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Kurzzusammenfassung (Abstract)

Bei dem vorliegenden Bericht handelt es sich um den Schlussbericht des Projektes ,Untersuchung der
klimapolitischen Wirksamkeit des Emissionshandels - erweiterte Analysen (EU-ETS 6)“. Ziel des Pro-
jektes war, zur Verbesserung der Evaluation von Effektivitat und Effizienz des EU-Emissionshandels
(EU-EHS) beizutragen. Im Rahmen der wissenschaftlichen Beratung des Umweltbundesamts (UBA) als
vollziehender Behorde und des Bundesministeriums fiir Umwelt, Naturschutz, Bau und Reaktorsi-
cherheit (BMUB) als federfiihrendes Ressort sollten Methoden zur ex-post Bewertung des EU-EHS
weiterentwickelt und Erkenntnisse fiir ex-ante Analysen abgeleitet werden. Dabei baute das Projekt
auf Ergebnissen eines fritheren Projektes , Evaluierung und Weiterentwicklung des EU-
Emissionshandels (EU-ETS- 5)“ auf. Im vorliegenden Bericht wurden methodische Ansatze fiir eine ex-
post Bewertung der Kosteneffizienz des EU-EHS betrachtet und verschiedene ,Tiers“ (Ebenen) unter-
schiedlicher Komplexitidt vorgestellt und angewendet. Kern war jeweils der Vergleich zu einem fikti-
ven ,Alternativen Politikszenario“ mit identischer Emissionsminderung, aber ohne die Flexibilitit des
Handels mit Emissionsberechtigungen. Dafiir wurden Fallstudien durchgefiihrt unter Verwendung von
Grenzvermeidungskostenkurven (abgeleitet aus einem Energiesystemmodell) und je einem Bottom-
up-Modell des Energiesektors und der Industrie. Neben dem gewahlten Modellinstrumentarium un-
terscheiden sich die Fallstudien im Wesentlichen in der Herleitung bzw. der konkreten Ausgestaltung
des i) Counterfactual-Szenarios, ii) des Alternativen Politikszenarios, iii) der Detaillierung der Sekto-
ren, iv) der Vermeidungskosten und CO-Preise und v) der zeitlichen Perspektive. Fiir die Analyse der
Wirksamkeit des Emissionshandels ist immer eine Abwégung zwischen Detail in der Breite der Analy-
se oder in der Tiefe notig. Im Ergebnis zeigt sich, dass alle Ansidtze dem Emissionshandel Effizienzge-
winne gegeniiber einem Alternativen Politikszenario zuschreiben. In der Fallstudie zum Tier2-Ansatz
beispielsweise - einem Ansatz mit mittlerer Detailtiefe - werden die Emissionshandelssektoren in ver-
schiedenen Aggregationsebenen iiber alle teilnehmenden Lander hinweg jeweils fiir die gesamte 2.
Handelsperiode und fiir ein einzelnes Jahr der 2. Handelsperiode abgebildet. Die (Vermeidungs-) Kos-
teneinsparungen im Emissionshandelsszenario gegeniiber einem Alternativen Politikszenario liegen je
nach Ausgestaltung zwischen 15% und 50%. Der Emissionshandel zeigt demgemaf einen deutlichen
Effizienzgewinn gegeniiber einem Alternativen Politikszenario.

Short Summary (English Abstract)

This document presents the final report of the project “Efficiency and effectiveness of the EU ETS -
extended analyses (EU-ETS 6)”. The project aims to deliver further contributions for the evaluation of
the efficiency and effectiveness of the European Emission Trading System (ETS). In doing so, the pro-
ject provides advice to the Federal Environmental Agency (UBA), as implementing authority, and the
Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety (BMUB) as
the competent ministry, on methodological aspects of ex-post assessments and lessons learned for ex-
ante analyses. The project builds on a previous study, titled , Evaluierung und Weiterentwicklung des
EU-Emissionshandels (EU-ETS- 5). The current project focusses on methodological approaches for an
ex-post assessment of the effects of the EU ETS and introduces different “Tier” levels reflecting differ-
ent scopes of complexity. The core of each analysis is to compare estimated abatement costs under the
EU-ETS with cost estimates for a fictitious “alternative policy scenario” that aims to achieve the same
total abatement but does not provide the flexibility of trading allowances. Case studies are conducted
based on marginal abatement cost curves derived from a partial equilibrium model and from bottom-
up models for the industry and the electricity sector respectively. Besides the different modelling ap-
proaches, the case studies differ essentially in the design and assumptions chosen with respect to the
i) counterfactual scenarios, ii) alternative policy scenario, iii) sector detail, iv) abatement costs and
CO2-prices and v) temporal perspective. An efficiency analysis of the ETS always implies a trade-off
between breadth and depths of the analysis. Yet, the case study analyses all reveal efficiency gains for
the ETS compared to an alternative policy. For example, the Tier 2 analysis —covering a medium level

5



http://www.umweltbundesamt.de/service/glossar/e?tag=EU#alphabar
http://www.umweltbundesamt.de/service/glossar/e?tag=EU#alphabar

Effektivitdt des Emissionshandel — erweiterte Analysen — Schlussbericht

of detail - investigated different sector disaggregation and different time frames for the 2nd trading
period and concluded that 15% to 50% of abatement costs were saved within the ETS compared to the
alternative policy scenario. Emissions trading thus leads to important efficiency gains according to
these estimates.
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Uberblick iiber das Projekt und Zusammenfassung

Bei dem vorliegenden Bericht handelt es sich um den Schlussbericht des Projektes ,,Untersuchung der
klimapolitischen Wirksamkeit des Emissionshandels - erweiterte Analysen (EU-ETS 6)“. Ziel des Pro-
jektes war, zur Verbesserung der Evaluation von Effektivitat und Effizienz des EU-Emissionshandels
(EU-EHS) beizutragen. Im Rahmen der wissenschaftlichen Beratung des Umweltbundesamts (UBA) als
vollziehender Behorde und des Bundesministeriums fiir Umwelt, Naturschutz, Bau und Reaktorsi-
cherheit (BMUB) als federfiihrendes Ressort sollten Methoden zur ex-post Bewertung des EU-EHS
weiterentwickelt und Erkenntnisse fiir ex-ante Analysen abgeleitet werden. Dabei baute das Projekt
auf Ergebnissen eines fritheren Projektes , Evaluierung und Weiterentwicklung des EU-
Emissionshandels (EU-ETS- 5)“ auf. Im vorliegenden Bericht wurden methodische Ansatze fiir eine ex-
post Bewertung der Kosteneffizienz des EU-EHS betrachtet und verschiedene , Tier” (Ebenen) unter-
schiedlicher Komplexitdt vorgestellt und angewendet. Kern war jeweils der Vergleich zu einem fikti-
ven ,Alternativen Politikszenario“ mit identischer Emissionsminderung, aber ohne die Flexibilitit des
Handels mit Emissionsberechtigungen. Dafiir wurden Fallstudien durchgefiihrt unter Verwendung von
Grenzvermeidungskostenkurven (abgeleitet aus einem Energiesystemmodell) und je einem Bottom-
up-Modell des Energiesektors und der Industrie. Die Arbeiten wurden vom Oko-Institut e.V. und dem
Fraunhofer ISI ausgefiihrt. Im Folgenden werden die relevanten Hintergriinde sowie die Methoden
und Ergebnisse der Analysen, die im Rahmen des Projektes durchgefiihrt wurden, zusammengefasst.
Vollstiandige Versionen der einzelnen Analysen sind in den folgenden Anhédngen enthalten: Annex 1 -
Tier 2 Analyse, Annex 2 - Tier 3 Analyse Industrie, Annex 3 - Tier 3 Analyse Strom und Annex 4 - Ver-
gleichende Diskussion der Annahmen/Erfahrungen und Schlussfolgerungen.

Hintergrund

Der EU-Emissionshandel (EU-EHS) wurde im Jahr 2005 als weltweit grofdtes Emissionshandelssystem
eingefiihrt. Es deckt CO; und andere Treibhausgase von ungefdhr 11.000 Anlagen in 31 Liandern (EU
28 + Island, Liechtenstein und Norwegen) ab. Insgesamt werden etwa 45% der Treibhausgasemissio-
nen der EU durch dieses System reguliert (etwa 1.900 Mt CO,eq. verifizierte Emissionen im Jahr 2013,
hauptsachlich aus der Energie- und Warmeerzeugung und energieintensiven Industriezweigen wie
Eisen und Stahl, Nicht-Eisen-Metalle, Raffinerien, Zellstoff und Papier, mineralverarbeitende Industrie
und chemische Industrie).

Die erste Handelsperiode (2005-07) wurde als Lernphase verstanden. Daher standen nicht alle Flexi-
bilititsmechanismen in vollem Umfang zur Verfiigung. Zwar wurde eine volle Flexibilitit innerhalb der
Handelsperiode in Bezug auf die Verwendung von Zertifikaten garantiert, allerdings war ein Banking
der Emissionszertifikate fiir eine Verwendung in spateren Handelsperioden nicht erlaubt. Das fiihrte
zu einem Preisverfall im zweiten und dritten Jahr der ersten Handelsperiode, als sich herausstellte,
dass auf dem Markt mehr Zertifikate verfiigbar waren, als benoétigt wurden, um die Abgabeverpflich-
tung zu erfiillen. Seit der zweiten Periode (2008-12) ist Banking erlaubt und Anlagen kénnen Zertifika-
te fiir Abgabeverpflichtungen in spateren Phasen aufheben. Das Leihen von Zertifikaten ("Borro-
wing"), d.h. die Verwendung von Zertifikaten aus kommenden Jahren, um aktuelle Verpflichtungen
einzuhalten, ist dagegen nur in stark limitiertem Umfang und nur innerhalb einer Handelsperiode
moglich.

Nach dem Abschluss der zweiten Periode des EU-EHS Ende 2012 wurden erste ex-post Evaluierungen
des Instruments und einer seiner wichtigsten Eigenschaften, der Kosteneffizienz durch den Handel mit
Emissionsberechtigungen, moglich. In einem Vorlauferprojekt , Evaluierung und Weiterentwicklung des
EU-Emissionshandels (EU-ETS- 5)“wurden methodische Anséatze fiir die Bewertung der ex-post Kos-
teneffizienz-Analyse des EU-EHS anhand von Fallbeispielen untersucht. Das aktuelle Projekt entwi-
ckelt die dabei angewandten Methoden weiter, indem das Datengeriist angepasst wird, weitere Be-
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rechnungen erfolgen, erste ex-ante Vermeidungskostenschitzungen durchgefiihrt werden, sowie we-
sentliche Annahmen variiert werden. Im vorliegenden Bericht werden die Forschungsergebnisse aus
der Anwendung dieser Ansatze und die daraus gewonnenen Erkenntnisse vorgestellt, Vor- und Nach-
teile diskutiert und verschiedene Moglichkeiten aufgezeigt, die Methoden und/oder ihre Anwendung
weiterzuentwickeln. Im Wesentlichen stehen drei Fragen im Vordergrund:

» Was ldsst sich iiber die verschiedene Methoden lernen? Wofiir sind sie jeweils geeignet?

» Was lasst sich aus den Fallstudienanwendungen insbesondere in Bezug auf die Annahmen und
Daten lernen?

» Welche Empfehlungen ergeben sich daraus fiir kiinftige ex-post Bewertungen des Instruments
Emissionshandel?

Methodik

Fiir die Kosteneffizienzanalyse des EHS vergleichen wir die Kosten, die durch das EHS entstehen, mit
den Kosten, die durch eine hypothetische alternative Politik entstehen wiirden, die auf dieselbe Treib-
hausgasminderung abzielt, jedoch keine Mdglichkeit zum Handel bietet. Fiir die Umsetzung dieser Idee
ist eine eindeutige Definition der Dimensionen der Analyse wichtig. Implizit wird angenommen, dass
diejenigen Dimensionen, die nicht in die Analyse mit einbezogen werden, sowohl im EHS-Szenario als
auch im alternativen Politikszenario kosteneffizient sind, auch wenn in der Realitét Ineffizienzen exis-
tieren konnten.

Beispiel: Eine Analyse des Handels zwischen zwei Sektoren ermdoglicht uns, durch den Handel zwi-
schen Anlagen in Sektor A mit Anlagen in Sektor B entstehende Effizienzgewinne zu erkennen und
abzuschatzen. Effizienzgewinne, die durch den Handel zwischen Anlagen innerhalb eines Sektors ent-
stehen, bleiben in diesem Fall jedoch unberticksichtigt. Daher werden Effizienzgewinne bei einer Ana-
lyse auf der Sektoren-Ebene vermutlich kleiner eingeschitzt, als bei einer sehr detaillierten Analyse
auf Anlagen-Ebene. Bei einem Emissionshandelssystem, das tiber 11.000 Anlagen beinhaltet, wiirde
eine Analyse auf der Anlagen-Ebene jedoch enorme Informationsmengen und Ressourcen erfordern
und scheint daher nicht in angemessenem Umfang machbar. Die Abgrenzung der Analyse sollte also
eine angemessenes Balance zwischen dem Wunsch, so viele Effizienzdimensionen wie moglich zu be-
riicksichtigen und somit ein realistisches Bild widerzugeben auf der einen Seite und den Informations-
und Ressourcenanforderungen auf der anderen Seite bilden. Neben der sektoralen Dimension sind
regionale Abgrenzungen, die zeitliche Perspektive und die Definition des alternativen Politikszenarios
selbst weitere wichtige Analyse-Dimensionen.

Die Grundlage jeder ex-post Beurteilung des EU-EHS bilden Informationen iiber Vermeidungskosten
fiir die einzelnen Anlagen, Sektoren und Lander. Da die tatsdchlichen Kosten je Anlage nicht quantifi-
zierbar sind, basieren Kosteneffizienzanalysen auf Schatzungen der Vermeidungskosten. Im Folgenden
unterscheiden wir drei Moglichkeiten, die Vermeidungskosten zu schatzen (Tier 1-3).

Tier 1 - Kostenkurven-basierte Schiatzung: Tier 1 stellt eine Schatzung der Kosteneffizienz mit Hilfe
historischer Informationen tiber Mengen und Preise dar. Ansatzpunkt flir die Analyse ist die Annahme,
dass die Preise, die sich in einem funktionierenden Emissionshandelssystem einstellen, den (kostenef-
fizienten) Grenzvermeidungskosten aller Unternehmen bzw. Sektoren entsprechen.! Um mit den vor-
handenen Daten arbeiten zu konnen, wird ein linearer Verlauf der Grenzvermeidungskosten unter-
stellt. Der Tier 1-Ansatz stellt den am wenigsten informationsintensiven Ansatz dar und bietet daher
eine recht einfache, unverbindliche Schatzung. Die einzigen notwendigen Informationen sind der

1 Das entspricht der gingigen 6konomischen Theorie. In der Realitdt des EU-EHS in der 2. Handelsperiode traf diese An-
nahme infolge wachsender Uberschiisse jedoch nicht oder nicht immer zu.
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Marktpreis flir Emissionszertifikate (der theoretisch den Grenzvermeidungskosten in allen Anlagen
entspricht) und eine Abschatzung der realisierten Emissionsminderungen. Diese Kombination aus
Preis und Menge bildet einen Punkt auf der Grenzvermeidungskostenkurve. Unter der Annahme, dass
die Grenzvermeidungskostenkurve annaherungsweise linear verlauft und keine Vermeidungskosten
entstehen, wenn keine Emissionsminderung stattfindet, kann eine lineare Grenzvermeidungskosten-
kurve durch eine gerade Linie durch den Ursprung und den Punkt der bereits erwdhnten Kombination
von Preis und Menge dargestellt werden.

Tier 2 - (Technologie-basierte oder makro6konomische) Grenzvermeidungskostenkurven: Im Gegen-
satz zum Tier 1-Ansatz, der auf die Verwendung zusatzlicher Informationen iiber emissionsmindernde
Technologien und Optionen oder Charakteristika einzelner Sektoren verzichtet, basiert der Tier 2-
Ansatz auf Grenzvermeidungskostenkurven, die auf techno-6konomischen Informationen fuf3en. Es
existieren verschiedene Arten von Grenzvermeidungskostenkurven, die fiir diese Analyse verwendet
werden konnen. Bottom-up Grenzvermeidungskostenkurven werden aus Informationen iiber Kosten
verschiedener emissionsmindernder Technologien oder Optionen und deren geschatztem (Minde-
rungs-) Potential gebildet. Diese Art von Grenzvermeidungskostenkurven (, Kosten-Potenzial-
Kurven“) konnen bei Ecofys (2009), Ecofys & JRC-IPTS (2009), McKinsey&Company (2007, 2009), ifo
& FfE (2012) gefunden werden. Eine zweite Art von Grenzvermeidungskostenkurven wird mit Partial-
und mit Energiesystemmodellen erstellt. Zusatzlich zu den Bottom-up ermittelten techno-
6konomischen Informationen kénnen Energiesystemmodelle zumindest teilweise Interaktionen zwi-
schen Sektoren und zwischen Energieangebot (z.B. liber Preise) und --nachfrage, sowie weitere In-
formationen wie Reinvestitionszyklen von Anlagen, Lernkurven verschiedener Technologien und
Technologieverbreitung beriicksichtigen. Beispiele fiir Modelle, die diese Art von Grenzvermeidungs-
kostenkurven liefern, sind Markal/TIMES, PRIMES, POLES, aber auch Sektormodelle wie Forecast In-
dustry und PowerFlex, die den Industrie- bzw. den Stromsektor detailliert abbilden und dabei die
Nachfrage als gegeben nehmen. Die dritte Art von Grenzvermeidungskostenkurven sind top-down
Grenzvermeidungskostenkurven die auf makrodkonomischen Modellierungen wie Allgemeine-
Gleichgewichts-Modelle basieren (auch computable general equilibrium models oder CGE-Modellen
genannt). Sie beinhalten Interaktionen zwischen allen Wirtschaftssektoren, vernachlédssigen jedoch
haufig detaillierte technische Informationen (siehe z.B. GEM-E3, PACE, FARM-EU etc.).

Fiir eine Tier 2-Analyse werden Grenzvermeidungskostenkurven entweder basierend auf techno-
6konomischen Informationen oder mit Sektor- oder Energiesystemmodellen konstruiert. Top-down-
Grenzvermeidungskostenkurven wéren fiir eine Analyse makro6konomischer Effekte geeignet, sind
jedoch fiir Effizienzberechnungen auf Basis von Vermeidungskosten einzelner Sektoren und/oder An-
lagen aufgrund ihrer fehlenden Detailgenauigkeit zumeist weniger passend. Grenzvermeidungskos-
tenkurven kénnen entweder in ihrer Originalform verwendet werden (z.B. fiir die gesamte Okonomie
eines Landes oder nach einzelnen Sektoren aufgeschliisselt) oder weiter differenziert werden, indem
zusdtzliche Informationen hinzugefiigt werden. Beispiel: eine Grenzvermeidungskostenkurve kann in
mehrere verschiedene Grenzvermeidungskostenkurven fiir verschiedene Produkte oder Produktions-
technologien oder fiir Anlagen mit unterschiedlichen Wirkungsgraden differenziert werden.

