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The Fraunhofer-Gesellschaft at a Glance

The Fraunhofer-Gesellschaft undertakes applied research of direct utility to private and public enterprise and of wide
benefit to society.
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Key Questions

* Through which mechanisms does the EU Emission Trading Scheme ETS promote
energy savings?

" How can we identify energy savings from the EU ETS through top-down indicators
as provided by ODYSSEE?

" |s there quantitative evidence that the EU ETS promotes energy efficiency?

Presentation and policy brief discusses, based on the Odyssee and
MURE databases (www.odyssee-mure.eu), through the use of
energy efficiency indicators how the EU ETS may have promoted
energy efficiency progress in the EU in the period 2005-2019/2020.
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https://www.odyssee-mure.eu/

C @ odyssee-mure.eu

A DECISION-SUPPORT TOOL FOR ENERGY EFFICIENCY POLICY EVALUATION
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Phases of the EU ETS
2005-2020

Phase | Phase Il
2005-7 2008-12
Historical Historical
emissions emissions
(grandfathering) (grandfathering)

10% auctioning

cut in emissions volume 6.5%
below 2005 level
Penalty 40 €/t CO2) Penalty 100 €/t CO2)

CDM/CERs

Phase llI

2013-20
Auctioning energy sector (60%)

Benchmarking industry sector:
54 product benchmarks
+fallback
(40%)

Single EU-wide cap, 1.74% cap
reduction every year (-21% by 2020
below 2005 level)

(Domestic) Aviation
New industries (Chemicals, Non-ferrous
New gases (N20, CH4)

Market Stability Reserve MSR

ETS Auction Revenue for innovative
low-carbon processes (NER 300)

Phase IV

2021-30
Ambition / Innovation / Integrity

Enhanced GhG targets (-55% by 2030): strong
link between general targets and EU ETS cap

From 2.2 to 4.2% annual cap reduction

Strengthened Benchmarks and faster
phase-out of free allocation

New sectors: maritime,
buildings/transport, enhancement aviation

Spur Innovation

Carbon border adjustment mechanism (CBAM)

Strengthened Market Stability Reserve ’
)
End of CDM/CERs s!



Evolution of the EU ETS allowance price

CO2 emission allowance @1 m
EUA Futures
10/10/2021 | b i k h h
< Analyst: EU carbon price on track to reach €90 by 2030
D€EC5; 04 . By Frédéric Simon | EURACTIV.com 3 19. Juli 2021 (updated: £ 22. Juli 2021) supporters
- Phase I ‘ Phase IlI Phase IV
DEC 22
€58 52 €40 low prices due to: rising prices due to:
; = Oversupply from Clean Development =  Market Stability Reserve MSR
DEC 23 €30 Mechanism CDM =  Perspective of Phase IV
=  Economic/financial crises 2008/2009
€59.15 = Oversupply of one annual emission budget
DEC 24 c20 A W

strongly rising prices due to:
=  Climate neutrality target
= 55% GHG target and corresponding reduction in

W ETS cap (from 2.2% to 4.2% annual decrease)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

€61.28

Source €10

€0

Source: Sandbag, https://sandbag.be/index.php/carbon-price-viewer/
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Energy Efficiency Impacts of the EU ETS in the Industrial Sector

1. Fuel efficiency improvements in industry branches concerned by the EU ETS;

2. Electricity efficiency improvements in ALL industrial branches, including non-
ETS industries, due to the integration of CO2 prices into electricity prices;

3. Enhanced fuel shift towards less CO2-intensive fuels in the industrial sector:
more natural gas and electricity; increased penetration of renewables in ETS-
Industries;

4. Reduction in production volumes (due to the shift of production volumes
outside Europe).
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Energy Efficiency Impacts of the EU ETS in the Energy Sector

5. Energy efficiency improvement in thermal electricity generation by fuel (natural
gas, coal, oil...);

6. Enhanced penetration of more efficient power plants: more efficient fossil
power plants (in particular gas plants), enhanced penetration of renewables
into electricity generation;

7. Reduction in the demand for electricity across ALL sectors due to the
integration of CO2 prices in into electricity prices;

8. Change in the dispatch of power plants. This implies that less carbon intensive
fuels such as natural gas or renewables are used more intensively in the daily
dispatch of power plants compared to oil and coal.
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Energy Efficiency Impacts of the EU ETS in the Aviation Sector

9. Energy efficiency improvement in fuel consumption for aviation

10. Modal shift from (domestic) air traffic towards less CO2-intensive transport
modes
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Methodology (1)

From the period 1995-2004, PRIOR to the EU ETS, which was introduced in 2005, we
deduce a reference development (counterfactual without EU ETS).

