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1. Ausbau von
Erneuerbaren Energien
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Green-X: EE Investitionsmodell (http://www.green-x.at)
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Szenarien fur den EE Ausbau in der EU28

Entwicklung der Stromerzeugung aus EE Anteil von EE an der Bruttostromnachfrage
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Szenarien fliir den EE Ausbau in der EU28
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Szenarien fliir den EE Ausbau in der EU28
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2. Anderung der
Preischarakteristik durch
Erneuerbare Energien




Der Merit-Order Effekt

Der MO-Effekt beschreibt ganz allgemein die Beziehung zwischen Strommarkipreisen und den
Anteil an Stromerzeugung aus Erneuerbaren Energien
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Empirische Analyse

Historische MO-Effekte in Europas Strommarkten
in EUR/MWh pro Prozent Winderzeugung
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General framework (energy-, CO2-prices, grid development, electricity demand

r

| Framework assumptions :
| = Applied RES policy instruments and targets |
| " Techno-economic input data for RES generators
Non-economic barriers for RES deployment |

Indicators of RES development
= Target achievement and corresponding

Green-X

) support costs
Geographical scope: EU28 = Technology mix of RES deployment per
Time range: 2015-2050 year

= Avoided carbon emissions

Time resolution: yearly

: RES deployment paths :

| = Generated RES electricity per year and |
technology

I Diffusion constraints of RES-e expansion I

__________ Electricity market equilibrium
: Model iteration M d l'ket I nv. M Od . * In-and :_'ivesltme"t d‘:CiSiO"S of

+ RES- ket val . . conventional generators
I, Addigor::{gﬁidvgouset: Geographical scope: EU28 = Electricity market price levels incl.
L - Time range: 2015-2050 mark-ups resp. capacity prices

Time resolution: system states = Merit-order effect induced by RES-e
deployment

| . . .

Conventional generation mix evolvement :

= Installed capacities of conventional generators |
Yearly market revenues per technology

Generation dispatch decision

= Generation costs including operational
restrictions and costs for flexibility

= Redispatch costs

= Market values of RES-e generators

HIREPS

Geographical scope: EU28
Time range: 2020, 2030, 2050

Time resolution: hourly




Entwicklung der mittleren Strompreise
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Entwicklung der mittleren Strompreise
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Entwicklung der mittleren Strompreise
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Modellierte MO-Effekte in ausgewahlten Landern

Differenz zwischen Marktvolumen mit und ohne erhohten EE Anteil
in Mio. EUR
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Entwicklung der stundlichen Preislevels

Stundliche Preisdauerlinie fur verschiedene EE Szenarien
in EUR/MWh und fur 12 x 4 Wochen
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Entwicklung der Preisspreads

Maximal nutzbare Preisspreads am Beispiel Deutschlands fur das Jahr 2030
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3. Wettbewerbsfahigkeit von
Erneuerbaren Energien




Wettbewerbsfahigkeit von Erneuerbaren Energien

Die Wettbewerbsfahigkeit von EE wird daran gemessen, inwiefern die potentiellen Marktertrége féhig
sind die langfristigen Grenzkosten abzudecken

« Revenue risk » High fossil fuel prices

» Market entry costs » Adequate externality pricing

» Provision of balancing and ancillary
services

+ Market integration costs

« Decreasing market value of vVRES
with increased penetration

')
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=
=
v
>
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&

» Technology cost-reductions

+ Long-term policy stabili
. RESAEY ty + Limited flexibility in the power
systems

Barriers

» National RES sector maturity

Favorable national financing *+ Subsidies to conventional generators

conditions
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Das Rennen zwischen Erzeugungskosten und Marktwert

Durchschnittliche Erzeugungskosten (inkl. Aufschlage und Zinsen) von EE

Durchschnittlicher Marktwert von EE

in EUR/MWh
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Simulationsergebnisse von relativen Marktwerten

Ein deutlicher Wettbewerbsnachteil von variablen EE istihre Tendenz den Strompreis zu driicken in
Zeiten in denen sie stark einspeisen. (Kanibalisierungseffekt)

Market revenues compared to base load % Variable RES gy
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1.00 - .
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095 0O ¢ v load generators
| 50%
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Schlussfolgerungen

d

d

d

Verschiedene Szenarien zeigen, dass in der EU variable EE den grofdten
Zuwachs bis 2030 erfahren werden

