obtained by difference between thaverage market priceat 2020 calculated
without any support scheme (default cases for the 2020 standard and RESscenarios)
and the LCOE, taking account of the 7% profit for RES producers.

The PP values which are obtained thanks to this method are preserden Table5 (2020 standard
scenario) andTable6 (2020 RES+ scenario). They are applied to new solar capacities, both for
PV and Concentrated Solar Power (CSEMits.

Table5. Assessment of support schemes for solagenerationfor the 2020 standard
scenario

AT BE FR DE GB IT NL PT ES CH

Percentage ofsolar generation
sold under feedin tariff

PVFeedin tariff average value

(G/ MWh)

Percentage ofsolar generation
sold under premium prices

PVpremium average price
( 0/ MWh)

Source: IEAS Calculations by TECHNOFI with the support of SolarPower Eur

Table6. Assessment of support schemes for solar generation for the 2020 RES+
scenario

AT‘BE FR DE GB IT NL PT ES CH

Percentage ofsolar generation

0 0 0 0 0 0 0 0 0 0
el e e (T 18%|62% | 29% |44% | 20% | 56%|15% | 13% | 28% | 18%

PVFeedin tariff average value

(a/ MWh) 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250 | 250

Percentage ofsolar generation
sold under premium prices

82%|38% | 71%|56% | 80% | 44% | 85% | 87% | 72% | 82%

PVpremium average price

(a/ MWh) 71 | 73 |101| 71 | 71 | 68 | 71 | 102|100 | 72

Source: IEAS Calculations by TECHNOFI with the support®6larPower Europe

For wind, the reasoning is the same. However, the IEA Technology Roadmap for Wind Pd&gr
does na provide values as detailed as the PV Roadmap. However, in a presentation related to
this Roadmap[9], low and high values for LCOE are provided, both for offshore and onshore wind
units.
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Based on this input, average LCOE values have been calculated for onshore and offshore wind,
and have been applied in the different countries depending on the proportioof onshore and
offshore wind capacities set within each of the two 2020 scenarios. The average PP values which
are obtained thanks to this method are presented ifTable7 (2020 standard scenario) andTable

8 (2020 RES+ scenario)

Regarding the 2020 RES+ scenario, it can be noted that in countrieshere no offshore wind is
to be installed, the PP for wind is very low (because the average LCOE for onshore wind is quite
close to the average market price).

Table7. Assessment of support schemes fowind generation for the 2020 standard
scenario

AT‘ BE FR DE GB IT NL PT ES CH

Percentage of wind
LT N0 ST (MU Ta D TR e (ol 50% | 0% |41%| 0% | 0% |71%| 0% |83%|88%| 5%
tariff

wind Feedin tariff average
value (0/ MWh)

Percentage of wind
generation sold under 50%100%| 59% |100%[100% 29% [100%| 17% | 12%| 95%
premium prices

94 - | 82 - - 1122 - | 74 | 81 | 146

Wind premium average price
(a/ MWh) 19 | 51 |48 | 41 | 74 | 10 | 50 | 44 | 43 | 20

Source: IEAS Calculations by TECHNOFI

Table8. Assessment of support schemes for wind genetin for the 2020 RES+
scenario

AT BE FR DE GB IT NL PT ES CH

Percentage of wind
T EN (o] ) MITa  STR e (il 33% | 0% | 26% | 0% | 0% |55%| 0% |70%|79%| 3%
tariff

Wind Feedin tariff average
value (0/ MWh) 94 - | 82 - - 122 - | 74 | 81 | 146

Percentage of wind
generation soldunder 67% |100%| 74% |100%(100% 45% [100%| 30% | 21% | 97%
premium prices

Wind premium average price
( 0/ MWh) 6 | 40 (43 | 28 |61 | 3 |38 |38 |3 | 7

Source: IEAS Calculations by TECHNOFI
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2.5.2 Configuration of demand flexibility

Within OPTIMATE, demand flexibiliig modelled as follows:
i Aflexible proportion of demandcan be voluntaily shed when prices reach a certain level

1 No demand shift is modelled, which means thatif peak load is shed there is no
compensation by an increase in electricity consumption during ofpeak hours.