= The counterfactual was then projected to the period 2005-2019/2020, which covers

Phase |, Phase Il and nearly fully Phase Il of the EU ETS.

Basic idea: factors which have induced energy efficiency improvements in the period
1335-2004 may have continued in the period 2005-2019 while the ETS has come in
addition.

The spread in data during the reference period allows determining a standard deviation
which helps to establish whether any effect found for the EU ETS is significant

Correction for fluctuations in the business cycle

Further policies have to be taken into account such as dedicated policies for renewables
(e.g. feed-in/premium tariffs, obligation schemes, auctions).

Hence, results related here present hence an upper limit for the impacts of the EU ETS
on energy efficiency.
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Methodology (2)

" Four sectors in the ODYSSEE indicators which are mainly covered by the ETS and
which represent a large share of the EU ETS emissions:
= Primary metals (mainly iron/steel and non-metallic minerals)
= Non-metallic minerals (cement, glass, bricks, ceramics)
= Chemicals (e.g. steam crackers)
= Paper industry

= Difference between energy consumption of 4 branches in ODYSSEE and in the
European Union Transaction Log (EUTL) about 2%
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Effect 1 - fuel efficiency industry = No fuel savings

observable in industry
due to the ETS.

1) Fuel efficiency improvementsin industry branches concerned by EU ETS = The trend in savings as
<+ ETS industries (actua) | | - determined from the
250 == ETS industries (Counter factual, at constant ratio energy consumption/production index) - .
ETS industries (savings), corrected for capacity effects ba Sel | n e 1995'2004 h a S
avin calculated with trendline, correction for capacity use .
i:winz :ﬁj::: mlcula:ed with :endline, corre:on for ca:acitt: use bee n I nte rru pted by th e

economic and financial
crises in the years

2008/9 and following
years.

= After this period of
time, the fuel savings
continued with a
similar path as during
1995-2004 up to 2019.

'_\
o
o

Fuel consumption ETS industry (Mtoe)

Ln
o

{] 4

1995 " 2000 2005 2010 2015 2020
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Evolution of specific emissions cement clinker

0 = Difficult data context:

e.g. WBCSD GNR
change in specific
B emissions related to
biomass

et
o

ot
o0

-
~

—+—-Benchmark grey cement clinker

&
=)}
T

= Gradual adaption over

| time leads to apparent
—+—Selection for analysis (subinstallation grey cement clinker) decrease in emiSSionS

-a-Specific emissions cement clinker WBCSD GNR

&
B

per tonne of cement

o
w

= Not confirmed by
analysis based on

Specific emissions (t CO2 eq. f unit of product)
o
n

0.2
0.1
070 ) ; :
2004 2006 2008 2010 2012 2014 2016 2018
=
Source: Impacts of the Allocation Mechanism Under the Third Phase of the European Emission Trading Scheme % Frau n hOfer

https://www.mdpi.com/1996-1073/11/6/1443# ISI



Effect 2 - electricity efficiency All  Significant electricity
indUStriaI branches savings observable in

industry.
2) Electricity efficiency improvementsin ALL industrial branches due to the " HOWEVEF, there is most
integration of CO2 prices in into electricity prices Iiker d strong impact from
eco-design and labelling
00 i policies in industry which

have had strong impact on
cross-cutting technologies
70 such as electric motors.