Tier 3 - Modell-basierte Analyse: Anstelle von Grenzvermeidungskostenkurven, die mit Hilfe von
Energiesystemmodellen konstruiert wurden, kann die Analyse auch mit dem Modell selbst durchge-
fiihrt werden. Die Verwendung des Modells erlaubt eine detailliertere Beschreibung von Vermei-
dungskosten inklusive aller Interaktionen innerhalb und zwischen verschiedenen Sektoren. In vielen
Fallen konzentrieren sich diese Modelle jedoch auf einen oder wenige Sektoren und/oder Lander. Fiir
eine Analyse des gesamten EU-EHS ware ein Modell (oder mehrere verkniipfte Modelle), das sowohl
den Energiesektor, als auch sdmtliche abgedeckten Industriebranchen in méglichst allen Landern gut
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abbildet, notwendig. Die meisten Modelle weisen diese Detailgenauigkeit jedoch nicht auf. Grundsatz-
lich gestaltet sich die Verwendung von Modellen fiir die Analyse komplizierter und zeitaufwandiger als
die Analyse basierend auf Vermeidungskostenkurven (z.B. Tier 2). Im vorliegenden Projekt wird der
Tier 3-Ansatz zum einen fiir eine ex-post Analyse der Wirkungen des Emissionshandels im Stromsek-
tor und zum anderen fiir eine ex-ante Analyse des Emissionshandels im Industriesektor angewendet.

Die Weiterentwicklungen gegeniiber dem Projekt , Evaluierung und Weiterentwicklung des EU-
Emissionshandels (EU-ETS- 5)“ erfolgten im Bereich der Tier 2 und Tier 3-Analysen. Insbesondere sind
dies:

Tier 2:

» Abweichungen bei den Haupteinflussfaktoren fiir Emissionen, zwischen der Realitdt und den
verwendeten Vermeidungskostenkurven von POLES: Da die verwendeten Vermeidungskos-
tenkurven ex-ante entwickelt wurden, weichen die Annahmen hinsichtlich wichtiger Treiber
wie Bruttoinlandsprodukt (BIP), Energietragerpreise und Anteile der Erneuerbaren Energien
am Strommix von der Realitdt ab. Im Rahmen des Projektes wurden die verwendeten POLES-
Vermeidungskostenkurven fiir Abweichungen in den wichtigsten Treibergrofden korrigiert.

» Disaggregation: Um auch die Handelsgewinne auf Ebene der Sektoren abbilden zu kénnen,
wurden neben aggregierten Rechnungen mit Unterscheidung von 2 Sektoren (Feuerungsanla-
gen? und Industrieanlagen) auch disaggregierte Rechnungen mit Unterscheidung von 6 Sekto-
ren (Feuerungsanlagen und 5 einzelne Industriesektoren) durchgefiihrt.

Tier 3:

» Entwicklung von Industrie-Vermeidungskostenkurven: Das Modell FORECAST wurde einge-
setzt, um Vermeidungskostenkurven fiir die Industrie in Deutschland zu entwickeln. Dabei
wurde anders als in den librigen Analysen keine ex-post Betrachtung durchgefiihrt, sondern es
wurden ex-ante Kurven fiir die Jahre 2020 und 2030 entwickelt.

» Strommarkt: Flir den Strommarkt wurde die Definition des alternativen Politikszenarios wei-
terentwickelt und verfeinert.

Vergleichende Diskussion der Annahmen

Im Folgenden werden die wesentlichen Annahmen und Ergebnisse der verschiedenen Tier-Ansétze
diskutiert und verglichen. Der Aufbau richtet sich hierbei nach den in den Analysen betrachteten Di-
mensionen: i) das Counterfactual-Szenario, ii) das alternative Politikszenario, iii) die Detaillierung der
Sektoren, iv) Vermeidungskosten und CO;-Preise und v) die zeitliche Perspektive.

i) Das Counterfactual-Szenario

Um das Counterfactual-Szenario (Szenario ohne Emissionshandel) zu entwickeln, wurden verschiede-
ne Ansatze angewandt. Die kostenkurven-basierten Abschatzungen des Counterfactual-Szenarios ba-
sieren auf historischen Emissionsdaten der vorhergehenden Jahre (Tier 1) oder auf einer business-as-
usual-Projektion mit dem Basisjahr 2005 (Tier 2). Alle Anderungen, die zwischen dem/der fiir das
Counterfactual-Szenario verwendeten Jahr/Periode/Baseline und der tatsachlichen Emissionsent-

2 ,Combustion installations” laut Emissionshandelsrichtlinie (2003/87/EG). Dies umfasst vor allem Kraftwerke und Heizwer-
ke zur o6ffentlichen Versorgung, auflerdem Industrieanlagen mit mehr als 20 MW Feuerungswarmeleistung, die nicht zu
einer der besonders energieintensiven Industriebranchen gehdren, sondern z.B. zur Nahrungsmittelindustrie oder zum
Maschinenbau.
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wicklung auftreten - auch Emissionsriickgdnge infolge beispielsweise der Wirtschaftskrise oder des
technischen Fortschritts, werden der Wirkung des Emissionshandels zugeschrieben. Da die Emissi-
onsentwicklung im Counterfactual-Szenario sich in der Vorgangerstudie (Cludius et al. 2016) als eine
der mafdgeblichen Annahmen herausstellte, wurde diese Dimension weiter untersucht, um ein verbes-
sertes Counterfactual-Szenario zu erzielen, das aufgetretene Emissionsminderungen, die nicht auf den
EHS zuriickzufiihren waren, moglichst ausschlief3t.

Hierfiir wurden die POLES-Basisemissionen (und Vermeidungskostenkurven) in Bezug auf drei Gro-
3en, das Bruttoinlandsprodukt (BIP) sowie die erneuerbare und nukleare Energieproduktion, ange-
passt. So wurde ein Counterfactual-Szenario erstellt, das die realen Entwicklungen dieser drei Fakto-
ren besser abbildet. Der Einfluss der wirtschaftlichen Entwicklung wurde korrigiert, indem fir jedes
Land die tatsédchliche Entwicklung des BIP zwischen 2008 und 2012 mit der in POLES angenommenen
Entwicklung verglichen wurde. Die Entwicklung der erneuerbaren und nuklearen Energieenergieer-
zeugung in den Szenarien wurde ebenfalls auf Landerebene mit Eurostat-Zahlen verglichen. Lander-
spezifische Emissionswerte der fossilen Stromproduktion (EEA 2015) wurden angewandt, um die
Basisemissionen des Stromsektors entsprechend auf die tatsachliche Entwicklung anzupassen. Fiir
den Industriesektor wurden keine weiteren Anpassungen vorgenommen. Die resultierenden korri-
gierten Emissionsmengen und Vermeidungskostenkurven wurden dann als Counterfactual-Szenario
fiir die weiteren Analysen verwendet.

Fiir den Tier 3-Ansatz stellen Unsicherheiten und Annahmen verglichen mit den Tier 1- und Tier 2-
Ansitzen ein deutlich geringeres Problem dar. Da sowohl das Counterfactual-Szenario, als auch die
Vermeidungskostenkurven modellendogen bestimmt werden, kdnnen sie in der ex-post Analyse kon-
sistent abgeleitet und mit dem EHS-Szenario verglichen werden. Das Counterfactual-Szenario wird
dabei mit einem Emissionshandelspreis von Null simuliert. Damit lasst sich die auf die Implementie-
rung des EU-EHS zuriickzufiihrende Verdnderung der Emissionsmengen isoliert ermitteln. Die Aus-
wirkung der Anderung anderer Parameter (z.B. die wirtschaftliche Entwicklung oder politische Maf3-
nahmen), die nicht in Zusammenhang mit dem EU-EHS stehen, sind gleichermafien im Counterfactual-
Szenario wie auch im Alternativen Politikszenario beriicksichtigt.

Die Anwendung des Tier 3-Ansatzes fiir den Industriesektor hat jedoch gezeigt, dass die Definition des
Counterfactual-Szenarios selbst dann eine der zentralen Herausforderungen fiir die Analyse darstellen
kann, wenn ein Modell zur Verfiigung steht. In der Tier 3-Analyse des deutschen Industriesektors sind
2/3 der gesamten Emissionsminderung zwischen 2010 und 2030 bereits im Rahmen des Counterfac-
tual-Szenarios realisiert und werden damit nicht dem Emissionshandel zugerechnet. Die auf das EU-
EHS zuriickzufiihrenden Emissionsminderungen sind entsprechend begrenzt. Dies fiihrt einerseits
dazu, dass bei einer klassischen Vermeidungskostendarstellung diese knapp 2/3 Vermeidungspoten-
zial zunidchst nicht mehr in der Kurve ausgewiesen werden. Andererseits muss bei der Definition des
Counterfactual-Szenarios liberlegt werden, welche Entwicklungen und welche Minderungsmafinah-
men darin bereits auftauchen sollen, z.B. der - im Modell exogen hinterlegte - Wechsel von Oxygen- zu
Elektrostahl oder die Auswirkungen der Entwicklung der Energietragerpreise.

ii) Alternatives Politikszenario

Das Alternative Politikszenario, das in den Fallstudien zum Tier 1- und Tier 2-Ansatz verwendet wird,
basiert weitgehend auf der ex-ante Zuteilung der Emissionszertifikate an Unternehmen. Dabei werden
die auktionierten Mengen dem Energie-Sektor zugerechnet. Dahinter steht die Uberlegung, dass die in
der zweiten Handelsperiode auktionierten Mengen weitgehend von der kostenlosen Zuteilung des
Stromsektors abgezogen wurden, wahrend der Industriesektor aufgrund von internationalem Wett-
bewerb eher grofRziigige kostenfreie Zuteilungen erhalten hat. Inwieweit solche Uberlegungen eins zu
eins auf ein realistisches alternatives Ordnungsrecht zu iibertragen sind, ist unklar. Es ist allerdings
davon auszugehen, dass die Grenzwerte fiir den Energiesektor dort nicht so stark reduziert wiirden
wie real die kostenlosen Zuteilungen im EHS.
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Da die realen Zuteilungsmengen hoher waren als die in der Analyse erwarteten Emissionsmengen,
wurden die anteiligen Zuteilungen und nicht die absoluten Werte verwendet. Dies bedeutet jedoch,
dass die Unsicherheiten iiber die Definition des Counterfactual-Szenarios und der Zuteilungsmengen
die Ergebnisse beeinflussen.

Im Rahmen des Tier 3-Ansatzes kann ein Alternatives Politikszenario entwickelt werden, das die abge-
leiteten EHS Minderungen erreicht und dabei andere Politikannahmen zugrunde legt. Fiir die Analyse
des deutschen Stromsektors wurden zwei alternative Politikansatze verwendet: i) ein Emissionsstan-
dard (beispielsweise pro produzierter Energieeinheit) und ii) ein Emissionsbudget (beispielsweise pro
Jahr). In beiden Fallen entsprechen die Emissionsminderungen denen des EU-EHS-Szenarios.

Bei der Anwendung des Tier 3-Ansatzes auf den Industriesektor wurden drei alternative Politikszena-
rien definiert. Die Minderungsanforderungen wurden umgesetzt als: i) ein innerhalb der deutschen
Industrie zu erbringendes Emissionsminderungsziel, das sich gemafd Modellrechnung bei 50 Euro CO»-
Preis ergibt (dies sind rund 7 Mt COzeq), ii) gleiche prozentuale Minderung um 43% (entsprechend
des EU-EHS Minderungsziels von 43% im Jahr 2030 im Vergleich zu 2005) fiir alle Industriesektoren
ohne Handelsmdglichkeit zwischen ihnen und mit dem Energiesektor, und iii) Ermittlung der Summe
der kosteneffizienten Minderungsmenge fiir die deutsche Industrie insgesamt anhand des projizierten
EUA-Preises fiir 2030 und Vorgabe der entsprechenden prozentualen Minderung fiir jeden einzelnen
Industriesektor, ohne Handelsmdoglichkeiten zwischen den Industriezweigen. Jede dieser drei Spezifi-
kationen hat Vorziige und ermoglicht wertvolle Einblicke. Die Berechnung der Szenarien unterschei-
det sich jedoch erheblich in ihrer Komplexitét. Ein Nachteil der in den Industrieanalysen gewahlten
Vorgehensweise ist, dass sich die alternativen Politikszenarien hinsichtlich der erzielten Emissions-
minderungen unterscheiden. Dies verhindert einen direkten Vergleich der alternativen Politikszenari-
en miteinander. Die Szenarien sind dagegen derart konzipiert, dass sie unterschiedliche Flexibilitaten
des EU-EHS bei der Zielerfiillung abbilden.

iii) Disaggregation nach Sektoren

Die Tier 2-Analyse wurde mit verschiedenen sektoralen Auflésungen durchgefiihrt. In der starker ag-
gregierten Analyse wurden nur der Stromsektor und ein aggregierter Industriesektor unterschieden.
Fiir die disaggregierte Analyse wurde der Industriesektor jedes Landes weiter untergliedert in die
Branchen Stahl, nichtmetallische Mineralien, andere Umwandlung (insb. Raffinerien) und Sonstige.
Dadurch werden hohere Effizienzgewinne ausgewiesen, da die Annahme, dass die Minderungen effi-
zient iiber die Sektoren verteilt sind, im alternativen Politikszenario fallen gelassen wird.

Die Tier 3-Analyse des Industriesektors hatte nicht nur die Bewertung der Kosteneffizienz des EU-EHS
zum Ziel. Zusatzlich wurde untersucht, wie gut der Umfang und Detaillierungsgrad des verwendeten
Modells dem durch die EU-EHS-Regulierung definierten Rahmen entspricht. Die Tier 3-Analyse des
Industriesektors zeigt, dass Schwierigkeiten bei der Kalibrierung eines Bottom-up-Modells (wie hier
FORECAST Industrie) auf die Daten des European Transaction Logs (EUTL) auftreten kdnnen. Speziell
Hochofengase werden im Modell (als Teil des Stahlsektors) anders erfasst, als durch die EU-EHS-
Regulierung, in der die damit verbundenen Emissionen in der Regel im verbrennenden Energieerzeu-
gungssektor berichtet werden. Eine zweite Herausforderung stellt die Genehmigungspraxis fiir Indust-
riekraftwerke dar, die im EHS entweder als Teil der Industrieanlagen oder als separate Kraftwerke
(dann wiirden die Emissionen anstelle des Industriesektors dem Energiesektor zugerechnet) einge-
ordnet werden kénnen. Wahrend diese beiden Schwierigkeiten im Allgemeinen iiberwunden werden
koénnen, erfordert die uneinheitliche Genehmigungslage detaillierte Kontrollen der einzelnen Anlagen
im Register, um alle Unterschiede aufzudecken und eine bessere Ubereinstimmung zu liefern.

iv) Vermeidungskosten und CO»-Preise

Vermeidungskosten und -optionen hangen liberwiegend von den in der Vermeidungskostenkurve
beriicksichtigten Technologien ab. Um ex-post Analysen durchzufiihren ist es also nétig zu wissen,
welche Technologien tatsdchlich zum Einsatz kamen, um ggf. eine Anpassung vorzunehmen
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Bei ex-ante Analysen bestimmen das Wissen tiber zukiinftige Technologien, deren Verfligbarkeit und
Kostenentwicklung die Vermeidungskosten. Fiir die Interpretation der Ergebnisse einer Kostenanaly-
se ist also die transparente Darstellung der einbezogenen Technologien (z.B. CCS-Technologie ja/nein,
low carbon-Zement ja/nein) notwendig. Informationen dartiber, welche anderen Vermeidungsoptio-
nen, wie die Substitution von Produktionsprozessen (z.B. von primaren zu sekundaren Produktions-
wegen) oder von Produkten selbst, einbezogen wurden, sollten ebenfalls transparent bereitgestellt
werden. Nicht zuletzt kdnnen auch Annahmen {iber die Entscheidungshorizonte eines Unternehmens,
wie auch die tatsdchlich von den Betrieben genutzten Kriterien fiir ihre Investitionskalkiile, die Ergeb-
nisse signifikant beeinflussen.

Eine weitere wichtige Annahme besteht darin, dass der beobachtete Marktpreis fiir CO2-Zertifikate
eine tatsdchliche Knappheit an CO,-Zertifikaten widerspiegelt und die realen Grenzvermeidungskos-
ten der Anlagen darstellt und nicht priméar von anderen Aspekten wie Spekulation oder Marktmacht
bestimmt wird. Das war in der zweiten Handelsperiode angesichts des wachsenden Marktiiberschus-
ses nicht immer der Fall. Sollte sich in den kommenden Jahren wieder eine Knappheit an Zertifikaten
einstellen, kann sich diese Annahme dagegen als zutreffender erweisen.

v) Zeitliche Perspektive

Ein Defizit unserer Analysen besteht darin, dass sie intertemporalen Handel zwischen der zweiten und
spateren Handelsperioden nicht beriicksichtigen. In der Realitdt wurde jedoch eine grofde Menge an
Emissionszertifikaten fiir eine spatere Verwendung aus der zweiten in die dritte (und ggf. folgende)
Handelsperiode iibertragen. Die zusitzlichen Emissionsminderungen, die zu diesem Uberschuss fiihr-
ten, beeinflussen entsprechend die Kosten. Die Analysen vernachlidssigen jedoch die mit dem Ubertrag
verbundenen Aspekte der Kosteneffizienz. Zukiinftige Arbeiten sollten daher versuchen, durch inter-
temporalen Handel erzielte Effizienzgewinne mit einzubeziehen.

Als Sensitivititsanalyse zu Tier 2 wurden die Kosteneffizienzberechnungen fiir ein durchschnittliches
Jahr der zweiten Handelsperiode und fiir das Jahr 2008 durchgefiihrt. Wir nehmen an, dass die Ergeb-
nisse flir das Einzeljahr 2008 starker durch singulare Effekte des Datensatzes beeinflusst werden, die
sich liber eine langere Periode hinweg liblicherweise ausgleichen.

Zusammenfassung der Ergebnisse

Angesichts der Unsicherheiten in den getroffenen Annahmen und der Berticksichtigung unterschiedli-
cher Zeitraume in den Tier 1- und Tier 2-Analysen (Durchschnitt von 2008-2012 oder einzelne Zeit-
punkte, aggregierte oder disaggregierte Analyse) reichen die berechneten Emissionsminderungen
durch das EU-EHS im Vergleich zum Counterfactual-Szenario in Tier 1 und Tier 2 von 133 bis 211 Mt
CO; fiir die EU im Zeitraum 2008-2012. Die damit verbundenen Kosteneinsparungen liegen bei diesen
beiden Tier-Ansatzen zwischen 12% bis 50% verglichen mit einem alternativen Politikszenario, das zu
identischen Emissionsminderungen fiihrt. Detaillierte Beschreibungen der Ansitze, Annahmen und
Ergebnisse finden sich in der Dokumentation der Tier-2-Analyse im Annex 1.

