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Emissions trading theory

Government establishes a target (total ET-budget=
efficient level of Greenhouse Gas Emissions) -> allocates
allowances

For all Greenhouse Gas Emissions companies need to
surrender allowances otherwise a penalty has to be paid

Each company assesses it's marginal abatement costs

Trading occurs until and market price will be determined
by aggregated marginal abatement costs and total
allowance supply
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Climate Change: Efficient level of
Greenhouse gas emissions (GHG)

Abatement

C ($)

Marginal Abatement
Costs (MAC)

Marginal damage
Costs (MDC)

q
Efficient quantity of emissions

Total mitigation is not efficient.

Efficient mitigation:
MAC = MDC

But: What are the marginal
damage costs?

Several models are used to
estimate these costs (IPCC 2nd
AR):
$ 5-125 t C * 3.667 =
$ 18 – 458 t CO2
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Global Mitigation curve
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Abatement
options now
(FAR WGIII, 2007)



© CEEM, 2009 4

7

Possible
abatement
options later
(FAR WGIII, 2007)
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Emissions trading theory

Government establishes a target (total ET-budget=
efficient level of Greenhouse Gas Emissions) -> allocates
allowances

For all Greenhouse Gas Emissions companies need to
surrender allowances otherwise a penalty has to be paid

Each company assesses it's marginal abatement costs

Trading occurs until and market price will be determined
by aggregated marginal abatement costs and total
allowance supply
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Company: technical mitigation curve
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Costs, benefits

Abatement

Marginal
net private
benefits
(MNPB)

Marginal technical
mitigation curve (TMC)

Marginal abatement costs (MAC)
MNPB is the
abatement costs
where only output
reductions can be
used to reduce
pollution

Usually MAC are a
combination of
technical mitigation
costs and MNPB

For convenience
technical mitigation
curve is shown as
a straight line
rather than step
function.
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How does emissions trading work?

Total abatement

MAC2

MAC1

P

Abatement (A2): Polluter 20

0Abatement (A1): Polluter 1
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Market design choices (I)

Banking /borrowing not
allowed

Banking/borrowing
allowed

Flexibility

Relative (e.g. per capita or
output)

FixedCap

Long termTemporaryTraded unit

partialAll economyCoverage

Up stream (energy
producers)
mid stream (retailers)

Down stream
(emitting sources, e.g.
industry)

Liable party

Baseline and creditCap and tradeApproach

tofromRange of options:
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Market design choices (II)

AuctionFree allocationAllocation of
allowances

BenchmarksHistoric emissionsFree allocation
basis

Fixed penalty which act
as price cap

Deterrent ensure
reductions

Penalty
/enforcement

Reductions / Extern
(Third party)

Emissions / InternMonitoring /
verification

Keep permitsGive permits backShut downs

Buy on marketFree allocationNew entrants

tofromRange of options:
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EU Emission trading system
Cap and trade
Started in 2005, current phase 2008-2012 (Phase II =
Kyoto phase), Phase III (2013-2020)
Covers around 12,000 installations from power
generation & selected industries (only downstream),
2,083 Mt CO2e 2008-2012
Full flexibility (banking / borrowing) within a period, no
banking from 2007 (pilot phase) to 2008 (phase 2)
Penalty of 100 /t CO2 (from 2008), no buy-out, no price
cap
Cap & allocation left to the Member States (National
Allocation Plans), approval by the European Commission,
to be changed in 2013, ceilings for auctioning (  5% in
pilot phase and  10% in phase 2)
Limited use of Kyoto Units
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2008 2009 2010

By 28. February

issuance of allowances

on accounts for 2008

By 28.

February

issuance

for 2009

By 30.

April

surrender

for 2008
Surrendered

allowance

table

By 30. June

Commission will

publish

absolute quantity for

2013-2020

2011

By 31. March 
reporting of verified 
emissions for 2009

Verified emissions table

By 31. March 
reporting of verified 
emissions in 2008

Verified emissions table

By 31. March 
reporting of verified 
emissions for  2010

Verified emissions table

2007

By 28.

February

issuance

for 2010

By 30.

April

surrender

for 2009
Surrendered

allowance

table

By 28.

February

issuance

for 2011

By 30.

April

surrender

for 2010
Surrendered

allowance

table

By 31. March 
reporting of verified 
emissions in 2007

Verified emissions table

2012

By 31. March 
reporting of verified 
emissions for  2011

Verified emissions table

By 28.

February

issuance

for 2012

By 30.