—4— Electricity consumption manufacturing industry (actual)

= One step forward could by

=l— Electricity consumption manufacturing industry {counter factual, at constant

Electricity consumption ALL (manufacturing) industry

T 50 oo energy consumption/production index) taken in the analysis by
:_EJ_ Manufacturing industries (savings), corrected for capacity effects sepa rati ng Cross-cutti ng
w0l —- Savings 2000-2004 calculated with trendline, correction for capacity use technologies from process-
- Savings 2004-2019 calculated with trendline, correction for capacity use SpECiﬁC tech no | ogies.
However, no long-term
10 data series are available for
SV , , | | | this analysis.
1995 2000 2005 2010 2015 2020
-10 s
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Effect 3 - enhanced fuel shift industrial sector

Observable effects are at
the limit of sensitivity.

= Potential energy savings

3) Enhanced fuel shift towards less CO2-intensive fuels in the industrial
sector: more natural gas and electricity and increased penetration of

renewables in ETS-Industries

40%

35%

"w
30%

Share in the fuel mix (%)

_—0—0—0—8
25% M
20%

M

% Fm———

0%
1995

2000 2005 2010 2015

2020

== Coal consumption of ETS industry
=== il conzum ption of ETS industry m
== Gas consum ption of ETS industry
i He gt consumption of ETS industry
=== Biomass consumption of ETS industry

=== E lectricity consum ption of ETS industry

Source: own calculation based on Odyssee Database

Average emission coefficient (kt/PJ)
based on 1995-2004 (baseline)
based on 2004-2008/2009 (incl. ETS)

Change in average emission coefficient possibly due to ETS

(and possible other factors in particular fossil fuel prices)

from the use of more
efficient fuels are already
included in Effect 1.

= Therefore, this effect has
only (potential)
additional impacts in
terms of decarbonisation
of the fuel supply.

This is expressed as the
average emission
coefficient for the fuels
used in industry.

Standard

2019 deviation
kt/P) kt/PJ
79.45 0.86
78.26 0.96
'impact on fuel

1.19 shift significant




Effect 4 — carbon leakage/reduction in production volume

The possible impact of the ETS on production volumes of products in manufacturing industries
and the possible shift of production to outside Europe (carbon leakage) cannot be dealt with
the methodology of the ODYSSEE indicators. Requires analysis of trade patterns

Also, the effect arises from reduced activity levels, which in the industry sector may be less
desirable.

Past studies did not find significant carbon leakage during the first phase of the EU ETS, e.g. IEA
(2008); Healy et al. (2018).

The sectors examined showed no marked changes in trade flows and production patterns:
* Explanations advanced: carbon leakage may have been hidden to the free allocation of allowances.

* Largely free allocation to ETS industry has been valid up to 2020 (Phase 3), despite the introduction of
benchmarks and will continue to 2030, though linked to more stringent features.

* Low carbon price levels

In future: effect could be visible but more and more countries embark on ETS schemes
though ambition levels can be different.
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Effect 5 - thermal power plant efficiency

5) Energy efficiency improvementin thermal electricity generation by fuel
(natural gas, coal/lignite, biomass)
60%

50%

40%

30%

—— (il

=l=(533s

~+—Coal/Lignite

—=—Biomass

100 — ==Average thermal production

—a—Average thermal production (Trendline 1995-2004)
Average thermal production (Trendline 2013-2020)

20% ——

Efficiency in power generation (%)

q
0% I I I I Standard
1995 2000 2005 2010 2015 2 Average power plant efficiency 2020 deviation
based on 1995-2004 (baseline) 43.29% 1.01%
based on 2004-2020 (incl. ETS) 39.17%' 0.49%
impact on
Change in average thermal power plant efficiency possibly power plant
Source: own calculation based on ENERDATA Global Stat due to ETS (and possible other factors in particular fossil efficiency not
fuel prices) 4.11% significant

= While efficiency improvements

are observable, they are lower
during the ETS phases than the
baseline, implying that the ETS
was not a main driving factor.

The potential effect is
measured through the average
efficiency of thermal power
plants (notably oil, natural gas,
coal/lignite and biomass).

May be explained by fact that
efforts of supplier shift away
from improving technology to
be phased out as well as by
limitations in technology to
improve further.