Die Ergebnisse der Tier 3-Analyse kdnnen wie folgt zusammengefasst werden: In der Fallstudie zum
deutschen Stromsektor wurden im Jahr 2010 geschatzte 2,29 Mio. t CO; (verglichen mit dem Counter-
factual-Szenario) durch das EHS reduziert. Der CO;-Preis lag 2010 durchschnittlich bei 14,80 Euro/t
CO:. Das erste Alternative Politikszenario, das auf einem Emissionsstandard pro erzeugter MWh Strom
basiert, impliziert die Schliefiung dreier Braunkohlekraftwerke, um dieselbe Emissionsminderung zu
erreichen. Das zweite Alternative Politikszenario, ausgestaltet als ein Emissionsbudget, impliziert die
Reduzierung von Betriebsstunden von Kohlekraftwerken, wobei die exakten Betriebsstunden vom
jeweiligen Wirkungsgrad der Anlagen abhangen und von 7800 bis 8600 Stunden pro Jahr bei Braun-
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kohlekraftwerken und 1300 bis 5800 Stunden pro Jahr bei Steinkohlekraftwerken reichen. Die Ver-
meidungskosten im EHS-Szenario lagen ungefahr 90% unter den Kosten im alternativen Politikszena-
rio (konkret 137 Mio. € unter den Kosten im Emissionsstandard-Szenario und 122 Mio. € unter jenen
im Emissionsbudget-Szenario).

Bei der Tier 3-Industrie-Fallstudie wurden wie erwéhnt drei Politikszenarien analysiert. Aufgrund des
Charakters der Studie als exemplarische Modellrechnung mit dem Ziel, methodische Erkenntnisse zu
gewinnen, konnen die Ergebnisse nur illustrativ und nicht detailliert dargestellt werden. Die Vermei-
dungskosten waren fiir jede Ausgestaltung der alternativen Politik wesentlich hoher als im EHS-
Szenario. In den Fallen, in denen prozentuale Minderungen fiir jede Industriebranche festgelegt wur-
den, unterschieden sich Vermeidungskosten je nach Industriesektor stark. Fiir Chemie- und Papierin-
dustrie war die Belastung hoher als bei NE-Metallen und Eisen und Stahl.

Erfahrungen und Schlussfolgerungen

» Die Analysen haben gezeigt, dass die folgenden Annahmen die Ergebnisse einer ex-post Analy-
se des EU ETS in besonderem Maf3e beeinflussen:

» die Auswahl der Methodik und die damit verbundene Abwagung zwischen Datenverfligbarkeit
und Realitdtsndhe der Analyse (vgl. Tier-Ansatze)

» die Verfiigbarkeit und Qualitit von geeigneten Vermeidungskostenkurven

» die Bestimmung der Emissionsminderungen unter dem EU-EHS verglichen mit einem Szenario
ohne Emissionshandel (Counterfactual-Szenario)

» die Ausgestaltung des Alternative-Politik-Szenarios.

Grundsatzlich besteht bei ex-post Analysen des EU-EHS ein Abwagungsbedarf zwischen Breite (Einbe-
ziehung aller Sektoren und Lander) und Tiefe (Abbildung eines gewissen Detailgrads in einzelnen Sek-
toren) der Analyse. Die Wahl der Methodik wird weiterhin durch die Datenverfiigbarkeit und die fi-
nanziellen und zeitlichen Ressourcen beeinflusst.

Der vorgestellte Tier 1-Ansatz ist relativ einfach und intuitiv, die Ergebnisse der Analyse stellen jedoch
nur eine relativ grobe Abschatzung der Kosteneffizienzgewinne dar. Der Ansatz stellt einen guten
Startpunkt fiir Analysen dar und erlaubt mit wenig Aufwand, alle Sektoren und Lander in die Analyse
einzubeziehen. Die grobe Abschatzung der Vermeidungskosten unter Verzicht auf technologische In-
formationen bewirkt, dass dieser Ansatz eher fiir ein aggregierteres Analyselevel empfehlenswert ist.
Dies schliefdt eine Differenzierung von Landern und Sektoren jedoch nicht aus. Zukiinftige Forschung
zum Tier 1-Ansatz sollte darauf abzielen den Detaillierungsgrad der Analyse zu steigern, um daraus
weitere Erkenntnisse zu gewinnen, ohne dass dabei jedoch der Aufwand der Analyse deutlich zu-
nimmt.

Fiir Tier 2-Analysen werden dariiber hinaus Informationen zum Verlauf der Vermeidungskostenkur-
ven bendtigt. Wo diese Informationen verfiigbar sind, erlaubt der Tier 2-Ansatz eine detailliertere
Analyse mit realitdtsndheren Ergebnissen. Besonders geeignet scheint der Ansatz bei der Verwendung
von realen techno-6konomischen Informationen, die den direkten Vergleich verschiedener techni-
scher Losungen erlauben. Die Verfligbarkeit geeigneter Vermeidungskostenkurven stellt jedoch auch
eine Grundvoraussetzung dieses Ansatzes dar und sollte kritisch betrachtet werden. Optimal ware der
Einsatz von ex-post Vermeidungskostenkurven, die in dem benétigten regionalen und sektoralen De-
tailgrad vorliegen. Wie in dieser Studie gezeigt, konnen bei der Verwendung von ex-ante geschatzten
Vermeidungskostenkurven Anpassungen an den Kurven vorgenommen werden (vgl. Abschnitt 1.3 im
Annex), um ihre Passfahigkeit zu den tatsdchlich in der Realitat beobachteten Entwicklungen zu erho-
hen. Die Nutzung von ex-post ermittelten Kurven ist jedoch in jedem Falle diesem Vorgehen vorzuzie-
hen. Eine weitere Herausforderung und zentraler Punkt fiir die Ergebnisse der Analyse ist die Ausge-
staltung des alternativen Politikszenarios. In der vorliegenden Analyse wurden die Minderungsvorga-
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ben fiir das alternative Politikszenario basierend auf den kostenfreien Zuteilungen und den Auktionie-
rungsmengen (beim Stromsektor beriicksichtigt) festgelegt. Es wire wiinschenswert weitere Spezifi-
kationen fiir alternative Politikszenarien und ihre Auswirkungen auf die Ergebnisse der Analyse zu
untersuchen, z.B. spezifische Emissionsgrenzwerte fiir einzelne Produkte.

Im Gegensatz zu den anderen beiden Ansatzen erlaubt der Tier 3-Ansatz eine endogene Analyse der
Emissionsminderungen und der damit verbundenen Kosten. Er erfordert jedoch die Verfiligbarkeit und
den Einsatz eines geeigneten Modells. Modelle in dem entsprechenden Detaillierungsgrad auf Sekto-
rebene liegen jedoch haufig nur fiir einzelne Sektoren vor und nicht fiir alle dem EU-EHS unterliegen-
den Sektoren oder sind nicht frei zuganglich. Die Analyse selbst ist fiir den Stromsektor einfacher
durchzufiihren als fiir den Industriesektor, der deutlich heterogener ist. Dariiber hinaus miissen die
Modelle in der Lage sein, sowohl lang- als auch kurzfristige Effizienz- und Vermeidungsoptionen (z.B.
Brennstoffwechsel in der Industrie) abbilden, um die Effekte des Emissionshandels realistisch abbil-
den zu kdnnen. Analysen von inter-sektoralem Handel sind nur méglich, wenn verschiedene Modelle
zu einem Modellsystem zusammengeschlossen werden kdnnen, oder wenn, wie oben beschrieben, ein
Energiesystemmodell vorliegt. Dabei muss berticksichtigt werden, ob das Modellsystem auch in der
Lage ist, Wechselwirkungen zwischen Sektoren, insbesondere Energieangebot und -nachfrage abzu-
bilden. Eine einfache Addition von Modellergebnissen verschiedener sektoraler Modelle ist nicht mog-
lich.

Fiir zukiinftige Analysen sollten die Modelle weiterentwickelt und verfeinert werden (z.B. in Hinblick
auf den Detailgrad und die Datenbasis). Gleichzeitig sollte die Datenqualitit in Bezug auf Vermei-
dungsoptionen und die Abbildung von Investitions- und Produktionsentscheidungen in Unternehmen
in den Modellen verbessert werden. Unternehmensinterviews und schriftliche Unternehmensbefra-
gungen konnen dazu eingesetzt werden, den Kenntnisstand diesbeziiglich zu verbessern. Grundsatz-
lich gilt, dass Modelle fiir Tier 3-Analysen einen hohen Detailgrad aufweisen miissen, einer Vielzahl
von Annahmen in Bezug auf die Analyse unterliegen und Modellierer entsprechend viele Freiheitsgra-
de bei der Analyse haben. Die Qualitit der Analysen ist in grofem Mafe davon abhéngig, wie die Ana-
lyse ausgestaltet wird. Dariiber hinaus sei darauf hingewiesen, dass Modelle ein vereinfachtes Abbild
komplexer Sachverhalte darstellen; Ziel von Modellen ist nicht, die Realitat in ihrem vollen Umfang
abzubilden. Daher werden immer Unsicherheiten bestehen bleiben.

Zusammengefasst haben die Analysen in diesem Projekt gezeigt, dass unter Berticksichtigung von Da-
tenverfiigbarkeiten und Ressourcen keiner der Tier-Ansétze grundsatzlich als der Beste hervorzuhe-
ben ware. Im Gegenteil, die Ansatze verfolgen verschiedene Ziele und kénnen einander erginzen. Bei
der Auswahl der Methodik wird es immer ein Abwagen zwischen Breite und Tiefe der Analyse geben
miissen; Datenverfiigbarkeit und Ressourcen sind weitere wichtige Faktoren bei der Wahl der Analy-
semethodik. Dariiber hinaus sind die getroffenen Annahmen in hohem Maf3e relevant fiir die Ergebnis-
se der Analyse. Daher ist es wichtig im Vorfeld der Analyse klar abzustecken, welches Ziel mit der Ana-
lyse verfolgt wird (z.B. Evaluation der EU-weiten Effizienz, Einschrankung auf einzelne Regionen oder
Sektoren, erste Abschatzungen oder Detailanalysen, Einbeziehen von intra-sektoralem Handel usw.)
und darauf basierend den Detailgrad an benétigten Daten und Informationen festzulegen.
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Overview and summary of the project

This document presents the final report of the project “Efficiency and effectiveness of the EU ETS -
extended analyses (EU-ETS 6)”. The project aims to deliver further contributions for the evaluation of
the efficiency and effectiveness of the European Emission Trading System (ETS). In doing so, the pro-
ject provides advice to the Federal Environmental Agency (UBA), as implementing authority, and the
Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety (BMUB) as
the competent ministry, on methodological aspects of ex-post assessments and lessons learned for ex-
ante analyses. The project builds on a previous study, titled , Evaluierung und Weiterentwicklung des
EU-Emissionshandels (EU-ETS- 5)". The current project focusses on methodological approaches for an
ex-post assessment of the effects of the EU ETS and introduces different “Tier” levels which reflect the
scope of the analyses in terms of breadth and depth. The core of each Tier level analysis is to compare
estimated abatement costs under the EU-ETS with cost estimates for a fictitious “alternative policy
scenario” that aims to achieve the same total abatement but does not provide the flexibility of trading
allowances. Case studies are conducted based on marginal abatement cost curves derived from a par-
tial equilibrium model and from bottom-up models for the industry and the electricity sector respec-
tively. The work was carried out by Oko-Institut e. V. and Fraunhofer ISI. This overview summarises
the relevant background, methods and results of the analyses conducted within the project. Complete
versions of each analysis are included in Annexes, named Annex 1 - Tier 2 Analysis, Annex 2 - Tier 3
Analysis Industry and Annex 3 - Tier 3 Analyses Power Sector and Annex 4 - Comparative Analy-
sis/Lessons learnt.

Background

In 2005, the EU Emissions Trading System (EU ETS) as the world’s largest emissions trading system
was launched. It covers CO; and other greenhouse gases from around 11,000 installations in 31 states
(EU 28 + Iceland, Liechtenstein and Norway). In total, about 45% of the EU’s greenhouse gas emissions
are regulated under the system (about 1900 Mt COzeq verified emissions in 2013, mainly from power
and heat generation as well as energy-intensive industries such as iron and steel, refineries, non-
ferrous metals, cement, pulp and paper, glass and ceramics and the production of chemicals).

The first trading period (2005-07) was used as a learning phase. Hence, not all flexibility mechanisms
were available. Namely, while full flexibility with regards to usage of certificates was granted during
the first three years, it was not allowed to bank emission certificates for compliance in later periods.
This resulted in a price collapse in the second and third year of the first period when it became obvi-
ous that more certificates were available on the market than needed for compliance. Starting from the
second period (2008-12), installations are allowed to bank their certificates and use them for compli-
ance purposes in later years. Borrowing of certificates, i.e. using certificates from later years for com-
pliance today is only possible to a very limited extent and within a trading period, but not between
periods.

With the end of the second period of the EU Emissions Trading Scheme (EU ETS) at the end of 2012,
first ex-post evaluations of the instrument and one of its major characteristic, the flexibility through
trading, have become possible. In a preceding project “Evaluation and development of the EU Emis-
sions Trading Scheme (EU ETS 5)”, methodological approaches to assess the ex-post cost efficiency of
the EU ETS were analysed by means of case studies. These methods are further developed in this re-
port, in terms of data improvement, additional assessments and scenarios, and first ex-ante abatement
cost analyses. The current project focuses on insights gained by applying the different methodological
approaches and to discuss the pros and cons of each. It then concludes with possible ways forward to
further refine the methods and/or applications. We specifically ask three questions:

a) What did we learn about the methods? What are they suitable for?
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b) What did we learn about assumptions and data employed in the case studies?
¢) What do we recommend for future ex-post evaluations of the EU ETS?

Methodology

For a cost-efficiency analysis of an ETS, we compare the costs resulting from the ETS to the costs that
would have resulted from a hypothetical alternative policy aiming at the same level of GHG emissions
mitigation, but without the possibility to trade. To follow this idea, an unambiguous definition of the
boundaries of the analysis is important. The implicit assumption is that those dimensions not included
in the analysis are cost-efficient in the ETS scenario as well as in the alternative policy scenario while
in reality inefficiencies might exist. For example: analysing trade between two sectors allows us to see
efficiency gains from trade between installations in one sector with installations in the other sector. It
excludes, however, efficiency gains that might emerge from trade of installations within one sector.
Hence, the estimation of efficiency gains is expected to be smaller for an analysis on the sector level
than for a very detailed analysis on the installation level. Yet, with an emission trading system that
includes more than 11,000 installations it can easily be seen that an analysis on the installation level
requires a tremendous amount of information and resources and does not appear feasible, unless a
modified method can be developed that takes into account these issues. Therefore, the definition of the
analysis’ boundaries should provide an adequate balance between the desire to include as many effi-
ciency dimensions as possible and hence to present a realistic picture on the one hand and to limit the
data, information and resource requirements on the other hand. Besides the sectoral dimensions, oth-
er important dimensions include the regional boundaries, the temporal perspective and the definition
of the alternative policy scenario itself.

At the heart of any ex-post assessment of the EU ETS lies information on abatement costs for the dif-
ferent installations, sectors and countries. As the actual costs per installation are impossible to quanti-
fy, cost-efficiency analyses are based on abatement cost estimates. In the following, we differentiate
three options to estimate the abatement costs (Tier 1-3).

Tier 1 - Cost curve based estimation: Estimated linear abatement cost curves based on historic prices
and estimated abatement: The Tier 1 approach presents the least information intensive approach and
therefore provides a fairly easy, indicative estimate. The only information needed is the price for emis-
sion certificates on the market (which in theory equals all installations’ marginal abatement costs) and
an estimation of the amount of realized emission reductions. This price-quantity combination presents
one point on the marginal abatement cost curve. Assuming that the marginal abatement cost curve is
approximately linear and no abatement costs occur in case no emissions are reduced, a linear marginal
abatement cost curve can be constructed by a straight line through the origin (i.e. without intercept)
and the price-quantity combination described above.

Tier 2 - (Technology-based or macro-economic) marginal abatement cost curves: In contrast to the Tier
1 approach which neglects the use of any additional information on abatement technologies and op-
tions or sector characteristics, the Tier 2 approach is based on marginal abatement cost curves con-
structed based on techno-economic information. Different types of marginal abatement cost curves
exist that can be used for the analysis. Bottom-up marginal abatement cost curves can be constructed
from information on costs and abatement potentials of certain abatement technologies. This type of
marginal abatement cost curve (“cost potential curve”) can be found in Ecofys (2009), Ecofys & JRC-
IPTS (2009), McKinsey&Company (2007 and 2009), ifo & FfE (2012). A second, different type of mar-
ginal abatement cost curves are constructed with partial equilibrium or energy-system models. In ad-
dition to the techno-economic information that bottom-up analyses account for, these models are able
to include interactions between sectors and energy demand and supply, as well as information such as
reinvestment cycles of installations, learning curves of technologies and technology diffusion. Exam-
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ples of models which supply this kind of marginal abatement cost curves are Markal/TIMES, PRIMES,
POLES, and also sectoral-models such as Forecast Industry and PowerFlex which model the industry
and power sector respectively with demand for products/outputs given exogenously. The third type of
marginal abatement cost curves are top-down marginal abatement cost curves based on macro-
economic modeling such as CGE models. They contain interaction across all sectors of the economy but
most often neglect a great detail of technological information (see e.g. GEM-E3, PACE, FARM-EU etc.).
For a Tier 2 analysis, marginal abatement cost curves constructed either based on techno-economic
information, or with sector level or energy-system models, are used. In contrast top-down marginal
abatement cost curves would be suitable for an analysis of the macro-economic effects but are less
suitable for efficiency calculations based on the abatement costs of single sectors and/or installations
because they are not sufficiently detailed.

Marginal abatement cost curves can either be used in their original form (e.g. for the total economy of
a country or by sector) or the effort can be taken to further differentiate the curves by adding addi-
tional information. For example: a sector marginal abatement cost curve can be differentiated into a
number of different marginal abatement cost curves for different products or production technologies
or for installations with different efficiency levels.

Tier 3 - Model-based analysis: Instead of using marginal abatement cost curves constructed with ener-
gy-system models, the analysis can also be based on the model itself. The use of the model itself allows
a more detailed description of abatement costs including all interactions within and between all sec-
tors. In many cases, however, such models focus on one or a few individual sectors and/or countries.
For the analysis of the whole EU ETS, however, one would need a model or linked models that contain
a good representation of the power sector as well as all covered industry sectors in - preferably - all
countries. Most models lack this level of detail. The use of models is thus more complicated and time
intensive than applying calculated curves directly to the analysis (i.e. Tier 2). Within the current pro-
ject, we apply the Tier 3 approach twofold. First, we conduct an ex-post assessment of the effects of the
EU ETS in the German power sector. Second, we provide an ex-ante analysis of the EU ETS in the in-
dustry sector.

The advancements to the project , Evaluation and development of the EU Emissions Trading Scheme
(EU ETS 5)” lay in the Tier 2 and Tier 3 analyses. In particular:

Tier 2:

» Differences in main drivers for emissions in POLES marginal abatement cost curves and in re-
ality: As the POLES MACCs are ex-ante curves, assumptions on key drivers, such as gross do-
mestic product (GDP), energy prices and share of renewables in electricity mix, differ from his-
toric values. In this project, the MACCs were therefore corrected for differences in main driv-
ers.