In der Vergangenheit haben EE die Strompreise schon merkbar in vielen
Landern (relativ) verringert

In Zukunft kann es aufgrund der zeitlichen Verschiebung von Knappheits-
Situationen zu langerfristigen Strompreisschwingungen kommen

Die Wettbewerbsfahigkeit von EE hangt von der Lucke zwischen
Erzeugungskosten und potentiellen Marktertragen ab

Entscheidend fur die Wettbewerbsfahigkeit (effiziente Integration) von

variablen EE ist eine adaquate Anpassung des dahinterliegenden Backup-/
Nachfragesystems

Bei einem stark ambitionierten zeitlichen Ausbau von variablen EE kommt es
zu erhohten Preisdruck, mehr Preisvolatilitat und erhohten Forderkosten, wenn
das dahinterliegende System sich nicht schnell genug anpasst.

André Ortner
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Backup
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Auswirkungen von EE auf Stromsysteme

0 Gesamtkosten der Erzeugung des Systems

O Markte

Preisniveaus
Preisvolatilitat
Marktmacht
Regelenergiepreise
Verteileffekte

YV VYV VYV V

O Netze

Versorgungssicherheit (System Adequacy)
Regelenergienachfrage

Grenzuberschreitende Lastflusse

Netzbetrieb / -stabilitat
Netzausbaunotwendigkeiten / Netzausbaukosten

VV YV VYV V
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Auswirkungen von EE auf Stromsysteme

0 Gesamtkosten der Erzeugung des Systems

/EI Markte \

Preisniveaus
Preisvolatilitat
Marktmacht
Regelenergiepreise

\> Verteileffekte /

O Netze
» Versorgungssicherheit (System Adequacy)
» Regelenergienachfrage
» Grenzuberschreitende Lastflusse
>
>

YV V V V

Netzbetrieb / -stabilitat
Netzausbaunotwendigkeiten / Netzausbaukosten
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DIACORE: Kosten-Nutzen-Analyse von EE

RE support (e.g.

no RE support ——+ RE deployment FIT, quota, grants, ...)

————— > other effects
level: energy system micro-economic macro-economic
i \} N\
system-related distributional macro-economic
effects

effects (price and financial effects) effects

N N N

benefits: costs:

. o positive: | negative: gross net
« avoided  additional S P . burden . s . t
environmental| generation X Impacts. | impacts
costs costs BiEE sharing » sectoraljobs |+ employment

* investment, ... |economy-wide

http://www.diacore.eu/

André Ortner 26 14. Symposium Energieinnovation, Technische Universitat Graz
TU Vienna — Energy Economics Group (EEG) = = Graz, 10-12 Februar 2016



Marktwert Definition

Costs vs. Revenuesin the
electricity sector [EUR/period]

Conventional |
generators

—_—

fixed costs
of conv.

var, costs
of conv.

Common definition of market
value: only day-ahead
market revenues

market
value

capacity
payments

Market value of RES is
___— influenced by future

. fixed costs market ma rket deS| N
Dispatchable dRES value 9
RES generators o
var, costs suppo
of dRES. \\ payments
market
. fixed costs value Increase in suppo'rt
Variable RES oIVRES | romarket value dus
generators & Y A varability
var. costs support
_ of vRES &,um_\“ N payments
| | | | |
Total System Revenu.es Ofl Revenues of Revenues of Integration
Costs conventiona dRES VRES costs of VRES
generators
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Dri fRES-E
- Policy levers to actupon the driver Specific Policy Actions
Competitiveness

Investmentcosts

Cost of capital

Operating costs

Power market prices
and revenues

(72)
L
2
4
L
>
LU
14

Reducing administrative barriers

Improving grid access

Increasing (power) market preparedness for RES-E

Ensuring policy and regulatory stability

Facilitating access to finance

Limit revenue risk

Variable RES-E have almost no operating costs

Adapt wholesale market designto accommodate
RES-E and limit merit order effect

Manage transition phase (phase-out offossil and
phase-in of RES)

Ancillary services market design

Internalise (appropriate pricing) of externalities

Reduce subsidies to conventional technologies

Stable, transparent and streamlined administrative procedures.
Implementation of ‘one-stop-shop’ permitting approaches.