The following configuration is adopted for thed mi adrmvd o JVariagtsh 6

i1 Mid: in this case,5% of the load is shed when prices reach th@5th centile (in other words,
during the 5% of the tours covered by the simudtion with the highest prices);

9 High in this case,10% of the load is shed when prices reach thé@0t centile (in other
words, during thel0% of the hours covered by the simaltion with the highest prices).

Since no demand shift § modelled, the results of this study will have to be considered with
caution.
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3 BRIEF ANALYSIS OF THE DEFAULT CASES

In the default cases corresponding to each of the three scenarios, it is supposed that no support
schemes are applied and thatthere is nodemand flexibility, as indicated inTable2 (page 22).

Someindicators caresponding to these default cases are presented in this chapteto illustrate
the general functioning of the markets under the 3 different scenarios. They are focused on the
first category of indicators amongst thefive categories presented if1] (Tables 1, 2 and 3):

Generation mix
Costs and profits
Market prices,
Sustainability,

= =4 4 4

Crossborder market integration.

Actually, for the first category of indicators, namely the generation mix indicatorsseveral
indicators are calculated and presented:

i Firstly, global indicators, allowing for rapidly grasping the main features afach scenario
over the 6month period studed, are presented in onetable;

1 Secondly, detailed graphs, per country and per month, are presented to investigate in
more detail the features of thedefault case corresponding to each scenario

Then, for the studies about RES support schemes and demanteXibility, the impact of the
changes in market design on the indicatorsovering the five categoriess presentedin chapters
4 and 5.

3.1.1 Generation mix global indicators

The global indicatorsabout the generation mix for the default case for the 2013 scenario are
presented inTable9 below. These values are calculated a$ollows:

1 Generationfrom each type of energy source, as well a®ad, isthe sum over all the hours
of the period studied (6 months) of the dayahead clearing quantities corresponding to
each type of generation units and to loadGeneration from RES takes into account not
only wind and solar generat#wtamb getrealas d omy d

i Thescore fornegative residualload is the average value, over all countries, of the number
of hours during whichresidual load is negative: this means thatlomestic load is covered
by non-dispatchable generation (must+un, solar and wind)

20As explaineduind referdmaot the production that run-s indepe
offri ver generation -andotmai otheconsi smushg in Combined Heat
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Table9. Generation mix gldoal indicators (2013 scenario, default case)

Global indicators (absolute
values over 6 months)

Generation from RES 443 TWh
Wind 72 TWh
Solar 50 TWh
Other RES 322 TWh
Generation from nuclear 386 TWh
Generation from fossil fuels 371 TWh
Coal 321 TWh
Gas 51 TWh

Qil 0.017 TWh

Total load 1,200 TWh

Score fornegative residual load 252 h

It can be observed that d generation is lower than what ismeasuredin realife. This is because
only the dayahead module of OPTIMATEHSs considered for the studies: in realife, oil units
significantly intervene in shortererm markets such as intraday and balancing.

3.1.2 Generation mix detailed indicators

Figure 3 below shows for each country, the production per energy sourairing the 6-month
period covered by the studiegthe number above each bar represents the total production).

Figure3. Total

production per energy ﬁZWh

source andper country o
(2013 scenario, default 3°°

case) 250

[ |
200
146 _156
150 —_— 121
100 —
54

38 37

50 pr—— 29
—

N N m N =

AT BE FR DE GB IT NL CH

PT ES

H Nuclear ® Coal Gas mOil Must-run B Solar Wind ® Hydro dams

Figure 421 below shows the hourly production (per energy source) and load within each country.
Overall it shows a onormal é6 behaviour of the ma
observed inreal life. Within each market,domestic load does not always match the production,

which is a normal situation corresponding tdhe existence ofcrossborder exchanges.

21 Note that the graduation on tte vertical axis of the ten graphs is adapted to the scale of each market.
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Figure4. Hourly production and load per countryin MW (2013 scenario, default case)
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(Market4RES Deliverable4.1, Specifications of the most adequate options for flexibility markets and RES
support schemes to be studied in a crosborder contexi
































































