» Disaggregation: To take into account efficiency gains also from trade between industry sectors,
aggregated (two sectors, combustion installations and industry as a whole) as well as dis-
aggregated (six sectors, combustion installations and five different industry sectors) analyses
were conducted.

Tier 3:

» Development of industry marginal abatement cost curves: Based on the model FORECAST
marginal abatement cost curves were developed for the German industry sector. In contrast to
other analyses within this project, this exercise was an ex-ante analysis for the years 2020 and
2030.

» Electricity: We analyse different specifications of the alternative policy scenario.
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Comparative discussion of assumptions

For the purpose of this summary, the main assumptions and results are discussed and compared for
each of the Tier level approaches. The discussion is structured along the different dimensions we con-
sider in the analyses: i) the counterfactual scenario, ii) the alternative policy scenario, iii) the sectoral
disaggregation, iv) the abatement costs and CO»-prices and v) the temporal perspective.

i) Counterfactual scenario

Different approaches were applied to develop the counterfactual scenario. In the cost curve based es-
timates, the counterfactual scenario was based on historical emissions data of the previous
year/previous trading period (Tier 1) or on a business-as-usual projection with base 2005 (Tier 2).
Any changes that occurred between the year/period/baseline used for the counterfactual and the real
development, e.g. the economic crisis or technological development and other policies and measures,
would thus be completely assigned to be effects caused by the emissions trading scheme. Since the
counterfactual emissions development was identified as one of the main caveats for the application of
the Tier 2 method in an earlier study (Cludius et al. 2016), it was decided to further analyse this as-
sumption to as best as possible derive a counterfactual scenario that excludes effects that are not due
the EU ETS.

Therefore, while using the same model-based abatement cost curves from the POLES model as in UBA
2016, we adjusted the model’s baseline emissions (and abatement cost curves) based on an investiga-
tion of the assumptions underlying the POLES curves in terms of GDP development, renewable energy
and nuclear energy production and established a counterfactual that better reflects actually observed
developments. We corrected for the impact of economic development by comparing actual GDP devel-
opmentin 2008-2012 to the development assumed in the POLES scenarios for each country. Emission
levels for both industry and electricity sector were rescaled using an elasticity of emissions to changes
in GDP of 1 following Trotignon (2012). Additionally, we compared the development of renewable
energy sources and nuclear based on Eurostat to the one assumed in POLES and applied emissions
factors of fossil electricity generation from EEA (2015), differentiated by country (aggregate) to re-
scale emissions for the electricity sector at country level. For industry, no further adjustments were
made. The resulting corrected counterfactual emissions levels were then applied in the cost efficiency
analysis.

Compared to the Tier 1 and Tier 2 approaches, uncertainties and assumptions are much less of a con-
cern for the Tier 3 approach. As the counterfactual scenario as well as the abatement cost curves are
determined endogenously by the model, they can be consistently derived ex-post and compared to the
ETS. The counterfactual scenario is derived by running the model with a zero carbon price. In this case,
the counterfactual only accounts for the difference in emissions that are associated with the imple-
mentation of the EU ETS. Any other change in parameters (e.g. economic development or other policy
measures) would not be associated with the ETS but also be applied in the counterfactual scenario.

However, the application for the industry sector (see Annex 2) has also shown that even though the
model was available, the definition of the counterfactual scenario presents one of the key challenges
for the further analysis. Namely, in the Tier 3 industry analysis, 2/3 of total emission reductions in
2030 compared to 2010 are already realised under the counterfactual scenario. As a result, calculated
emission reductions due to the EU ETS are limited. On the one hand, in a classical marginal abatement
cost curve representation, these reductions are not included in the curve. On the other hand, the defi-
nition of the counterfactual scenario requires an intensive discussion on which effects should already
be included in the counterfactual scenario, e.g. switch from BOF steel to EAF steel or the effects from
the development of energy prices.

ii) Alternative policy scenario
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The alternative policy scenario in the case studies applying the Tier 1 and Tier 2 approach was de-
signed based on allocation of emissions allowances, e.g. grandfathering for the second trading period,
without allowing for trade. Auctioned amounts were attributed to the combustion sector. The ra-
tionale behind the decision is that the amounts auctioned in the second trading period primarily came
from the combustion installations while industry installations for competitiveness reasons still re-
ceived generous free allocation. It is unclear to what extent such considerations would also hold in
case of regulations and standards in reality. It is also conceivable that, in case of a regulations and
standards policy approach, emission limits for the electricity would be somewhat higher compared to
their free allocation under the EU ETS.

Allocation needed to be corrected for overallocation as emissions reductions need to be in line with
the ETS emission reduction. For this reason, allocation was derived as a relative measure rather than
absolute values. This implies, however, that uncertainties remain with regards to the counterfactual
scenario and alternative policies scenario which might affect the results.

For Tier 3, an alternative policy scenario can be designed in a way to reflect the derived emissions re-
ductions, leaving all other assumptions constant. Two alternative policy approaches were applied for
the analysis of the German power sector, i) an emission standard (for example, per unit of electricity
produced) and ii) an emission budget (for example, per year). Both were set up in a way to achieve the
same amount of emissions reductions as in the EU ETS scenario. Other implementations of an alterna-
tive policy scenario could relate to fuel type specific emissions limits, a coal ban, CO-price floors etc.

For a first application of the Tier 3 industry model, three alternative policy scenarios were defined.
Reduction requirements were implemented as i) a fixed emission reduction level derived from model-
ling at 50 Euros per ton of CO;-eq to be achieved by German industry without trading (i.e. reduction of
about 7 Mt COz-eq), ii) equal percentage reduction according to the EU ETS cap of 43% in 2030 com-
pared to 2005 for each industrial sector without the possibility of trading in industry or with the elec-
tricity sector, iii) equal percentage reduction for each industrial sector in Germany based on the
amount that German industry in total would reduce in response to the projected EU ETS price in 2030,
without the possibility of trading among the industry sectors. Each of these three specifications has its
merits and allows drawing valuable insights. The complexity of the scenarios differs substantially. A
drawback here is that the alternative policy scenarios do not result in equal emissions reduction but
rather present different interpretations of EU ETS features as alternative policies, applying the cap and
its resulting EUA price with and without sectoral and EU-wide trading to the German industry sector.

iii) Sectoral detail

The Tier 2 analysis was carried out at different levels of sectoral detail. In the aggregated analysis only
the electricity sector and an aggregated industry sector were differentiated. In the disggregated analy-
sis we further differentiated the industry sector in each country distinguishing steel, non-metallic
minerals, other transformation (including the refineries) and other industry. This allows discovering
more efficiency gains since the assumption of efficient abatement allocation between these industry
sectors in the alternative policy scenario is dropped.

The Tier 3 analysis for the industry sector aimed not only at estimating cost efficiency of ETS, but also
at investigating how close the model scope of the model used matches the scope defined by the EU ETS
regulation. Our analysis showed that challenges can arise from matching a bottom-up model such as
FORECAST industry with the data contained in the EU ETS transaction log (EUTL). In particular, blast
furnace gases are accounted for differently in the model (as part of the steel sector) compared to the
EU ETS regulation, where they are usually covered as part of the energy sector. A second challenge is
the permitting practice for industrial power plants, which can be either covered in the ETS as part of
the industry installation or as a separate power installation (in which case emissions are attributed to
the power sector rather than the industry sector). While in general, these challenges could be over-
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come, the heterogeneous permitting situation requires detailed, installation-by-installation checks to
identify all differences and provide for a better match.

iv) Abatement costs and CO; price

Abatement costs and abatement options depend to a large extent on the technologies included in the
abatement cost curve. For ex-post analyses, knowledge on the technologies that were being applied is
needed to adapt the curves in accordance with actual circumstances.

For ex-ante analyses, knowledge on future technologies, their availability and cost development is de-
termining the abatement costs. Transparency on which technologies are being included (e.g. CCS tech-
nology yes/no, new low-carbon cement yes/no) is a necessity to interpret the results of a cost analysis.
Also, information on which other abatement options such as substitution of production processes (e.g.,
from primary to secondary production routes) or product substitution are being included, should be
provided in a transparent manner. Not least, assumptions on the firms’ degree of foresight, as well as
the precise investment appraisal criteria used by the firms can significantly affect the results.

Another major assumption is that the observed market price for CO; certificates reflects a real short-
age of CO; certificates and indicates the real marginal abatement costs of installations rather than be-
ing primarily affected by other aspects such as market power or speculation. This assumption may
prove to be less of a caveat as the situation may change in future years leading to a shortage in certifi-
cates at some point.

v) Temporal dimension

A caveat of our analyses is that they do not account for inter-temporal trade between the second trad-
ing period and later trading periods. In reality, however, a large surplus of emission certificates was
banked from the second trading period into the third one for use in later periods. The additional emis-
sion reductions leading to this surplus affect costs, but the present analysis neglects efficiency gains
from trade with, and in, later periods. Hence, future work should try to include efficiency gains from
inter-temporal trade.

As a sensitivity analysis to Tier 2, we carried out the cost efficiency calculations for both an average
year of the 2nd trading period and the single year 2008. We suppose that the results for the single year
are more influenced by singular effects of that year’s dataset, which might normally level out over a
longer period in time.

Summary of results

Given the uncertainties about our assumptions, and given the different time periods considered in the
Tier 1 and Tier 2 applications (average of 2008-2012 or single year, disaggregated and aggregated
analysis) the resulting emissions reductions due to the ETS compared to the counterfactual scenario in
Tier 1 and Tier 2 range from 133 to 211 Mt CO; for the EU. At the same time, the associated cost sav-
ings compared to an alternative policy scenario leading to identical emission reductions cover a span
from 12% to 50% in these two Tier approaches. Detailed descriptions of the approaches, assumptions
and results are provided in this report.

The results for the Tier 3 analyses can be summarized as follows: In the power sector case study for
Germany, 2.29 Mt CO; (compared to the counterfactual) were reduced in the Germany power sector in
the year 2010 through the emissions trading scheme, the carbon price was at an average of 14.80 Eu-
ro/t CO2 in 2010. The alternative policy approach based on an emission standard (t CO; per MWh)
implied the closure of three lignite power plants to reach the same level of emission reduction. The
alternative policy scenario based on an emissions budget implied the reduction of operating hours for
coal plants, with the exact operating hours depending on each plant’s conversion efficiencies, ranging
from 7,800 to 8,600 hours per year for lignite powered plants and from 1300 to 5800 hours per year
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for hard coal power plants. Abatement costs were about 90% lower in the ETS scenario than in the
alternative policy scenario, i.e. 137m € lower in the ETS scenario compared to the emission standard
scenario and about 122m € lower compared to the emission budget scenario.

For the Tier 3 industry case study, the above-mentioned three alternative policy scenarios were ana-
lysed. Due to the methodological character of the study that aims to provide lessons learned through
exemplified model runs, the results are only of illustrative nature and cannot be presented in detail.
For each alternative policy definition, however, abatement costs were substantially higher than in the
emissions trading scenario. In those cases where percentage mitigation reductions were set for each
industry, abatement costs differed substantially by industrial sector, with a higher burden for the
chemicals and paper industry than for non-ferrous metals and iron and steel.

Lessons learnt and conclusions

The analysis revealed that the most important aspects driving the results of an ex-post assessment

of the EU ETS include

» the choice of the assessment perspective with its trade-off between data requirements and ac-
curacy (cf. the 3 tiers)

» the availability and quality of suitable abatement cost curves

» determining the avoided emissions due to the ETS compared to a system without ETS (coun-
terfactual scenario)

» designing the alternative policy scenario

In general, any approach to assess the ex-post cost-efficiency of the EU ETS will face a trade-off be-
tween breadth (broad coverage of ETS sectors) and depth (coverage of detail in a single sector), in
addition to data and resource constraints.

The Tier 1 approach while relatively easy and intuitive provides a very rough assessment of cost effi-
ciency. It serves as a good starting point and is able to include all ETS sectors and countries. Due to the
lack of detailed and technology specific information on abatement costs, it is better applied to more
aggregated levels of analysis. However, this does not preclude an assessment differentiating a number
of countries and sectors. Further research might be devoted to such a differentiation which would be
easy to implement and might reveal more detailed insights than currently derived.

The Tier 2 approach requires additional information on the shape of the marginal abatement cost
curves. Yet, it may allow more detailed analysis with more realistic results due to the use of techno-
economic information where available. Therefore, it is well suited to assess the cost efficiency of the
ETS, as the abatement costs are based on underlying real-world data and therefore can compare the
costs of different abatement options directly. However, the availability of suitable abatement cost
curves is key and needs to be carefully considered. In a best case, ex-post cost curves would be availa-
ble with required sectoral and regional detail. If such curves are not available, adjustments can be con-
sidered, as they were applied in this study. However, such adjustments can always only be second best.
Another challenge is the definition of an appropriate alternative policy scenario which is crucial for the
analysis. We defined abatement requirements based on each sector’s respective free allocation, plus
the auctioned amounts (for the electricity sector), as an indicator for the emissions that each sector
would still be allowed to emit. It would be desirable to investigate other scenarios e.g. with specific
emission limits by product or sector.

The Tier 3 approach allows for endogenous analysis of emissions reductions and mitigation costs and
may therefore be superior to the other two tiers. However, it requires access to, and use of, a detailed
model which often is not free of charge or might only be available for individual sectors in specific
countries. This type of analysis is more easily carried out for the electricity sector than the industry
sector, which is much more heterogeneous. Furthermore, the models have to be able to describe both
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long- and short-term efficiency and abatement opportunities (e.g. fuel switch options in industry) in
order to realistically assess the effects of an ETS. An assessment of trading across a number of sectors
(or all EU ETS sectors) can only be made if the respective bottom-up models can be linked or if, as de-
scribed above, an energy system model is available, in order to take account of the interactions be-
tween sectors and between energy supply and demand. A simple addition of model results is not pos-
sible.

For future assessments, models should be further improved regarding the level of detail they provide
and use as data basis, and at the same time improve the data quality regarding mitigation options and
elaborate the modelling of decision making by firms. Firm interviews and written surveys can provide
a helpful technique to gain a better understanding of the firm’s decision making processes and the
technology choices made in the past. Generally, models in Tier 3 applications require detailed infor-
mation and are based on various assumptions. All functional specifications and model parameters
need to be carefully chosen, checked throughout calibration processes and possibly readjusted. Still, it
needs to be kept in mind that models aim to provide a simplified representation of some complex phe-
nomenon; they do not aim to grasp - and can never reflect - the full extent of reality. Thus, uncertain-
ties remain.

To sum up: The analysis revealed that taking into account data availability and resource intensity of
the different tiers, none of the three methods is generally superior to the other, they rather have dif-
ferent uses and may complement each other. The approaches will always face a trade-off between
breadth and depth of the analysis, and encounter data and resource constraints. Moreover, the as-
sumptions taken to define a framework might shape the results to a specific extent. It is therefore im-
portant at the outset of an analysis to clearly specify the goal of the analysis (e.g. assessment of EU-
wide efficiency, sectoral /regional efficiency, first estimate or in-depth assessment including efficiency
gains from intra-sectoral trading etc.) as well as to assess the level of information and detail necessary
to reach this goal.
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1.1 Introduction

Emissions trading is a popular instrument in climate policy since in economic theory, it can be shown
that an emissions trading system reaches a given emission target (“cap”) at least costs (Montgomery,
1972). The possibility to trade emission certificates at the market creates a situation where - in theory
- all firms participating in the emissions trading system face equal marginal abatement costs, equal to
the market price for emission certificates. Trade ensures that only least cost abatement options are
realized, because firms will buy emission certificates if the marginal cost of abatement is higher than
the certificate price and in contrast they will pursue additional reductions and sell their excess emis-
sion certificates at the market if the marginal costs of abatement are lower than the certificate price.
Regulatory measures such as e.g. minimum standards do not provide this flexibility concerning the
abatement options inherent to an emissions trading system. Hence, chances are small that under regu-
latory measures equal emission reductions can be reached at comparable costs. Ex-ante analyses sup-
port this assumption (see e.g. Bohringer 2002; Fujimori et al. 2015; Kemfert et al. 2006; Paltsev et al.
2014; Stevens & Rose 2002) and report efficiency gains from trade in the order of 23 % to 40 % (Ca-
pros and Mantzos 2000; Bohringer 2002, Matthes et al. 2003), but so far to the knowledge of the au-
thors no ex-post analysis are available. Within this report, we present an approach and results for a
backward looking analysis of the cost savings from trade under the EU ETS in its second trading peri-
od.

The methodology follows Ellerman et al. (2000) who carried out an ex-post analysis of the SO, trading
system in the U.S. 3. We adapt the approach to the EU ETS. The general idea to determine efficiency
gains from emissions trading is to compare the costs of emission reductions in an ETS policy scenario
(“ETS Scenario”) to the cost under an Alternative Policy Scenario achieving the same emission reduc-
tion, but without the possibility to trade. The analysis relies on marginal abatement cost curves com-
bined with historical price and emissions data. The analysis proceeds in four steps:

» Calculation of total emission reductions

The emission reduction is determined via two different approaches: under the quantity method ob-
served emission levels (verified emissions) are subtracted from counterfactual emission levels (cor-
rected BAU) to obtain total emission reductions. Under the price method total emission reductions are
derived by applying the observed CO- price to an aggregated marginal abatement cost curve.

» Allocation of emission reductions between countries and sectors

Total emissions abatement under the Alternative Policy Scenario is scaled down to match the one in
the ETS Scenario. This is important in order to be able to interpret differences in abatement costs be-
tween the ETS Scenario and the Alternative Policy Scenario as differences in efficiency, rather than as
differences in the absolute amount abated. But the allocation of the emission reductions to the coun-
tries and sectors differs between the two scenarios.

In the ETS scenario, the country and sector specific emission reduction is determined based on an
equal price for all sectors and countries. The individual abatement per country and sector is derived
by applying this price to each sector and country’s marginal abatement cost curve.

In contrast, the Alternative Policy Scenario does not allow for the flexibility of trade and the associated
equalisation of marginal abatement costs. The individual abatement of each country and sector in the

Alternative Policy Scenario is determined based on each sector’s and country’s share in free allocation
during the second trading period. Allowances that have been auctioned or sold are added to the freely

3 A summary of their approach in German is given in the preceding research project’s final report (Umweltbundesamt 2016)
in Chapter 3,1.
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allocated ones in the electricity sector to not underrate the permitted emissions level under the Alter-
native Policy Scenario.

» Calculation of total abatement costs for policy scenarios

In both scenarios the mitigation cost are calculated based on cost curves for abatement options real-
ised under the ETS and an Alternative Policy Scenario. Since the abatement options are very diverse
for the different sectors, the marginal abatement cost curves are taken from the bottom-up techno-
economic POLES model.

» Calculation of the efficiency gains

Efficiency gains are represented by the abatement cost difference between the two scenarios. The per-
centage gain is calculated as the cost saving compared to the cost under the Alternative Policy Scenar-
io.