Effect 6 - enhanced penetration of
efficient power plants

6) Enhanced penetration of more efficient power plants: more efficient fossil
power plants (in particular gas plants), enhanced penetration of renewables
into electricity generation

Effect by far the largest observable.

Expressed as average efficiency of
the power sector which raised by 10
points, leading to substantial primary
energy savings.

Dedicated RES policies (feed-in
tariffs, obligation schemes) played

40% major role inprimary energy savings.
- Previous EU ETS impact assessments
9 concluded on relatively large contri-
£ 30% bution to the shift observed towards
£ RES. Given the relatively low ETS
— i Hyd ro . . .
5 25% « prices in most of the period up to
g o i 2018, it is doubtful that the effect is
[+T:] g’
E 20% /W \ /N natural gas SO Iarge-
E B e |
o 15% . "‘:E”“* o Only starting 2018, the relatively
2 - on-renewa W Bs . . .
= renembies enept may | StEEP decline of lignite and coal on
L 10% | the power sector could be related to
& F('_‘\T_\ the strongly increasing ETS prices.
5% T
,\M Primary
0% I i T T T 1 2020 energy
1995 2000 2005 2010 2015 2020 Average electricity sector efficiency % PJ
based on 1995-2004 (baseline) 48.3% 21267
based on 2004-2020 (incl. ETS) 58.5% 17571

Source: own calculation based on ENERDATA Global Stat

Change in average electricity sector efficiency possibly due to
ETS (and possible other factors in particular fossil fuel prices) 0.10 3696




Effect 7 - electricity efficiency All sectors " There are some significate

savings observable for

(EXCI. |nd) other sectors than
industry though limited.

7) Reduction in the demand for electricity across ALL sectors minus - Industry al ready
manufacturing industry due to the integration of CO2 prices in into electricity considered in Effect 2
prices

160

= Nevertheless, the same
140 remark applies than for
industry: stronger eco-
design standards and
100 - labels, as well as top-

120

0 runner programmes for
- — Electricity consumption ALL sectors ual o . .

s 8 - Flectricty consumpt ctors factual electric appliances in

c ~ii— Electricity consumption ALL sectors (at constant ratio energy consumption/GDP)

8 60 AL sectors (savings] conrectdforcapaciy affecs households and the

3 sectors (savings), corrected for capacity effe .

£ 20 - == Savings 1995-2004 calculated with trendline, correction for capacity use SErvices SeCtor COUld

~~—Savings 2004-2019 calculated with trendline, correction for capacity use eXpIa i n those add itiona I
- savings as compared to

the regulation during the
0 ' ' | base period 1995-2004.

1995 2000 =2005 = 2010 — 2015 - 2020

Electricity consumption ALL sectors minus manufacturing

-20

| =
~ Fraunhofer

Source: own calculation based on Odyssee Database I1S1



Effect 8 — efficient hourly power plant dispatch

= One central impact of the ETS in the power sector is the change in plant dispatch caused by
higher generation cost for CO2-intensive generation technologies due to carbon pricing.

= This implies that less carbon intensive fuels such as natural gas or renewables are used
more intensively in the daily dispatch of power plants compared to oil and coal.

= RES policies have in so far an impact as they prescribe generally priority for renewable
energy sources in the dispatch.

* The ETS has therefore rather an impact on the dispatch of less carbon-intensive fossil
fuels than on the dispatch of renewables.

= Such effects are included in effect 6 representing the change in the power plant mix and
cannot be easily separated on an annual basis from investment effects such as enhanced
investments in renewables.

= Detailed hourly modelling of power sector dispatch required.
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Effect 9 - fuel efficiency (domestic) aviation

9) Energy efficiency improvementin fuel consumption for aviation

.

e

- -
T

6
5
== Aviation (actual)

Jet fuel consumption of air transport (Mtoe)

4 +— ——Aviation (at constant ratic energy consumption/passengers)
Aviation (savings)
3 +— —=Savings 1995-2012 calculated with trendline
~—Savings 2013-2019 calculated with trendline
p S — ——Linear (Aviation (savings))
1 _ . M
0 Ty 1 T T T 1
1995 2000 2005 2010 2015 2020
-1
Source: own calculation based on Odyssee Database