April

surrender

for 2011
Surrendered

allowance

table

No banking

Phase II
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Regulated Installations (Phase II)
Annex I of the EU ETS Directive:

Energy activities

– Combustion installations rated thermal input > 20 MW (except
hazardous or municipal waste installations)

– Mineral oil refineries

– Coke ovens

Production and processing of ferrous metals: metal ore roasting or sintering
installations, pig iron or steel including continuous casting (>2.5 t/h)

Mineral industry: cement clinker (production capacity > 500 t/d), lime (> 50
t/d),
glass (> 20 t/d), ceramic products (> 75 t/d, and/or kiln capacity >4 m3, setting
density per kiln > 300 kg/m3)

Industrial plants for the production of pulp and paper (>20 t/d)

Some countries ( France and Netherlands) include other gases and sources
e.g. N2O



© CEEM, 2009 9

17

 Inclusion of Aviation
From 2012 onwards (around 150Mt CO2 about 7% of current EU
ETS)
Coverage: All flights arriving at and departing from Community
aerodromes
Liable entity: Aircraft operators since they have the most direct
control
Cap (set by 2nd of August 2009):
– 2012: 97% of average of 2004-2006 emissions
– 2013 onwards 95% of 2004-2006 emissions (subject to review)

Allowances allocated to aviation sector can only be used for
compliance of aviation sector (therefore no full fungibility with EUAs)
Allocation:
– 2012: 15% auctioned, 85% for free
– 2013 onwards: 3% in special reserve (new entrants and more than 18%

growth), 15% auctioned (subject to review), 82% allocated for free
– Free allocation based on verified tonne-kilometre benchmark

International Kyoto Units: 15% limit for CERs and ERUs for 2012
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Evaluation criteria

Environmental Effectiveness: the extent to which the
environmental objective is achieved.
– How well the scheme is actually mitigating the dangers of climate

change by delivering long-term reductions in greenhouse gases
(GHG).

Efficiency: the extent to which the required objective is
met at least cost.

– This includes dynamic efficiency (innovation incentives)

Equity aspects: the extent to which any group is unfairly
disadvantaged or favoured.

20

Relevant design elements

Environmental Effectiveness
– Target
– Coverage
– Leakage
– Price cap

Efficiency
– Coverage
– Allocation method
– Market

Equity aspects
– Burden sharing between generations: Targets over time
– Burden Sharing within generations: Allocation method
– Burden Sharing between nations: Targets and revenue recycling
– Burden Sharing between sectors: Target for covered and non-covered

sectors
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How effective is the EU ETS?
Target:

– Phase I: EUAs allocation exceeded 2005 emissions by around 100 Mio. tCO2

– Phase II: Based on Kyoto targets, around -13% compared to 2005, substantially
improved by EC decision in approval process of National Allocation Plans

– Phase III Proposal: -21 % (1.74% p.a.) compard to 2005 for ETS sector under the
-20% scenario; based on 2005 will lead in 2020 to -21%), Member States are permitted
to borrow max. 5% under

Coverage:
– Phase I: Only CO2 from process and combustion emissions.

– Phase II: Some MS cover N2O emissions and from 2012 aviation
– Phase III: Inclusion of additional gases and sources e.g. N2O from adipic & ntiric acid

production and glyoxalic acid production

Leakage:
– Phase I: Free and generous allocation to Industry Sector at Risk of Carbon leakage
– Phase II : Free allocation to Industry Sector at Risk of Carbon leakage
– Phase III: 100% free allocation based on Best Available Technology and share in

2005-2007 emissions, capped and declining annually

Price Cap:
– No price cap: deterrend penalty (100 /tCO2e) and make good provision

22

Decision by European Commission (Phase II)

Aggregate reduction of ET-budgets for 24 MS 200 million EUA or -9%.

Source: EU Commission
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EU ETS Phase III: Targets

Source: EU Commission

Already -6.5%
against 1990
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How efficient is the EU ETS?
Coverage:

– Phase I&II: Too many small companies included in scheme: Costs outweigh
benefits

– Phase III: Exclusion of small installations (around 4.200 installations),

Allocation:
– Phase II: Little auctioning (3.4 %) mostly allocation for free (96.6%)
– Perverse incentives in Phase I and II:

Up-dating dilemma (see next slide): If future allocation is a function of today’s emissions it
provides a perverse incentive for less abatement today in order to receive more permits in
the future
Free allocation to new entrants coupled with withdrawal of allocation from ceasing
installations gives an incentive to keep inefficient plants in operation.
Allocation to new entrants based on benchmarks on capacity installed gives perverse
incentive to build oversized boilers (Denmark has reduced allocation BAT/benchmark)