The analysis faces a major challenge: the construction of a counterfactual scenario and accordingly
abatement under the EU ETS since there are other factors also influencing emissions such as changes
in economic activity, “autonomous”efficiency improvements or price-driven changes in the demand for
fuels. Emission reductions associated with these factors are not due to the existence of the EU ETS and
hence should not be included in the cost analysis based on the marginal abatement cost curves. In
particular the inclusion of the (temporary) effects from the economic downturn on industrial produc-
tion and hence emissions would result in a significant overestimation of abatement and, as a conse-
quence, abatement costs in the second trading period. Hence, a correction has been applied to estimate
counterfactual emissions that are consistent with the observed developments of other factors that
have an impact on emissions. This correction is nontrivial; therefore section 1.2 of this report discuss-
es factors that likely influence emissions in the ETS sectors other than the carbon price. This is fol-
lowed by a description of the methodology for the BAU correction and of the corrections that have
been carried out within this report.

Another major challenge is the definition of the Alternative Policy Scenario, namely, the definition of
assumptions how the aggregate reduction requirement would be divided among industry sectors and
countries in the case of climate policy without an ETS.

In this paper, the main factors influencing CO; emissions are discussed based on a literature review
(Section 1.2). Several studies have evaluated the impact that different factors have on emissions under
the EU ETS (e.g. Laing et al. 2014, Gloaguen and Alberola 2013; Chevallier 2011, Declercq et al. 2011,
Ellermann and Buchner 2008). The literature-based part is followed by a discussion of how to opera-
tionalise the correction for selected factors and what problems might arise (Section 1.3). The discus-
sion of each factor impacting emission development is followed by a short conclusions and recom-
mendations section on which a selection of factors was made.

The previous analyses carried out in a preceding research project on the evaluation and further devel-
opment of the EU-ETS (Cludius et al., 2016) employed abatement cost curves generated by the POLES
model (a partial equilibrium model of the energy system in the EU) which were generated in 2009 on
the basis of economic and emissions projections available at that time. Abatement information is avail-
able for all EU Member States, Norway and Switzerland* and all sectors covered under the EU ETS.5

4 Within the POLES model some countries are grouped: Belgium and Luxembourg are summarized as BLX; Estonia, Latvia and
Lithuania are grouped as Baltic States; Slovenia, Malta and Cyprus form the group of Small Mediterranean Countries
(SMC). Norway, Switzerland and Iceland are grouped as Rest of Western Europe (RoWE).
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For the aggregated analysis, the curves were aggregated to provide two curves for each region/ coun-
try, one for the Electricity Sector and a second one for the Industry Sector. Within the disaggregated
analysis, for the Industry sector the disaggregated curves for “other transformation”, “steel”, “non-
metallic minerals” and “other industry” have been used. Assuming different mitigation obligations for
the Member States and sectors under an ETS Scenario compared to an Alternative Policy Scenario,
total abatement costs under both scenarios were compared. This approach was labelled a “Tier 2" ap-
proach in the previous project, characterised by reliance on exogenous abatement cost curves. Other
approaches are based on simpler assumptions such as linear abatement cost curves (called “Tier 1” in

the previous project) or own model runs (“Tier 3”).

A corrected BAU-estimation allows the correction of these POLES marginal abatement cost curves, and
thus a more accurate estimation of emission abatement and, based on this, of cost reductions triggered
by the EU ETS in the context of the Tier 2 analysis. The discussion in this paper is therefore targeted
towards the Tier 2 approach and the POLES marginal abatement cost curves (MACCs) used within this
analysis.

For those factors selected for the correction, section 1.3 includes the calculated impact of the correc-
tion on POLES BAU emissions. In section 1.4 the corrected POLES BAU curves and MACCs are used to
estimate the efficiency gains (abatement cost savings) from allowance trading in the EU ETS. The sec-
tion first presents results for a calculation for an average year of the 2nd TP and for the year 2008
based on aggregated data for the industrial sector vs. the electricity sector. This is complemented by a
disaggregated calculation of cost savings that includes gains from intra-sector trade. Section 1.5 con-
cludes.

1.2 Factors influencing the development of CO; emissions within EU ETS sec-
tors

Apart from the CO; price within the EU ETS, there is a variety of factors that have or might have an
impact on the emission of greenhouse gases from the ETS sectors. Several studies analyse the influenc-
ing factors theoretically or empirically, focussing on the EU ETS or the economy as a whole. In the fol-
lowing, we concentrate on the empirical studies.

Ellerman and Buchner (2008) present one of the first approaches to estimate emission reductions
resulting from the EU ETS for the years 2005 and 2006. They argue that a counterfactual estimate
purely based on economic activity indicators is misleading. Therefore their estimate is based on an
extrapolated trend for CO;-intensity improvements calculated as average annual improvements be-
tween 2000 and 2004 as well as on economic activity developments in the years 2005 and 2006. Based
on sector-specific data they conclude that CO»-intensity is likely to develop similarly in single sectors
and in the economy as a whole. Estimates should, however, be country-specific to reflect significant
differences between countries. Changes in energy prices are not directly included in the estimate of
the counterfactual emissions, the authors point out, however, that the estimate is rather conservative.
Their reasoning is that prices for oil and gas increased significantly more than prices for coal. This like-
ly had an increasing effect on CO; emissions (from electricity generation) in the short-term. A similar
approach is used by Ellerman, Convery and de Perthuis (2010) for later years.

» o«

5 The relevant sectors in the POLES model are “electricity”, and the four industrial sectors “other transformation”, “steel”,
“non-metallic minerals” and “other industry”
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Ellerman and Feilhauer (2008) follow a very similar approach by estimating counterfactual emissions
for Germany based on historic trends. They also use CO-intensity, but vary the measure used for eco-
nomic development (GDP vs. gross value added and production) and split the estimate between power
sector and industrial sectors. They also mention that the estimate should be seen as an upper bound
due to e.g. changes in energy-intensity that are not taken into account in the applied methodology.

Anderson and Di Maria (2011) estimate a counterfactual scenario without EU ETS for the first trading
period based on a dynamic panel data model. They include data on economic activity, weather factors
(heating and cooling days as well as rain) and energy prices (either for energy carriers or for electrici-
ty). Having checked different specifications they decided to use a specification including economic
activity, weather variables and electricity prices to predict counterfactual emissions. Based on those
counterfactual emissions they calculate that net abatement of around 3 % occurred in the first trading
period. This is significantly lower compared to net abatement calculated based on ex-ante BAU emis-
sion estimates taken from the countries’ NAPs (13 %). According to Anderson and di Maria (2011) this
may point to a potential overstatement of BAU emissions calculated ex-ante as contained in the NAPs.
Alternatively, the estimate of Anderson and DiMaria (2011) could be inadequate.

Gloaguen and Alberola (2013) estimate counterfactual emissions for the years 2005 to 2011 including
data on the share of renewable energies (RES-E) in electricity generation, energy efficiency, the manu-
facturing output and, a carbon price to switch price ratio to take into account differences in energy
prices. Estimates are again based on a panel data model.

Berghmans et al. (2014) concentrate on the power sector. They test the significance of a number of
different factors likely to impact CO; emissions in the power sector also based on a panel-data set. The
factors include economic activity, low-carbon power production, primary energy prices (gas, coal), CO-
prices and other factors influencing the operation of power plants contained in their data set, such as
other regulations limiting the use of a power plant as well as plant specific factors such as size of the
power plant, energy efficiency of the power plant, availability of CHP within the plant, fuel type used
within the plant and turbine technology. Not included are data on weather conditions and on power
generation outside the EU.

Abrell, Ndoye-Fay and Zachmann (2011) analyse the factors influencing changes in firms’ CO, emis-
sion levels. They find that not only economic activity is an important factor, but also that changes in
allocation and sectoral affiliation influence the emission reductions of firms. The approach taken by
Abrell, Ndoye-Fay and Zachmann is interesting as in contrast to most other studies they perform an
econometric analysis based on firm-level data. They match CITL data with data from the AMADEUS
data base. Further, the analysis is based on differences comparing developments between the years
2005-06 and 2007-08.

Diakoulaki and Mandaraka (2007) focus on the manufacturing sectors within 14 EU countries. They
analyse the changes in energy-related CO; emissions between 1990 and 2003 (i.e. before the EU ETS).
They find that among the most important factors influencing the development of CO; emissions are the
changes in output, structural shifts between output sectors, changes in energy intensity, changes in the
energy mix (e.g. from coal to natural gas respectively renewables and CHP) and power utility mix (i.e.
more renewable power plants). Based on a decomposition analysis, they conclude that 7 out of 14 EU
countries demonstrate a significant decoupling between their industrial growth and the growth of CO;
emissions.

Trotignon (2012, chapter 2) empirically investigates the relationship between industrial production,
GDP growth and emissions for the EU 27. To derive an elasticity of emission growth to GDP growth
(we will call this “mapping”in the remainder of this report), he estimates elasticities of industrial pro-
duction to GDP and of emissions to industrial production. A basic assumption is that elasticities remain
constant over time. For the period 1999-2004 the estimated elasticity is 0.8 for industrial production
to GDP (i.e. industrial production increases by 0.8 % in reaction to a 1 % increase in GDP) and 0.6 for
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emissions to industrial production. ¢ Hence, the resulting elasticity of emissions to GDP is 0.5 (0.8*0.6)
or in other words a 2:1 relation from GDP to emissions. Trotignon (p. 52) suggests, however, that the
elasticity of emissions to GDP is likely more pronounced in case of an economic crisis (i.e. a decrease in
economic activity) because old and relatively inefficient installations would tend to reduce output first,
and proposes a “doubled”elasticity of 1.2 between emissions and industrial production without further
elaboration. For the elasticity between industrial production and GDP, he assumes 0.8 also for down-
ward shifts. This would imply a 1 % reduction in emissions for a 1 % reduction in GDP thatis a 1:1
correction which will be used when estimating responsiveness of emissions to a reduction of GDP.

Since the elasticity of emissions to GDP depends on the relationship between industrial production
and GDP, obviously, the industrial structure within a country influences the elasticity of emissions to
GDP. However, no overview of emission elasticities has been found by the authors of this report for
individual European countries.

Table 1-1: Overview of studies estimating counterfactual emissions
Factors other than CO; prices Data set & methodology
found to have an impact on CO;
emissions
Ellerman and Buchner, - economic activity Estimation of counterfactual emissions
2008; Ellerman, Convery - CO-intensity of GDP based on historic data and trend extrap-
and de Perthuis, 2010 olation
Ellerman and Feilhauer, - CO-intensity of GDP Estimation of counterfactual emissions
2008 - weather (only qualitatively) based on historic data and trend extrap-
- energy prices (only qualitatively) | olation
Anderson and Di Maria, - economic activity Panel data analysis for 25 EU member
2011 - weather variables states

- energy/ electricity prices

Gloaguen and Alberola, - economic activity Econometric panel data analysis
2013 - switch price of gas and coal
- energy efficiency

- renewable energy

(- weather variables)

Berghmans et al., 2014 - economic activity Panel data analysis for the power sector,
- low-CO; power generation based on firm-level data

- other legislations
- energy prices

Abrell, Ndoye-Fay and - economic activity Firm-level data, econometric analysis
Zachmann, 2011 - initial allocation based on change rates
- sectoral affiliation
Diakoulaki and Mandara- | - output Decomposition analysis for 14 EU coun-
ka, 2007 - structural changes tries for the development of CO, emis-
- energy intensity sions between 1990-2003
- energy mix
- utility mix

6 Gloaguen and Alberola (2013) estimate with 0.44 a slightly lower elasticity of emissions to industrial production (opera-
tionalized as an index of manufacturing output). Their sample includes 21 European countries and refers to the years
2005-2011. For consistency, we stick to the elasticities estimated by Trotignon.

32




Effektivitdt des Emissionshandel — erweiterte Analysen — Schlussbericht

Factors other than CO, prices Data set & methodology
found to have an impact on CO;
emissions
Trotignon 2012 - economic activity Estimation of counterfactual emissions
- energy intensity based on extrapolation via industrial
production index and elasticity of emis-
sions

The above overview shows that several different factors are assumed to have an impact on CO; emis-
sions, of which some have been found to be significant within econometric analyses and others have
not. The most obvious factor taken into account in all counterfactual estimates is the economic activity.
The increase in production triggers higher emissions if the emission intensity remains (roughly) con-
stant (or at least does not improve more than the rate of economic growth). This effect reverts when
the economic activity decreases. Therefore, if the affected sectors participate in the EU ETS, an eco-
nomic downturn is expected to reduce CO; emissions covered by the scheme. Estimates on the impact
of the economic downturn vary between 174 Mt CO; over the years 2008 and 2009 in the power sec-
tor (Declercq et al. 2011) and 300 Mt CO; over the period from 2005-2011 for the whole EU ETS
(Gloaguen and Alberola 2013). Gloaguen and Alberola further point out that the reduction of CO; emis-
sions because of decreased economic output mainly took place within the manufacturing sector. The
decrease in the output in the energy sector was less pronounced.

As economic activity has been shown to be a major driver of emissions in the literature, we carry out
an in-depth analysis of potential indicators that can be used to correct for this factor in Section 1.3.10.
Apart from economic activity, other factors found to be of relevance for the development of CO, emis-
sions are:

(Autonomous) changes in energy-intensity

Weather-related factors (such as rain or heating and cooling days)

Changes in energy prices (absolute, and relative to each other)

Policy instruments (besides the ETS) to foster the transition towards a low-carbon economy
Changes in the amount of renewable or nuclear energy generation

(Industrial) structural changes, e.g. off-shoring of emissions

vVvyvyvyyvyy

As the overview above shows, several authors try to include one or more of those factors in an econo-
metric analysis to estimate counterfactual emissions based on econometric models. However, such a
combination is difficult as the significance of individual factors is low in such models. In particular
weather-related factors are therefore often excluded again from the models as their significance can-
not always be shown. Also, some authors assume that the variables chosen to reflect the impacts they
assume are not always optimal and might therefore not be able to capture the effect expected/ as-
sumed.

Ellerman and Buchner (2008), Ellerman, Convery and de Perthuis (2010) and Ellerman and Feilhauer
(2008) use COz-intensity (per unit of GDP) instead of different factors such as the above ones to esti-
mate counterfactual emissions. While this approach neglects the different individual factors influenc-
ing CO, emissions listed above, it allows a simplified estimation taking into account the joint effect of
all factors influencing the CO; intensity instead of focusing on only one or two of the factors. Moreover,
it is less data intensive and uses robust inputs to the estimation as data on GDP and emissions can in
general be assumed to be both available and fairly well reported. As we will discuss in Section 1.3, for
some indicators, data (un-)availability is one of the main barriers to correction of the BAU emissions.

Regarding the mapping between changes in GDP/production and changes in CO; emissions, the study
by Trotignon provides an indication to their relationship. Trotignon assumes that while the elasticity
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between production and GDP is 0.8 independent of an increase or decrease of GDP, the elasticity be-
tween industrial production and emissions is 0.6 in case of an increase in industrial production and 1.2
in case of a decrease in industrial production. Both assumptions can be critically examined. For the
relation between GDP and production it can just as well be assumed that in case of negative GDP
growth reductions in industrial production are over-proportionately high. For the relation between
production and CO; emissions, it can, on the one hand, be reasoned that less efficient installations will
be the first to reduce their production, increasing overall efficiency of the installations still producing
and supporting Trotignon’s assumptions. On the other hand, a lower level of capacity utilization will
result in lower efficiency, contradicting Trotignon’s assumptions.

Summarising the papers analysed it seems that comparing counterfactual and real observed data is an
adequate and common way to analyse the impact of different factors on CO; emissions. At the same
time, the analyses show that several other factors than the CO; price also impact CO; emissions. There-
fore, it seems reasonable to try to correct the POLES BAU for those factors that differ largely from his-
toric development to reduce the distortions within the following estimate of emission reductions from
the EU ETS and the cost efficiency analysis.

Box 1: Most important factors influencing CO, emissions in ETS sectors in addition to CO, prices

Based on the analysed studies, the most important factors influencing CO, emissions in the ETS sectors
apart from CO, prices are:
» Economic activity
(Autonomous) changes in energy-intensity
Weather-related factors (such as rain or heating and cooling days)
Changes in energy prices
Policy instruments (other than ETS) to foster the transition towards a low-carbon economy
Changes in the amount of renewable or nuclear energy generation
(Industrial) structural changes, e.g. off-shoring of emissions

vyVVYyVYyYVYYVYYy

Alternatively, CO-intensity can be used as an aggregate indicator for the effects of the above men-
tioned factors excluding the economic activity.

1.3 POLES BAU corrections: Method, selected factors and application

This section gives an overview of the methodology for the BAU correction applied in this analysis, the

factors that can be corrected for - and the possibilities of doing so - in the context of the POLES curves
used in the Tier 2 approach for estimating cost savings from an ETS. It ends with a discussion of those
factors that have not been used for the BAU correction.

In the case of the Tier 2 approach, counterfactual developments are those defined in the BAU of the
marginal abatement cost curves, here the POLES curves (at a carbon price of 0 €/t CO2). These can be
compared against actually observed developments to level out emission effects from other factors and
derive the estimated actual abatement under the ETS. Restrictions exist, however, since a correction of
factors determining the BAU in POLES requires the following conditions to be met:

1. the assumptions for the factor made in the BAU in POLES are available and published - or, in case
this does not hold, a reasonable assumption can be made,

2. data on actual developments of the factor are available,

3. the factor is exogenous within the model (in case of endogenous factors they cannot be corrected
for without running the model) and

4. the impact of factors on CO2 emissions can be estimated.
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In the following subsections we provide further data and arguments on which of the above identified
factors should be included in a correction of the POLES BAU. For the factors that were considered suit-
able for a correction of the POLES BAU, this section also presents the results of the correction.

Based on the discussion of all factors, a correction is done for the economic activity and for the genera-
tion mix, the latter in the form of the share of renewable and nuclear electricity generation:

» The factor economic activity meets all requirements and can be operationalised via the GDP.
We briefly discuss the potential use of production indices, energy demand and value add-
ed/production value as indicators for economic activity since these would allow a more differ-
entiated correction for individual sectors (see below in Section 3.2.1). However, limitations in
data availability - especially missing disaggregated (by sectors) information on POLES as-
sumptions - as well as significant divergence in the development between different sector-
specific indicators (see Section 3.2.1) let us come to the conclusion that a detailed correction
by individual sectors is not advisable. The correction for changes in economic activity should
therefore be applied equally to all sectors. For the relationship between GDP and emissions we
assume, based on the literature, an elasticity of 1:1. This means, for example, that if real GDP
development was lower by 3 % than assumed in the POLES projections, emissions are also re-
duced by 3 %. This correction is applied to both the electricity sector (-129 Mt) and Industry
(-50 Mt) sectors, resulting in an overall downward correction by 179 Mt for the average year
from 2008-2012. For the single year 2008, the correction is -27 Mt, of which -20 Mt is in the
electricity sector and -7 Mt in the industry sectors (see Table 1-2).