Predictable long-term grid development

Fair cost-sharing rules for RES-E grid connection

Adoption of simple market rules

Intra-day market

Fairbalancing rulesfor RES-E

Avoiding sudden policy or regulatory changes, which resultin
increased development effortsand delays in project completion.
Implementation of guaranteed loan schemes

Provide remuneration scheme that limits market price risk and
secures revenues (e.g. Contract for Difference, long term PPA,
capacity payment?)

Power market design that limits balancing risks (see below)
Avoiding retroactive and sudden policy changes, resulting in lower
revenues than expected.

Reliable RES-E targets

Increase flexibility of power system (demand response, grid
extension, flexible generation sources)

Establish liquid intraday markets

Late gateclosure

Emission Performance Standards

Capacity payments?

Allow for additional revenues for RES by giving RES accessto the
ancillary services market

EUETS reform

Carbon taxes

Othertaxes addressing other externalities e.g. health issues.
Phase-out of direct and indirect subsidies to other energy sources
like coal and nuclear, e.g. xxx

André Ortner
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Market values

 The market value in absolute terms is defined as the revenue a certain generator eams from marketing its

generationin all electricity markets in a certain period of time.
s m_m | m ...Market index (forward, day-ahead, intra-day, balancing)
MV = Z Zp t dir { T ...Market clearing interval 7 within year ¢

m

« The market valuein relative terms is defined as the (generation-weighted) average price a generator eams for
its generationin a certain period of time.

Yom 2P @ [ m ...Market index (forward, day-ahead, intra-day, balancing)
Yo Do 4 7 ...Market clearing interval 7 within year ¢

muv;t =

- Within DiaC@re we will calculate market values that consider only (multi-Jannual revenues from the day-ahead
market (further referred to as Spot market -> main part of revenues) on a hourly basis.

« The producer surplus of a certain generator (RES/CONV defined on technology level) is defined as

S
qi‘r
Including flexibility costs: Ramping, start-up s,
PSiy =MVy —VCy = Z pf : qu - /Ci(Q)dq variable O&M costs, etc..
T
0

PS;; ... Producer Surplus of conventional generator i in year ¢
MV ... Market Value (Revenue) of conventional generator 7 in year ¢

V... Variable Cost of conventional generator ¢ in year ¢
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Brennstoff- und CO2-Preise

Preisannahmen fiir fossile Energietrdgerund EU-ETS

Brennstoffpreise in € 2010/MWh
80

== =Hard coal

CO2 Preise in € 2010/MWh
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Quellen: PRIMES Reference Scenario 2013, National Technical University of Athens.
PRIMES Reference Scenario 2016, National Technical University of Athens.
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Entwicklung des Kraftwerksbestands

Entwicklung der Nuklearkapazitaten in der EU
in MW
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PLATTS Kraftwerksdatenbank
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Entwicklung des Netzausbaus

Zusatzlicher Netzausbau in der EU

nach ENTSO-E Netzenwicklungsplan TYNDP 2014 ) )
Netzclustering — Algorithmus

Node grid model 100% model size
~, Zone 3
Zone 2 ‘

Zone 1 Zone 1

~, Zone 3

1 node-per-zone model 50% model size
VA: \'Zone 3

Zone 2

Zone 1

Zone 1 {Zone 3

Q cluster

—— grid line maintaining in next reduction step
—— grid line to be removed next step reduction step
—— inter-zonal grid line

N

Quellen: Eigene Berechnungen basierend
auf ENTSO-E
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Ortner A., Kruijer T. 2014: “Simplification algorithms for
large-scale power system transmission grids”




Market values as distinct cost-be

nefit category

Example: Schematic cost-benefit overview for one scenario

Costsvs. Revenuesin the electricity sector

Common definition of marketvalue:

[EUR/period] only day-ahead marketrevenues
Mercom. marke Merit-Order effect;
| Altersthe share of fix to variable
cost ratio
porioany N (future marketdesign?)
) capaci
payments

fixed costs market
dRES value
var. costs support
of dRES. payments

fixed costs
of vRES

market
value

707

&

Increase in support
payments / reduction
in market value due to

varability

var. costs support
of vRES & X payments
| [ | | | I
Revenues of ;
Total System i Revenues of Revenues of Integration
conventional
Costs dRES VRES costs of VRES

generators
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