= No additional
savings/impacts are
observable from the
EU ETS on the fuel
efficiency in (domestic
aviation
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Effect 10 - share of (domestic) aviation in Mobility

3%

1%

domestic air traffic in percent of total pkm travelled

0%

10) Share of (domestic) aviation in mobility

—4=Share of (domestic) aviation in mobility (i.e. in total pkm travelled)

=8—Share 1995-2008 calculated with trendline

Share 1912-2019 calculated with trendline

1995

2000

2005 2010 2015

2020

Source: own calculation based on Odyssee Database

= No additional

savings/impacts are
observable from the EU
ETS on the (domestic)
aviation share in modes.

= There is also the impact

visible of the economic/
financial crises but
finally, aviation took up
the same speed in the
period 2013-2019 than
for the baseline period
(excluding the period of
economic down-turn)
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Summary of results for the possible impacts of the EU ETS on

the different effects in the period 2005-2019/2020

Effect Methodology Possible maximum | Significant? Overlapping other
impact EU ETS (up to factors/policies
2019/2020)

1. Fuel efficiency ETS industry Indicators: ODYSSEE no savings observable no Fuel prices

2. Electricity efficiency all manufac- Indicators: ODYSSEE 12.4 Mtiog final energy yes Fuel prices for electricity

turing industry

(around 46 Mt COz)

generation; electricity prices;
eco-design/labelling industry

3. Fuel shift ETS industry

Indicators: ODYSSEE

(Potential energy sav-
ings included in 1)
9 Mt CO:z

yes but at the
limit

Fuel prices

4. Carbon leakage/reduction in ETS
production volume

Trade pattern analysis

So far no leakage ef-
fects proven

5. Efficiency thermal power plants Indicators: no efficiency improve- | no Fuel prices for electricity
ENERDATA Global Stat ment related to ETS generation;
observable
6. Power plant mix Indicators: 88 Mioe primary energy | yes Fuel prices for electricity
ENERDATA Global Stat 136 Mt CO2 (2020) generation; renewables
promotion schemes!
7. Electricity efficiency all sectors Indicators: ODYSSEE 7 Mioeg, yes Fuel prices for electricity
(excludes 2) (27 Mt CO2) generation; electricity prices;
eco-design/labelling
8. Power plant dispatch Indicators: ODYSSEE (part | 3.5 - 6 Mt CO2 | yes Fuel prices for electricity
of 8) or explicit modelling of | (2005/2006) (Germany generation
electricity market on hourly | only)
basis
9. Fuel efficiency aviation Indicators: ODYSSEE no savings observable no Kerosene prices
10. Modal shift from aviation to more | Indicators: ODYSSEE no savings observable no Kerosene prices

efficient transport modes

Maximum energy
savings of around
107 Mtoe and CO,
savings of around
218 Mt CO, observed
for 2019/2020
Mostly stemming
from Effect 6, the
power plant mix.

At least partially or
even to a large
degree influenced by
other factors than the
EU ETS such as
renewables policies
or fuel prices
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Outlook on European Green Deal / Fit for 55

packages and EU ETS (Phase 4)

Enhanced GhG targets (-55% by 2030): strong link between general targets and EU ETS

A bundle of enhanced features:

a one-off reduction to the cap and increased linear reduction factor (from 2.2% to 4.2%);

inclusion of the maritime sector into the EU ETS’ scope from 2023 onwards;

a separate fuel ETS for buildings and transport (danger: ETS as an instrument for everything);

strengthened benchmarks and a faster phase down of free allocation which would be tied to low-carbon investment by the

receiving entity;

introduction of a carbon border adjustment mechanism (CBAM) that prices imported goods based on their embedded

emissions to become fully operational by 2026;

updated parameters of the Market Stability Reserve (MSR) including a new buffer threshold and an extension of the current

intake rate of 24% beyond 2023;

new regulations around revenue use to address distributional effects and spur innovation, including the creation of the

Social Climate Fund.

use of offsets is not envisaged

—

Quite a number of features to keep the
allowance price at sufficiently high levels.
More impacts of ETS to be seen by 2030
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