» For the deployment rate of renewable energies, POLES data are available only for a mitigation
scenario; however, we argue that it might still be possible to use POLES data on renewable en-
ergy shares since for the observed low CO; prices it seems very likely that not the ETS but spe-
cific renewable energy policies drove the deployment of renewable energy sources. For similar
reasons we assume that corrections for the amount of nuclear power generation are also feasi-
ble with the data available. The correction is only applied to the electricity sector and leads to
an upward correction of BAU emissions of 28 Mt (for the development of renewables +26 Mt
and nuclear energy +2 Mt) for the average of 2008-2012 (see Table 1-2). For the single year
2008, the correction increases the BAU emissions by 61 Mt (of which 55 Mt is from correction
for renewables and 6 Mt from nuclear). The correction is based on the share of renewables and
nuclear in electricity generation. For renewable alternatively the correction could also be done
based on the share in consumption. However, for nuclear this would not be possible because
data is not available for the POLES scenario.

The more general correction for economic activity via GDP can be combined with the correction for
the share of RES and nuclear power generation since there is no (or only little) overlap between these
different factors to achieve a more complete correction.

Table 1-2 summarizes the changes thus made to the POLES BAU emissions in both the electricity sec-
tor and industry sectors, as well as overall. Whilst the correction for GDP leads to a downward correc-
tion, the correction for renewable sources and nuclear energy in electricity increases the BAU. Overall
BAU emissions decrease by 7 % for the analysis of the average year of the second trading period and
increase by 1 % for the single year 2008 analysis.

These corrections are not only applied to the POLES BAU, i.e. emissions at a carbon price of 0, but also
at each step of the abatement cost curve. In order to do so, the percentage changes between the origi-
nal BAU and the corrected BAU are applied to all (relevant) abatement cost curves as described in Sec-
tion 1.3.10.
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Table 1-2: Summary of corrections and their effect on the POLES BAU emissions

Mt CO2 eq. Counterfactual GDP correction RES-E and nuclear Counterfactual
emissions before correction* emissions after

correction correction

@ 2008-2012
Electricity @'08- | 1,652 -129 28 1,551
'12
Industry @'08- 636 -50 0 586
'12
Total @'08-'12 2,289** -179 28 2,137

2008

Electricity '08 1,621 -20 61 1,662
Industry '08 643 -7 0 635
Total '08 2,264 -27 61 2,298**

Note: These data refer to the disaggregated analysis. For methodological reasons, the corresponding values of coun-
terfactual emissions before correction differ in the aggregated analysis, and hence also corrected counterfactual emis-
sions differ. The main reason is that emissions from the POLES models are scaled to match EUTL emissions in 2006
separately for all four industry subsectors in the disaggregated analysis, but for the aggregated analysis the scaling is
made on the aggregated level for the whole industry sector.

Sources: own calculation based on POLES data and data sources described above.7

*set to 0 for Norway, since no emissions in POLES electricity sector

** Deviation of the total from the sum of electricity and industry because of rounding

Apart from economic activity and the power generation mix, several other factors with an impact on
CO; emissions have been considered with respect to whether they can be corrected for in the BAU
emissions. The factors for which a correction has not been carried out are summarised in the follow-
ing. A more detailed discussion is provided in the Annex.

» No correction of industrial structural changes is possible due to a lack of data from the POLES
BAU. However, we assume this to be a minor problem since the countries included in the anal-
ysis are industrialised countries with stable economies where structural changes in the period
under investigation have likely been small.

» Also, climatic factors are not considered further since no information is available on their im-
pact in the POLES projections. Since the effect may appear mainly in heating and cooling, this
does not appear to be a major concern for the present analysis, which is concerned only with
those factors covered by the EU ETS.

» Fuel prices impact the fuel mix. Data for fuel price development, POLES data on oil, gas and coal
prices are available on an aggregate level, i.e. without further specification for countries. Addi-
tionally, electricity prices are available at country level differentiated by industrial and resi-
dential customers. Since data is not available at country level and since information on how

7 Two further changes compared to the analysis carried out in the previous ETS-5 project (Umweltbundesamt 2016) were
applied: Bulgaria, Romania, Norway/Switzerland/Iceland were added to the analysis and the sector refineries was shift-
ed to the Industry sector (as part of “other transformation”).
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price changes impact the fuel mix in reality and within the POLES model is too limited to carry
out a meaningful correction, these factors cannot validly be corrected for.

» For energy intensity, POLES data on energy intensity is available only for a mitigation scenario.
Since the CO; prices assumed in the POLES mitigation scenario very likely had an effect on en-
ergy intensity, these data cannot be used as a valid substitute for POLES BAU. Hence, a valid
correction cannot be carried out.

» (O:-intensity is available from POLES and is an appealing indicator potentially allowing a cor-
rection for several factors influencing CO; emissions at once, and requiring less detailed infor-
mation than a correction based on several individual factors. Importantly however, the differ-
ent drivers for changes in CO; intensity (amongst which the EU ETS is one) cannot be separat-
ed. Also changes in production affect CO; intensity, which occurred in particular during the
economic crisis. Therefore, we refrain from using CO»-intensity to correct the POLES BAU.

Table 1-3 gives an overview of how the correction of the POLES BAU for the factors discussed above
can be operationalised. It shows the emission-driving factor to be corrected for, indicators that can be
used for correction, data on these indicators in POLES and data sources that show their actual histori-
cal development. Finally, we give an overview of the recommendation regarding the different factors,
which will be further substantiated in the in-depth discussion of the different indicators carried out in
the following sub-sections.

Table 1-3: Handling of selected factors influencing CO2 emissions in the analysis
Factor Indicator Variable in POLES Variable(s) in Handling in the analysis
[unit] EUROSTAT/
other sources
[unit]
Economic ac- GDP GDP at constant GDP annual Indicator applied in the BAU correction
tivity prices [$1995] volume chang-
es [%]
Energy de- Gross inland con- | Gross inland No correction feasible since no POLES
mand sumption [toe] consumption BAU data for this factor is known and
[toe] since CO; price may affect it.
Sector- Not available Value added, No correction feasible since no POLES
specific indi- production BAU data for these indicators are
cators value, energy known.
purchases
Annual volume
changes vs.
2008 [%]
Structural Not available No correction for structural change
change because underlying data from POLES is
not available. Since the investigated
countries are stable economies the
resulting deviation can be expected to
be small.
Climatic fac- Not available No correction for climate factors be-
tors cause of lacking data on the assump-
tions in POLES. Effect likely small for the
EU ETS sectors and hence a minor con-
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Indicator

Variable in POLES
[unit]

Variable(s) in
EUROSTAT/
other sources

Handling in the analysis

Fuel mix

Renewable
energy

policy

Low-carbon
power genera-
tion other than
RES (i.e. nucle-
ar)

Energy
intensity/ en-

ergy
efficiency

COz-intensity

Fuel prices

RES-E share

Nuclear
share in
power gen-
eration

Energy con-
sumption
per econom-
ic output

CO; emis-
sions per
economic
output

Prices for oil, gas
and coal

Share of
renewables in
electricity [%]

Share of
renewables in
gross inland con-
sumption

Share of nuclear
in electricity

Gross Inland Con-
sumption/GDP
[toe/MS$95]

CO, emissions
/GDP [kt
CO,/MS95]

[unit]

Oil. gas and
coal prices
from DESTA-
TIS/ Statis-
tisches Bun-
desamt

Gross
electricity gen-
eration by
sources [GWh]

Gross electrici-
ty generation
[GWh]

Gross inland
consumption
[toe]
Renewable
energy prod-
ucts in gross
inland con-
sumption
[toe]

Gross electrici-
ty generation
by sources
[GWh]

Gross inland
consumption
[toe]

GDP annual
volume chang-
es [%]

CO, emissions
from coun-
tries’ invento-
ries under the
UNFCCC

GDP annual
volume chang-

cern for the present analysis

No further correction for fuel prices as
potential driver of fuel mix changes
since information on how price changes
impact the fuel mix within the POLES
model and in reality is lacking

Indicator applied in the BAU correction.
Although no POLES BAU figures are
available, corrections can be recom-
mended based on the POLES mitigation
scenario, assuming that historic CO;
prices have had a very limited impact
on the deployment of renewables

Correction feasible but not necessary,
as the gross electricity generation al-
ready provides an adequate indicator
that is also available for nuclear genera-
tion and hence allows for a combined
correction of the effect of low-carbon
electricity generation

Indicator applied in the BAU correction.
Although no POLES BAU figures are
available, corrections can be recom-
mended based on the POLES mitigation
scenario, assuming that historic CO;
prices have had limited impact on the
deployment of nuclear power

As POLES BAU values are not available
and CO; prices should have had an im-
pact on energy intensity, it is not rec-
ommended to correct for differences in
the development of energy intensity

COs-intensity is an aggregate indicator
that is influenced by energy intensity as
well as fuel mix and changes in produc-
tion or economic structure. Therefore,
a correction based on COz-intensity is
not recommendable.
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Indicator Variable in POLES Variable(s) in Handling in the analysis
[unit] EUROSTAT/
other sources
[unit]
es [%]
1.3.1 Methodology of BAU correction and its impacts on the cost efficiency analysis

The BAU correction is operationalised by correction factors. These factors are established by compar-
ing the historical development of certain factors with an impact on emissions (e.g. economic develop-
ment operationalised via GDP) with the projected development of those factors in the POLES BAU sce-
nario. The correction factors are established individually for each country/region. The correction fac-
tors are then applied to correct the respective BAU emissions and marginal abatement cost curves of
the sectors to which the correction applies in the respective country. This is done in two steps.

In step 1, we adjust the level of the BAU emissions to a level which we assume is more adequately re-
flecting the actual development of economic and other factors in the past than the assumptions under-
lying the POLES BAU emissions.8 In Figure 1-1, the principle of the BAU emission level's correction is
illustrated for the electricity sector and the industrial sector (based on the data used for the analysis).
Starting from the red line for the electricity sector (respectively the dark blue line for the industrial
sector), corrected BAU emission levels are determined indicated by the yellow line (light blue line). In
this example for the electricity sector in the year 2008, the development was corrected slightly up-
wards and in 2009 substantially downwards due to the economic crisis for the electricity sector as
well as the industrial sector. For 2010 to 2012, although the historic development was again similar to
the projections, due to the differences in the year 2009, the level is significantly different. ¢

8 As noted in the introduction, the analysis is based on POLES curves constructed in 2009 with 2006 as base year. For practi-
cal reasons we could not generate new model-runs covering for the actual historic developments, but had to use the
available curves.

9 Results are presented for the average year of the 2nd TP and the aggregate of the four industrial sectors for ease of presenta-
tion. The corrections are applied for each year and each sector individually.
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Figure 1-1: Illustration of projected and corrected BAU emissions for industrial and electricity sector
in the EU
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Source: Own illustration based on POLES data and own calculations, Fraunhofer 1SI, Oko-Institut

In step 2, the marginal abatement cost curve for each year is adapted based on the corrected BAU
emission levels. We begin by calculating the percentage change in BAU emissions between the project-
ed BAU and the corrected BAU. This ratio is then used to adapt the mitigation potential in each step of
the marginal abatement cost curve. Figure 1-2 illustrates the second step. The red and dark blue step
functions correspond to the projected emission levels in the MACC for the average year of the 2nd
trading period. The yellow step function is derived from the red step function by multiplication with
0.94 and the light blue from the dark blue function via multiplication with 0.92, the respective ratio
between the corrected BAU and the projected BAU emissions in the average year of the 2nd trading
period. The step functions in Figure 1-2 show the corresponding MACCs in the projected (uncorrected)
BAU and the corrected BAU case for the electricity sector and the industrial sector.
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Figure 1-2: Projected and corrected emissions at different price levels for electricity and industrial
sector (average 2nd TP)
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Source: Own illustration based on POLES data and own calculations, Fraunhofer 1SI, Oko-Institut

By this approach we assume that the abatement potential on all steps of the abatement cost curve is
equally impacted by the change in emissions. Hence, the adaptation changes the level of the MACCs,
but it does not change the distribution of the reduction potential across different prices. Alternative
assumptions could have been made on which abatement potential (i.e. for which carbon price) is par-
ticularly affected by the change in BAU emissions. The changes in emissions could e.g. have been ap-
plied exclusively to a price of zero, leaving the remaining curve unchanged. This would imply that the
change in economic activity (or any other deviation in the BAU) would impact only the lowest cost
reduction options leaving the absolute higher-cost potential unchanged. This assumption does not
seem plausible to the authors. To the authors it seems more realistic to assume that changes in BAU
emissions equally affect installations across all sectors. In that case, abatement potential is equally
affected for different prices, too. Based on the corrected MACCs, we can then apply the cost efficiency
analysis as usual, by determining the abatement for different groups of ETS installations (grouped by
Member State, sector, etc.) under the ETS, i.e. at an equal price and under the alternative policy and
from this, quantifying the associated total and relative abatement cost with, and without, trading be-
tween them. As a result of the above-mentioned corrections of the BAU and the associated changes in
the MACCs, the point of intersection of the two MACCs changes and hence the abatement costs and
(likely) the efficiency gains change (see Figure 1-3). The original MACCs (in red and dark blue) result-
ed in total abatement of around 156 Mt CO; eq. in the example provided in Figure 1-3. Applying the
same analysis, but using instead the corrected MACCs (in yellow and light blue) results in lower total
reductions (148 Mt CO; eq.) even though the price at the point of intersection remains the same.
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Figure 1-3: Cost-efficiency analysis based on projected and corrected MACCs
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In the following, we present the BAU correction of the MACCs for the selected factors economic activity
and renewable and nuclear electricity generation. This is followed by a discussion of factors that have
an influence on emissions but have not been used for BAU correction.

1.3.2 Correction of BAU emissions
1.3.2.1 Economic activity

The economic crisis caused significant reductions in production in the EU. It can be assumed that this
also had an impact on CO; emissions and thus contributed to the observed decline in emissions during
the second trading period. The POLES curves used in the Tier 2 analysis in this report do not include
this effect since they have been constructed before the full extent of the economic crisis could not have
been envisaged.

Since the assumptions made on economic development when constructing the POLES curves are avail-
able (in form of GDP figures), it is possible to compare these assumptions to actual economic develop-
ment from official sources and - if necessary - adapt the curves to better match the actual economic
development. This can be done with general indicators applicable to all sectors (overall GDP, overall
energy demand). Assuming that the effect of changes in economic activity is different for different sec-
tors, e.g. with changes in the industrial sectors being more pronounced, it can also make sense to em-
ploy a sector-specific approach (e.g. using indicators on a sectoral level, for example from EUROSTAT).

Since the relevant factor for the BAU correction of the POLES data is the economic development, i.e.
the change over time, rather than absolute GDP values, growth rates implied by the POLES BAU are
compared to those obtained from EUROSTAT. In POLES, GDP is provided in 1995$. The figures are

used to calculate growth rates compared to 2006 GDP levels. Similarly, EUROSTAT data on GDP vol-
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ume changes are used and growth rates compared to 2006 levels calculated accordingly. This ap-
proach of using growth rates rather than absolute values allows comparing the POLES GDP projection
to the observed historical development according to EUROSTAT directly and circumvents the problem
of having to deal with differences in currencies and prices (€2005 vs. $1995).

Figure 1-4: GDP development POLES BAU vs. EUROSTAT data, starting in 2006
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A comparison of GDP developments based on those figures for three big economies (France, Italy,
Germany) and the EU27 is provided in Figure 1-4. It shows that, while trends in the POLES data and
the EUROSTAT growth rates are similar from 2006 to 2007, after 2007 the development of GDP di-
verges significantly for all three countries as well as the EU27 as a whole. This strongly underlines the
necessity to correct for differences between economic activity in the POLES BAU and historical data

The correction factors are calculated by dividing the GDP based on EUROSTAT (which has been con-
structed based on GDP growth rates from EUROSTAT applied to the POLES GDP value for 2006) by
POLES GDP for each year between 2006 and 2012. Correction factors range from 0.7 to 1.16 on a coun-
try and yearly basis, average values over the trading period range from 0.84 to 1.06. The correction
factors for each country and individual year in 2008-2012 are displayed in 1-4.

43




Effektivitdt des Emissionshandel — erweiterte Analysen — Schlussbericht

Table 1-4: Ratio of BAU GDP based on EUROSTAT to POLES BAU (GDP correction factors)
Country 2008 2009 2010 2011 2012 average GDP ra-
tio 2008-2012:
EUROSTAT
based/ POLES
BAU
Great Britain 97% 90% 89% 88% 87% 90%
France 97% 91% 91% 90% 88% 91%
Italy 95% 87% 86% 84% 81% 87%
Germany 99% 91% 93% 93% 92% 94%
Spain 100% 93% 91% 89% 85% 92%
Greece 98% 92% 85% 77% 70% 84%
Portugal 97% 92% 91% 87% 82% 90%
Austria 101% 95% 95% 95% 95% 96%
Belgium/Luxembourg* 99% 93% 93% 92% 90% 93%
Denmark 96% 88% 87% 87% 85% 89%
Finland 101% 90% 91% 92% 89% 93%
Ireland 95% 85% 81% 80% 79% 84%
Netherlands 100% 94% 93% 91% 88% 93%
Sweden 96% 89% 92% 93% 91% 92%
Hungary 95% 86% 84% 83% 80% 86%
Poland 102% 100% 101% 102% 101% 101%
Czech Republic 99% 91% 90% 89% 86% 91%
Slovak Republic 104% 96% 96% 96% 95% 97%
Baltic States 95% 78% 76% 78% 79% 81%
Slovenia/Malta/ Cyprus* 102% 92% 90% 88% 84% 91%
Bulgaria 103% 94% 91% 90% 88% 94%
Romania 104% 94% 89% 88% 86% 92%
Norway, Switzerland, Ice- | 98% 95% 94% 93% 93% 95%
land*
EU-27 98% 91% 90% 89% 87% 91%

Source: own calculations based on POLES and EUROSTAT “GDP and main components — volumes, current prices, price
indices” [nama_gdp_k, nama_gdp_c, nama_gdp_p] Extracted: 3.9.2014, Last Update: 27.8.2014
*based on sum of individual GDP

Instead of GDP, other indicators could be used to correct for differences in economic development be-
tween the projected POLES BAU and historical development. One possible indicator is energy demand.
The rationale behind using this indicator is that energy demand typically correlates with economic
activity. However, no valid data for the BAU for energy demand are available for the POLES curves. The
data that are available within POLES apply to a reduction scenario, which assumes an increasing CO>
price from 2.50 €/t CO2in 2006 to 17.60 €/t CO2 in 2012. As it is very likely that the CO; price results
in an improvement in energy efficiency compared to the BAU and, hence, has an impact on energy de-
mand, it is questionable whether the data contained in the reduction scenario are suitable.
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In contrast to GDP which covers the economy as a whole, some indicators such as value added, produc-
tion data or energy demand are available at sector level. Hence, these indicators would allow a differ-
entiated correction of the BAU for the economic development in the sectors covered by the EU ETS.
The drawback is however, that no information on these indicators is contained in the dataset underly-
ing the POLES BAU curves and it is impossible to construct an indicator analogous to the one for GDP.
Moreover, some issues with regards to data availability per year and country exist. This has been ana-
lysed previously and revealed that e.g. production value or value added are fraught with problems of
lacking data. Furthermore, the different indicators that have been investigated for a more disaggregat-
ed analysis partly diverge strongly. For example for Spain and Germany, in the sector non-metallic
minerals / cement, even though the overall direction of the effect is the same, at any point in time the
indicators diverge by up to nearly 20 percentage points.

Conclusions and recommendations:

To sum up, this section has indicated the need to correct for economic activity in the POLES BAU, as it
assumes a level that is higher than the one actually observed. GDP seems to be a good indicator candi-
date for such a correction, since it can be directly compared to values contained in the dataset underly-
ing the POLES curves. In addition, the elasticity of emissions to changes in GDP has to be determined,
potentially taking into account a differentiated response to upward and downward changes in GDP.

Based on the literature discussed in section 1.2 we assume an elasticity of 1 for emissions to GDP since
the period 2008-2012 includes the economic crisis. This assumption implies that if real GDP develop-
ment was lower by 1 % than assumed in the POLES projections, emissions should also be reduced by

1 %. Applying this correction to both the electricity sector and industry sectors an overall downward
correction results for the average year of 2008-2012 of -179 Mt (-50 Mt in the electricity sector and -
129 Mt in the industry sectors). For the single year 2008, the correction is -27 Mt (-20 Mt in the elec-
tricity sector and -7 Mt in the industry sectors).

1.3.2.2 Changes in the electricity generation mix
Renewable energy

The POLES basic information also includes projections of the share of renewables in power generation.
As was the case with energy intensity, the shares of renewables are, however, only available for the
mitigation scenario and not for the POLES BAU. With CO2 prices between 2.50 € and 17.60 € as ap-
plied in POLES between 2008 and 2012, it is highly unlikely that incentives for renewable energy gen-
eration were high enough to result in additional renewable electricity generation due to the carbon
price.10 Similarly it is highly unlikely that the CO2 prices in the EU ETS, which were significantly be-
low 17.60 €/t CO2 between 2008 and 2012, had an impact on deployment of renewables. In contrast,
it can be assumed that the development of renewables’ deployment can be attributed to country-
specific renewable policies such as feed-in tariffs (e.g. German EEG) or quota systems (e.g. UK).

Assuming that the ETS price had no impact on the deployment of renewables in electricity generation,
we can compare the renewables share in the POLES mitigation scenario with the actual development
for electricity generation. Figure 1-5 shows that the average POLES projection for 2008-2012 was not
too far off for most of the countries. For some countries, such as Great Britain, Austria, Finland, the
Netherlands and Sweden, the POLES projection for deployment was significantly higher, which means
that for these countries, BAU emissions will have to be adjusted upwards. In contrast, for Spain, Portu-

10 A rough assessment on marginal abatement costs of renewable energies in Germany: Today, wind onshore, as one of the
cheapest renewable generation technologies in Germany, is remunerated at a rate of 90€/MWh under the German feed-
in tariff. Assuming an average electricity price of 50€/MWh results in a cost difference of 40€/MWHh. Divided by the av-
erage COz-factor of electricity in Germany, which varied between 656 and 542kg/MWh in the years 2008-12 (Destatis),
this leads to marginal abatement costs of 61 to 74€/t COz.
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gal, Denmark, the Baltic States and others, the actually observed renewables share was higher than the
POLES projection and therefore emissions in the BAU have to be adjusted downwards.

Figure 1-5: RES share in total gross electricity generation in 2008-12 POLES vs. EUROSTAT
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Sources: POLES, own calculations based on EUROSTAT: The Share of renewable generation in gross electricity genera-
tion (excl. Autoproducers and pumped hydro) was calculated as the Sum of “Gross electricity generation” for the fol-
lowing main activities (electricity only - Solar Photovoltaic, solar thermal, Hydro, Geothermal, , Tide, Wave and Ocean,
Wind) divided by total gross electricity generation

In Figure 1-6, the development of RES-E shares is depicted for the EU27, France, Germany and Italy. It
can be seen that in the EU as a whole, the RES share in gross electricity generation starts at a signifi-
cantly lower level (13 % instead of projected 16 %). Over time, RES shares in EUROSTAT data increase
more strongly, resulting in RES shares in EUROSTAT being higher in 2012 and 2013 than in the POLES
projections. In France the development matches quite well the projection except for a dip in 2011,
which is driven by extraordinarily low generation from hydro. In Germany, the RES-E share is below
the projection by 2 percentage points until 2010 and exceeds the projection to roughly the same ex-
tent afterwards, whilst in Italy, projections are initially higher, with actual developments catching up
in 20009.
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Figure 1-6: Development of RES-E share in total gross electricity generation POLES vs. EUROSTAT
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The percentage point differences thus calculated are then multiplied with the total electricity genera-
tion [TWh] to estimate absolute deviations. We take the POLES values for electricity generation in
2006 and then use a corrected projection based on the yearly development in EUROSTAT. Using
weighted fossil generation mix COz-factors (EEA, 2015) we then calculate absolute changes in emis-
sions from differences in RES electricity generation. For all countries together, those changes amount
to an average annual increase of 26 Mt for the EU-27 (the value would be 18 Mt when also including
Norway, Switzerland and Iceland)!! (Table 1-5). This is mainly due to developments in 2008-2011,
whilst 2012 is the first year to show higher renewable penetration than projected. For 2008, the up-
ward change is 55 Mt for the EU-27 (respectively 49 Mt including Norway, Switzerland and Iceland).
The correction runs counter to the correction for economic development.

11 The correction is not further used for Norway, Switzerland, Iceland since there are no emissions in the respective POLES
combustion sector.
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Table 1-5:

based on EEA CO2-factor of fossil power mix

Absolute changes in CO2 emissions [Mt] from differences in RES electricity generation,

2008

2009

2010

Average
2008-2012

Great Britain
France

Italy

Germany

Spain

Greece
Portugal
Austria
Belgium/Luxembourg**
Denmark
Finland

Ireland
Netherlands
Sweden
Hungary
Poland

Czech Republic
Slovak Republic

Baltic States**

Slovenia/Malta/ Cyprus**

Bulgaria
Romania
EU-27%*

for information only:

Norway/Switzerland/Iceland**

EU-27, Norway, Switzerland,

Iceland

7.92
1.95
5.08
9.75
5.92
0.15
0.87
5.54
1.46
0.46
2.89
-0.24
4.45
2.06
1.25
2.87
1.77
0.29
-1.82
0.37
0.71
0.97
54.66

-5.96
48.7

9.03
1.04
-0.47
9.29
-3.06
-1.62
-1.07
4.67
1.72
0.93
5.53
-0.70
4.54
0.86
131
3.14
1.29
-0.59
-2.15
-0.51
-0.49
0.49
33.19

-4.34
28.85

11.10
-1.00
0.37
8.72
-13.95
-3.94
-6.01
6.17
1.67
0.38
6.04
-0.32
4.65
7.72
1.22
3.10
0.87
-0.76
-3.42
-0.45
-2.54
-3.39
16.25

-6.13
10.12

9.23
10.08
0.62
-3.79
-10.97
-1.27
-3.29
7.52
1.69
-1.82
5.42
-1.18
3.81
10.22
1.17
3.10
0.08
0.16
-3.30
0.28
-0.07
0.73
28.41

-8.74
19.67

9.84
-0.56
-2.42
-9.85
-11.77
-2.45
-2.01
4.67
2.31
-3.10
1.90
-1.10
4.42
7.26
1.16
3.28
0.25
0.06
-4.54
-0.11
-1.73
1.36
-3.14

-12.88
-16.02

9.42
2.30
0.64
2.82
-6.76
-1.82
-2.30
5.71
1.77
-0.63
4.36
-0.71
4.38
5.62
1.22
3.10
0.85
-0.17
-3.05
-0.08
-0.82
0.03
25.87

-7.61
18.26

Source: own calculations based on POLES and EUROSTAT “Share of renewable generation in gross electricity genera-
tion (excl. Autoproducers and pumped hydro)“ Extracted: 3.9.2014, Last Update: 27.8.2014; (weighted) emissions
factors for fossil fuel mix from EEA (2015): Progress in renewable energy in Europe. Copenhagen;
http://www.eea.europa.eu/publications/renewable-energy-in-europe-approximated/download.
*Sum of country corrections for EU-27, i.e., excluding Norway, Switzerland, Iceland since there are no emissions in the

respective POLES electricity sector.

**Weighted average based on renewable production

Nuclear energy
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Since nuclear energy is another source of low carbon electricity generation, we also compare the ob-
served share of nuclear power generation to the assumptions in POLES. Again, the data are taken from
the POLES mitigation scenario. This can be reasonably done since nuclear power has relatively low
marginal costs (even without taking into account CO2 prices), hence, the EU ETS likely did not influ-
ence the dispatch. The deviations from the POLES projections to observed nuclear shares are in most
cases relatively small. Yet, in some countries the differences are larger. In the Baltic States nuclear
power generation went to zero in 2010 because Lithuania shut down the only existing nuclear reactor
in the region due to safety concerns. In France, on the other hand, actual generation from nuclear was
higher than projected in POLES by on average 6 percentage points in 2008-2012. Table 1-6 shows ab-
solute changes in CO2 emissions due to the correction for nuclear generation, which is calculated anal-
ogously to the correction for renewables. For all countries together, those changes amount to an aver-
age annual upward change of 2 Mt for the EU-27 (5 Mt when including Norway, Switzerland and Ice-
land).12 For 2008, the change is plus 6 Mt for the EU-27 (respectively 8 Mt including Norway, Switzer-

land and Iceland).

Table 1-6:

Absolute changes in CO2 emissions [Mt] from differences in nuclear electricity genera-
tion, based on EEA CO2-factor of fossil power mix

Country

Great Britain

France

Italy

Germany

Spain

Greece

Portugal

Austria
Belgium/Luxembourg**
Denmark

Finland

Ireland

Netherlands

Sweden

Hungary

Poland

Czech Republic

Slovak Republic

Baltic States**
Slovenia/Malta/ Cyprus**

Bulgaria

2008

10.16
-11.40
0.00
-1.92
1.78
0.01
0.02
0.00
-0.67
0.02
6.27
0.01
4.61
-2.71
0.55
0.24
2.54
-2.63
2.78
-0.17
0.87

2009

-3.19
-19.39
0.00
-6.45
1.71
0.01
0.02
0.00
-0.78
0.03
5.88
0.01
5.68
0.70
-1.06
0.41
3.94
-0.72
1.55
0.56
0.45

2010

1.00
-19.78
0.00
-10.47
-3.06
0.01
0.02
0.00
-0.80
0.02
8.27
0.01
6.36
-1.58
-0.16
0.68
7.48
0.01
12.77
0.90
2.49

2011

-1.84
-41.75
0.00
5.46
5.81
0.01
0.02
0.00
-2.91
0.02
6.30
0.01
5.98
-7.47
0.14
1.05
10.17
-0.12
14.56
0.54
3.13

2012

-0.20
-32.60
0.00
8.95
11.78
0.60
0.46
0.00
-1.82
0.02
5.81
0.01
7.95
-7.98
0.46
2.21
11.55
-0.02
16.03
1.83
4.10

Average 2008-
2012

1.19
-24.98
0.00
-0.89
3.60
0.13
0.11
0.00
-1.39
0.02
6.51
0.01
6.12
-3.81
-0.01
0.92
7.14
-0.70
9.54
0.73
2.21

12 The correction is not further used for Norway, Switzerland, Iceland since there are no emissions in the respective POLES

combustion sector.
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Country 2008 2009 2010 2011 2012 Average 2008-
2012

Romania -4.13 -6.13 -4.71 -4.06 -3.14 -4.44

EU-27* 6.21 -16.75 -0.55 -4.93 26.02 2.00

for information only:

Norway/Switzerland/Iceland** | 1.66 1.89 2.80 3.77 7.35 3.49

EU-27, Norway, Switzerland, 7.87 -14.86 2.25 -1.66 33.37 5.4

Iceland

Source: own calculations based on POLES and EUROSTAT “nuclear generation in gross electricity generation “ Extract-
ed: 3.9.2014, Last Update: 27.8.2014; (weighted) emissions factors for fossil fuel mix from EEA (2015): Progress in
renewable energy in Europe. Copenhagen.

*Sum of country corrections excluding Norway, Switzerland, Iceland since there are no emissions in the respective
POLES electricity sector.

**Weighted average based on nuclear production

Conclusions and recommendations:

Although data for RES-E and nuclear deployment in POLES are available for the mitigation scenario
only, it can be assumed that the CO2 prices assumed within the scenario do not have a large impact on
RES-E or nuclear deployment within the model. Therefore, in general, a correction based on RES-E and
nuclear shares is possible with the data available. Effects on a country and yearly basis can be signifi-
cant and corrections only apply to the electricity sector, resulting in asymmetric changes in abatement
costs between countries and between the electricity and industry sector, which will in turn be reflect-
ed in the efficiency calculations.

The corrections for nuclear and renewable electricity are both applied to the electricity sector only.
The resulting correction increases the BAU emissions for the average year of 2008-2012 by 28 Mt. For
the single year 2008, the correction is plus 61 Mt mostly driven by the effect from lower than project-
ed renewable electricity generation.

1.4 Efficiency calculations based on corrected POLES BAU and MACCs

The following two sections contain analyses on the efficiency of the EU ETS as compared to an alterna-
tive policy instrument.13 This analysis employs the corrected POLES BAU and MACCs and furthermore
presents results for a number of different specifications regarding the estimation period and the
method with which reductions under the ETS are calculated. In a first step the analysis takes place at
an aggregated level where two abatement cost curves — one for the electricity sector and one for the
industry sector - are used. In a next step, the analysis is repeated, this time with individual abatement
cost curves for each sector (power sector plus four industrial sectors) in each country,!4i.e. in total
11415 different abatement cost curves.

We consider two different estimation periods:

13 See also the results of the previous project Evaluierung und Weiterentwicklung des EU-Emissionshandels(ETS-5) (Um-
weltbundesamt 2016).

14 As in the previous project ("ETS-5"), some countries are considered as groups as they are contained in the POLES Model:
Belgium and Luxemburg as Benelux (BLX), the Baltic States (BLT) Estonia, Lithuania and Latvia as well as Slovenia, Malta
and Cyprus as SMC.

15Since the Norwegian power generation originates nearly 100% from hydro generation, the Norwegian combustion installa-
tions are considered within the refineries sector and there is no MACC for the Norwegian power sector.
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» 2008-12: Average year of the second trading period
» 2008: Individual year

The reason for this differentiation lies in the fact that 2008 was arguably a special year of the second
trading period and in fact the only year where emissions were larger than available allowances, i.e.
installations were “short”. From 2009 onwards, due in part to the financial and economic crisis, a sur-
plus of allowances could be observed in the EU ETS, reducing prices and hampering the effectiveness
of the scheme.

Furthermore, two different methods for calculating the abatement induced by the ETS are applied:

» Price method: Applying observed CO-prices to (corrected) POLES curves to derive estimated
total abatement;16

» Quantity method: Estimating total abated amounts by subtracting observed verified emissions
from the POLES BAU. The total amount is then allocated to the sectors using the efficient split
(i.e. same marginal abatement cost for both sectors).

1.4.1 Aggregated calculations and results

Table 1-7 shows an overview of the inputs used in the aggregated analysis: POLES BAU emissions
(corrected for the factors described in Section 1.2); verified emissions, free allocation in the two sec-
tors taken from the EUTL and finally, EUAs auctioned or sold as published by the EEA. The data for
counterfactual emissions (both before and after correction) differ from the data in Table 1-2 and Table
1-13 for methodological reasons: emissions from the POLES models have been scaled to match EUTL
emissions in 2006. For the aggregated analysis, i.e. the data in Table 1-7, this has been done at the ag-
gregate level, while in the disaggregated analysis (Table 1-2 and Table 1-13) scaling has been realized
for all four industry subsectors individually.1?

Table 1-7: Inputs for calculation of the aggregated scenarios
poespay  Verified - BAU- Auctions 511 - free
(corrected) emissions  verified Free alloca- @ and sales allocation -
Sectors (Mt (EUTL) emissions  tion (EUTL) (EEA) auctions/sales
COseq.) (Mt (Mt (Mt CO2eq.) (Mt (Mt COzeq.)
269 COzeq.) C0zeq.) C0zeq.) 269
Electricity | 2008- 1551 1396 155 1285 88 178
12
2008 1662 1495 167 1254 44 365%*
Industry 2008- 564 546 18 714 -151*
12
2008 609 625 -16 705 -96
Total 2008- 2115 1942 173 2000* 88 27
12
2008 2272* 2120 151 1959 44 269

16 As in previous analysis (Umweltbundesamt 2016), the last step before the observed price is used, i.e. 14.46 €/t COzeq was
the observed average price in 2008-12 and we use 14.13 €/t COzeq. The corresponding prices for 2008 are 22.2 €/t
CO2zeq (observed price) and 22.18 €/t COzeq (used for the calculations).

17 With respect to verified emissions, the averages in the disaggregated calculation take into account that for some sectors in
some countries data is not reported for all years of the 2nd TP while the aggregated calculation relies on top-down aver-
ages, however, this only leads to very minor differences.
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Sources: Own calculation based on POLES; EEA EU ETS Dataviewer and sources described above
* Deviation of the total from the sum of electricity and industry because of rounding

As Table 1-7 shows, corrected POLES BAU emissions are higher for 2008 than for an average year of
the second trading period, reflecting the fact that 2008 was the last year before the financial and eco-
nomic crisis hit. A corresponding pattern can be observed for verified emissions where average emis-
sions for 2008-12 are about 200 Mt below 2008 levels. The difference between corrected BAU emis-
sions and allocation plus auctioned amounts gives an indication for the need to reduce emissions. It
can be observed that both for the average year of the 2nd trading period and the single year 2008, total
allocated allowances (free and auctioned) were below BAU emissions, i.e. in both cases emission re-
ductions were necessary; but for the year 2008 alone the data indicate that scarcity of certificates has
been much bigger than for the average year of the 2nd trading period.

Table 1-7 also lists the free allocation amounts and the auctioned amounts, according to EEA data. Alt-
hough formally the auctioned amounts in the EU ETS do not “belong” to either the electricity or the
industry sector, we nevertheless use the convention to assign them to the electricity sector. This is
based on the following consideration: In the 2nd TP, both countries that account for the bulk of EU-
wide auction amounts (Germany and UK) substantially reduced free allocation to electricity installa-
tions. Accordingly, it is likely that a large share of the auctioned amounts is indeed purchased by pow-
er plant operators, to cover their full operations. A main reason for these cuts in free allocation to the
electricity sector were so called “windfall profits” from factoring in the opportunity costs of the allow-
ances into power prices. Under an Alternative Policy Scenario based on installation-specific, non-
tradable emission standards, such inclusion in the price would not take place (because emission cuts
below the installation-specific standard would be worthless); there would thus be no windfall profits
either. Hence, it can be expected that politically, higher emissions would be allowed for the electricity
sector in the Alternative Policy Scenario than under the ETS, while for industry, allowed emissions
would have to be lower than under the ETS, in order to match the overall cap. As an approximation to
this logic, our convention is to assign the auctioned amounts to the electricity sector for determining
each sector’s allowed emissions in the Alternative Policy Scenario (in addition to their respective free
allocation shares, see below in 4.1.1 for the detailed approach).

Comparing realised abatement (i.e. corrected BAU minus verified emissions) to theoretically required
abatement (i.e. corrected BAU subtracted by free allocation and by auctioned EUAs, (see Table 1-7)
shows that in the aggregated calculations for an average year of the 2nd trading period, in both cases
(quantity method and price method) more aggregate abatement took place (-148 Mt or -173 Mt) than
would have been required considering the EUAs available during the 2nd trading period (-27 Mt). In
contrast, in 2008 less abatement took place than was required. In comparison to the average year of
the 2nd trading period, this might be explained by the counterfactual (corrected BAU emissions) that is
higher in 2008 than for the average year of the 2nd trading period, and lower free allocation and auc-
tioned amounts than in an average year of the 2nd trading period. However, verified emissions in 2008
exceeded those of the average year of the 2nd trading period more strongly than did the emissions in
the BAU (corrected). The fact that realised abatement is lower than required abatement implies that
not all required abatement took place in 2008, but that some allowances were borrowed from the next
year. Additionally, CERs and ERUs in the order of 84m were used (EEA 2014).

14.1.1 Aggregated calculation for an average year of the 2™ trading period (2008-12)

Abatement in the ETS scenario (“Abatement ETS”) under the price method is found by applying the
observed CO»-prices to the (corrected) POLES curves. Aggregate abatement in the scenario for the
average year of the 2nd trading period using the price method is calculated at 148 Mt COzeq. Abate-
ment under the quantity method is found by subtracting verified emissions from the POLES BAU. This
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yields an aggregate abatement of 173 Mt CO.eq. Thus, as shown in Table 1-8, the two methods lead to
quite different abatement amounts. Most of the reduction is, under both methods, found in the electric-
ity sector. The underlying reason for the difference is that under the quantity method, the total abate-
ment is determined as the difference between the (corrected) BAU emissions and the verified emis-
sions. This total reduction is then applied to the abatement cost curves to find the price at which the
industrial sector and the electricity sector together realize this emission reduction (this is the efficient
spliti.e. same marginal abatement cost for both sectors). For the emission reduction of 173 Mt CO; eq.
the corresponding price is 17 €/t CO.eq. Sectoral abatement in the ETS scenario is then determined by
applying the price of 17 €/ t CO; eq to the sectors’ marginal abatement cost curves (in case of the ag-
gregated calculations, the price is applied to two curves: the POLES MACC for the electricity sector and
the aggregate of the POLES MACCs for the industrial sectors). To the contrary, the price method ap-
plies the observed price to the MACC to find the corresponding emission reduction. The observed price
for the average of the 2nd trading period was 14 €/t COz eq.

Table 1-8:

Abatement: ETS vs. alternative policy (2008-12)

Abatement ETS

Remaining emis-
sions alternative

Proportional
abatement un-
der alternative

Abatement al-
ternative policy

Sector Method (Mt COseq.) ol :Ic;:z\a/tlia::ed on
(Mt COzeq.) shares (Mt COzeq.)
(Mt COzeq.)
Electricity Price 125 1294 257 148
Quantity 146 1277 274 173
Industry Price 23 673 -109 0.0
Quantity 27 664 -101 0.0
Total Price 148 1967 148 148
Quantity 173 1942 173 173

Sources: Own calculation based on POLES; EEA EU ETS Dataviewer and sources described above
* Deviation of the total from the sum of electricity and industry because of rounding

Emission reductions required under the Alternative Policy Scenario are derived using a proportionality
assumption. Under this method the total emissions that remain after abatement has taken place (i.e.
subtracting abatement as induced by the ETS from POLES BAU, yielding 1967 Mt or 1942 Mt,
respectively!8) are divided to the two sectors by applying their respective share of free allocation and
auctioned amounts (assigning all auctioned amounts to the Electricty Sector; for the aggregated
calculation the shares are: Electricity 66 %; Industry 34 %). This yields the values in the column
“Remaining emissions alternative policy”. The next column “proportional abatement under alternative
policy based on allocation shares” displays the difference between (corrected) BAU emissions

(2115 Mt) and the values in the column “Remaining emissions alternative policy”. It contains negative
values, i.e. the industry sector in aggregate would be allowed to increase emissions. Since this is not
regarded as a plausible assumption for an alternative policy, we assume instead that industry receives
a reduction requirement of zero. The abatement requirement for the electricity sector is scaled down

18 The calculations are as follows:

Price Method: BAU emissions - Abatement ETS = 2115 Mt - 148 Mt = 1967 Mt;
Quantity Method: BAU emissions - Abatement ETS = 2115 Mt - 173 Mt = 1942 Mt.
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accordingly to keep the amount of total abatement constant. These abatement requirements are listed
in the column “Abatement alternative policy”.

Total abatement costs under the ETS range from 1000 m€ (price method) to 1406 m€ (quantity meth-
od). Due to unequal marginal costs between the two sectors, the Alternative Policy Scenario leads to
more costly abatement ranging from 1216 m€ to 1728 m€. The corresponding efficiency gain is equal
to 18-19 % (Table 1-18).

Table 1-9: Cost of abatement (2008-12)

Marginal cost = Marginal cost Total abate- Cost alternati-

Sector Method ETS (€/t alt. policy ment cost ETS .
C0Oseq.) (€/t COseq.) (m€) Eeleeliojins)
Electricity Price 14 17 840 1216
Quantity 17 22 1175 1728
Industry Price 14 160 0.0
Quantity 17 00 231 0.0
Total Price 14 1000 1216
Quantity 17 ) 1406 1728

Sources: Own calculation

1.4.1.2 Aggregated calculation for 2008

Instead of using an average year of the 2nd trading period, this section explores results when only a
single year (2008) is used. The estimated abatement using the quantity method is equal to 151 Mt
COzeq. The highest abatement available in our POLES cost curves for 2008 is equal to 144 Mt COzeq. at
a price of 25.20 €/t CO; eq., the abatement cost curve is extrapolated at a constant price to arrive at an
overall abatement of 151 Mt COzeq. In 2008, abatement is thus larger when using the quantity rather
than the price method which uses the observed average 2008 price of 22.2 €/t COz eq, and estimates
abatement at 132 Mt (Table 1-10). Calculated total abatement for 2008 is slightly lower than for the
average 2008-12, under both the quantity method (151 Mt compared to 173 Mt) and price method
(132 Mt compared to 148 Mt). This is remarkable for the price method since the price in 2008 was
22.18 €/t COz eq., compared to 14.13 CO; eq. for 2008-12. The main reason for lower abatement in
2008 than for the average of 2008-12 in spite of the higher CO; price, are changes in the annual POLES
abatement cost curves over time. POLES MACC for 2008 are much steeper compared to 2008-12. This
is because for later years, the abatement potential (at each given CO; price) is estimated to be higher,
which is plausible because of technical progress: in the longer term more options to reduce emissions
can be realized than in the short term.1?

The Alternative Policy Scenario again requires increased abatement from the electricity sector. Under
both methods, the industry sectors are again not required to carry out any abatement.

19 The effect is intensified by increasing COz-prices over time as assumed within the POLES model.
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Table 1-10:

Abatement: ETS vs. alternative policy (2008)

Proportional
abatement un-

Re'm'alnmg der alternative Abatement al-
Abatement ETS emissions al- . . .
Method . . policy based on | ternative policy
(Mt COzeq.) ternative policy .
allo-cation (Mt COzeq.)
(Mt CO2eq.)
shares
(Mt CO2eq.)
Electricity Price 115 1386 276 132
Quantity 132 1374 289 151
Industry Price 17 753 -144 0
Quantity 19 746 -137 0
Total Price 132 2139 132 132
Quantity 151 2120 151* 151

Sources: Own calculation
* Deviation of the total from the sum of electricity and industry because of rounding

Total abatement cost under the ETS range from 1317 m<€ (price) to 1795 m€ (quantity). Since abate-
ment is higher using the quantity method, so too are the abatement costs (Table 1-11). Similarly to the
calculation for the ETS, the POLES curve for the electricity sector was extrapolated as a flat line at con-
stant marginal abatement cost of 25.2 €/tC0O.eq. under the alternative policy. Abatement costs under

the alternative policy thus calculated are equal to of 1547 m€ and 2040 m€ respectively. The corre-
sponding efficiency gain is equal to 12-15 %

Table 1-11: Cost of abatement (2008)

Marginal cost = Marginal cost Total abate- Cost alternati-

Sector Method ETS (€/t alt. policy ment cost ETS .
C0Oseq.) (€/t COseq.) (m€) Eeleeliojins)
Electricity Price 22 25 1139 1547
Quantity 25 25 1550 2040
Industry Price 22 0.0 178 0.0
Quantity 25 0.0 245 0.0
Total Price 22 - 1317 1547
Quantity 25 - 1795 2040

Sources: Own calculation

14.2

Disaggregated results

The disaggregated scenarios apply the cost efficiency analysis as described above using individual
abatement cost curves and reduction requirements per country and sector. This allows to reflect both
gains from trade between countries and sectors. The disaggregation level is five sectors per country as
available from the POLES model. For the calculations, POLES data are associated with the EUTL data
based on a matching of activity codes and POLES sectors as shown in the following table:
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Table 1-12: Matching of POLES sectors and EUTL activity codes

POLES Sector EUTL Activity Codes

Electricity 1. Combustion installations

Transfo 2. Mineral oil refineries

Steel 3. Coke ovens,
4, Metal ore roasting or sintering installations
5. Production of pig iron or steel

[e)]

Non-metallic minerals . Production of cement clinker or lime,

8. Manufacture of ceramic products by firing
Other Industry 7. Manufacture of glass including glass fibre,
9. Production of pulp, paper and board

99. Other stationary activity opted-in

Table 1-13 shows the input data for the disaggregated analysis: POLES BAU emissions (corrected for
the factors described in Section 3.3); verified emissions, free allocation taken from the EUTL and final-
ly, EUAs auctioned or sold as published by the EEA. For better readability data are summarized for the
industrial sector, whilst the calculations are realized at the disaggregated level i.e. with all data speci-
fied for each country-sector combination. Auctioned quantities are applied to the electricity sector as
done in the aggregated scenarios, too. In Norway the combustion installations are counted towards
transformation and therefore the industrial sector because they comprise a large share of refineries
while the electricity sector is dominated by hydropower. Hence, also the quantity auctioned/ sold for
Norway has been applied to the transformation sector.

Table 1-13: Inputs for calculation of the disaggregated scenario20
POLES Verified  BAU- Auctions | *\Datement
. .. e required (BAU
Disaggr. BAU (cor- emissions verified Free alloca- and sales - free alloca-
calculation rected) (EUTL) emissions tion (EUTL) (EEA) tion - auc-
Sectors (Mt (Mt (Mt (Mt COzeq.) (Mt .
COxeq.)  COeq)  COzeq.) COeq) lions/sales)
269 269 269 269 (Mt COzeq.)
Electricity igos' 1551 1396 156 1285 88 178
2008 1662 1495 168 1254 44 364
Industry igos- 586 547 39 715 - -129
2008 635 625 10 705 - -70
Total igos— 2137 1942 195 2000 88 49
2008 2298 2120 178 1959 44 295%*

Sources: Own calculation based on POLES; EEA EU ETS Dataviewer and sources described above
* Deviation of the total from the sum of electricity and industry because of rounding

20 The data are different from the data in Table 9 for methodological reasons: emissions from the POLES models have been
scaled to match EUTL emissions in 2006. For the aggregated analysis, i.e. the data in Table 9, this has been done at the
aggregate level, while in the disaggregated analysis (Table 2 and Table 13) scaling has been realized for all four industry
subsectors individually. Also averages have been calculated slightly differently,see also footnote 6.
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At the disaggregated level, the share of free allocation of each sector in each country and auctioned
amounts (for the electricity sector only) is used in order to derive the required abatement under the
alternative policy (proportionality assumption).2! This calculation leads to several sectors (at country-
level) having negative required reductions. That is, in fact they would have been allowed to increase
their emissions over the estimated counterfactual development (corrected BAU). As in the aggregated
analysis, the reduction requirement has then been set to zero for these sector-country combinations.
The required reductions have been distributed to the remaining sector-country combinations based
on their share in the total free allocation and auctioned amounts.22 The required abatements for each
sector-country combination need to be scaled to reach the same reduction as in the ETS scenario
(here: 195 Mt CO; eq). Most abatement is required in the electricity sector under the Alternative Policy
Scenario. However, compared to the aggregated calculation still a significant share of the required re-
duction (over 10 %) is required in the industrial sectors, mainly in the transformation sectors and
“other industry”. Only for Romania and the Slovak republic the electricity sector is not required to re-
duce emissions in the Alternative Policy Scenario.

14.2.1 Disaggregated calculation for 2008-2012

The calculations at the disaggregated level yield an abatement under the ETS of 195 Mt CO.eq. (quanti-
ty method) (Table 1-14). Contrary to the aggregated calculations, required abatement (ETS) (given by
POLES BAU - free allocation - EUAs auctioned or sold) was slightly higher than realised abatement
(ETS) (49 Mt CO2 eq.). At the disaggregated level the situation is very diverse with significant negative
“reduction” requirements in some sectors in some countries (for example up to -31 Mt CO; eq. for the
German Steel sector) and real reduction requirements in others (up to 84 Mt COz eq. in the German
electricity sector). Positive required reductions sum up to 234 Mt CO; eq., but are to large extent com-
pensated by negative required reductions of 185 Mt CO; eq.

Table 1-14: Abatement: ETS vs. alternative policy (2008-12) (disaggregated calculation)

Proportional
abatement un-

Remaining emis- . Abatement
. . der alternative .
Abatement ETS sions alternative . alternative pol-
Sector Method . policy based on .
(Mt COzeq.) policy allocation icy
Mt . Mt .
(Mt COzeq.) shares (Mt CO2eq.)
(Mt CO2eq.)
Electricity Price 125 1425 150 126
Quantity 159 1384 281 167
Industry Price 24 564 -102 22
Quantity 36 558 -86 28
Total Price 148* 1989 148 148
Quantity 195 1942 195 195

Sources: Own calculation
* Deviation of the total from the sum of electricity and industry because of rounding

21 Detailed data is available upon request from the authors.
22 Note that these shares are recalculated based on those sectors that are required to reduce their emissions.
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Table 1-15: Cost of abatement ETS vs. alternative policy (2008-12) (disaggregated calculation)
Average Total
Average cost Alter- Total abatement
Sector cost ETS native Poli- abatement  cost alter- Efficiency Efficiency
Scenario  cies Scenar- cost ETS native Poli- gain m€) gain
€/t COzeq) io (me€) cies scenar-
€/t CO; eq) io (m€)
Electricity (Price) 7 12 840 1475
Electricity (Quan- 9 16 1390 2662
tity)
Industry (Price) 7 25 175 547
Industry (Quantity) 10 26 378 712
Total (Price) 7 14 1015 2021 1006 50%
Total (Quantity) 9 17 1768 3374 1606 48%

Sources: Own calculation

Total abatement costs for an average year of the second trading period 2008-12 under the ETS scenar-
io (disaggregated calculation) are 1606 m€ (quantity method) respectively 1006 m€ (price method).
Within the Alternative Policy Scenario the different marginal abatement cost of each sector-country
combination have to be considered. Overall the Alternative Policy Scenario leads to more costly
abatement of 3374 m€ (quantity method) and 2021 m€ (price method). The corresponding efficiency
gain is 48 % (quantity method) respectively 50 % (price method). This seems very substantial and is
driven by some specific aspects in the definition of the Alternative Policy Scenario. Many country-
sector combinations (“pairs”), in particular in the industrial sector, are not required to abate at all.
This leads to an unequal distribution of abatement requirements. Small differences may lead to rela-
tively large effects in the efficiency estimate. Also, the effects of large countries dominate the analysis.
In the present analysis, it is in particular the German and Polish electricity sector and the Polish trans-
formation sector that are making up for 85 % of the cost difference in the ETS vs. the Alternative Policy
Scenario. The definition of the Alternative Policy Scenario (based on the share in total free allocation)
is sensitive to the rigidity applied in determining free allocation in the different countries. Countries
with relatively rigid allocation will also face more ambitious abatement requirements in our definition
of the Alternative Policy Scenario. This is fictitious. Hence the value should be interpreted very cau-
tiously.

On the other hand, also the decision to use the free allocation shares of all sectors in all Member States
(in relation to the total EU-wide free allocations for all sectors) as the basis for deriving the “allowed”
residual emissions in the Alternative Policy Scenario can be questioned: in reaction to the “windfall
profits” the free allocation for the electricity sector is relatively low compared to their actual emis-
sions.. Such a definition seems unlikely under a real alternative policy scenario relying on command-
and-control. Another simple Alternative Policy Scenario could therefore assume proportional emission
reductions (in relation to their emission share across all sectors. This would lead to relatively smaller
abatement required from the electricity generators under the Alternative Policy Scenario than under
the presently calculated Alternative Policy Scenario.

1.4.2.2 Disaggregated calculation for 2008

For 2008, total abatement costs under the ETS scenario (disaggregated calculation) are 2555 m€
(quantity method) respectively 1424 m€ (price method). Under the Alternative Policy Scenario
abatement cost increase to 3312 m€ (quantity method) and 2319 m€ (price method). The correspond-
ing efficiency gain is equal to 23 % (quantity method) respectively 39 % (price method). The reasons
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are similar to those mentioned in the discussion of the results for the average of 2008-2012: an une-
qual distribution of abatement requirements and the effects of large countries. In the 2008 disaggre-
gated analysis, it is in particular the German and British electricity sector and the Norwegian trans-
formation sector that are driving the cost difference in the Alternative Policy Scenario. Again as men-
tioned above due to the limitations of the definition of the Alternative Policy Scenario, these results
should be interpreted with caution.

Table 1-16: Abatement: ETS vs. alternative policy (2008) (disaggregated calculation)

Proportional
abatement un-

Ren'1afn|ng der alternative Abatement al-
Abatement ETS emissions al- . . .
Sector Method . . policy based on | ternative policy
(Mt COzeq.) ternative policy .
allocation (Mt CO2eq.)
(Mt CO2eq.)
shares
(Mt CO2eq.)
Electricity Price 115 1549 259 113
Quantity 147 1509 289 153
Industry Price 17 616 -127 20
Quantity 31 610 -111 25
Total Price 133* 2165 132 133
Quantity 178 2120* 178 178

Sources: Own calculation
* Deviation of the total from the sum of electricity and industry because of rounding

Table 1-17:

Cost of abatement ETS vs. alternative policy (2008) (disaggregated calculation)

Average Total
Average cost Alter- Total abatement
Sector cost ETS native Poli- abatement cost alter- Efficiency Efficiency
Scenario cies Scenar- cost ETS native Poli- gain (m€) gain
€/t COzeq.) io