Market
– Phase I inefficient market: High price volatility and collapse of price at the end
– Phase II: Market became more efficient (the cost of carry had begun to hold in the

futures market from around July 2008), Prices reflect recession
– Future prices are leading the price discovery in the spot market (Phase I and II)
– Future prices reflecting relevant energy information efficiently
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Coverage: Emissions – Installation relation
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Auction share Phase II (2008-2012)

0.0

Germany

40.0

UK

17.2

Netherlands

3.4

Poland

2.1

Hungary*

1.3

Lithuania*

0.2

Austria

0.4

Belgium

0.2

Ireland*

0.1

Auctioning

65.0
ETS Cap II

2082.9

Source: Fraunhofer ISI
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Distortions of Allocation Methods

Source: Neuhoff et al. Climate Policy 2006

 Allowance 

allocation 

method

Impacts Less energy 

efficiency 

investment

Distortions Discourage 

plant 

closure

Distortion 

biased 

towards 

higher 

emitting 

plants

Shields 

output (and 

consumption) 

from 

average 

carbon cost

Distortion 

biased 

towards 

higher 

emitting 

plants

Reduce 

incentives for 

energy 

efficiency 

investments

Auction

capacity only X

capacity by fuel/ 

plant type*
X X

output only Y X

output by fuel/

plant type*
X X X X

emissions X X X X X

Note: X indicates a direct distortion arising from the allocation rule. Y indicates indirect distortions if allocation is not 

purely proportional to output/emissions.

* Differentiating by plant type adds additional distortions compared to purely fuel-based.

More expenditure on 

extending plant life relative 

to new build

Increase 

plant 

operation

Bench-

marking

Updating 

from 

previous 

periods'
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Base periods – Up-dating

Country 1995 1996 1997 1998 1999 2000 2001 2002 2003

AT
BE - W
BE - F
BE - B
CY
CZ
DE
DK
EE
ES
FI
FR
GR
HU
IE
IT
LT
LU
LV
MT
NL
PL
PT
SE
SI
SK
UK

No use of historic emissions
No use of historic emissions

NAP II not available

No use of historic emissions, but 2005 output

Not analysed yet

No use of historic emissions

No use of historic emissions

NAP II not available

2004 2005

Installation
Aggregate

Country 1995 1996 1997 1998 1999 2000 2001 2002 2003

AT
BE - W
BE - F
BE - B
CY
CZ
DE
DK
EE
ES
FI
FR
GR
HU
IE
IT
LT
LU
LV
MT
NL
PL
PT
SE
SI
SK
UK

No use of historic emissions
No use of historic emissions

NAP II not available

No use of historic emissions, but 2005 output

Not analysed yet

No use of historic emissions

No use of historic emissions

NAP II not available

2004 2005

Installation
Aggregate

Source: Neuhoff et al. Climate Policy 2006
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Price development (Phase I)

Trading Volume in 2006: 1101 Million EUAs
Market Share: 65% of global carbon market
Asset value of EUAs: 24bn/yr

Source: World Bank 2007

Collapse in late
April 2006 in
response to
news about
"overallocation"

Prohibition of banking
from 2007 to 2008
(phase 1 to phase 2)
renders phase 1
allowances nearly
worthless.
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EU ETS Market Efficiency Phase II
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Impact of recession on EUA price

Source: World Bank 2009
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Is the EU ETS fair?

Burden sharing between generations: Target
– Equity with regard to future generations is questionable for Phase I, Phase II

targets improve and Phase III proposal with international agreement seems fair

Burden Sharing within generation: Allocation method
– Companies pass through the carbon opportunity costs to their customers with a

regressive impact (low income households will have higher impact compared to
high income households)

– Free allocation leads to high windfall profits for emitters and high income
households profit more from increase in share values

– Rough estimate (Sijm) of windfall profits for phase II (reduced to phase I, since
free allocation to electricity generators was reduced): non-fossil: EUR 8-11 bn +
fossil : EUR 8-12 bn

Burden Sharing between nations: Targets and revenue recycling
– Phase III: Proposal to use part of auction revenue for mitigation and adaptation in

developing countries (e.g. Reduction in Deforestation)

Burden Sharing between sectors: Target for covered and non-covered
sectors

– Phase I: unfair
– Phase II: EU commission has improved burden sharing when cutting back NAPs
– Phase III proposal seems fair
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Distributional effects of emissions trading
 /

tCO2

tCO2 p.a.

Net costs for
abatement
to capped
level

Capped level

Revenue p.a. if
all allowances
are auctioned

Uncontrolled level of
emissions

Emissions in response
to price

price
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Burden-sharing between ET and Non-ET
sector

/t CO2 for ET-sector /t CO2 for non ET-sector

Marginal abatement costs

 for ET-sector

Marginal abatement costs

 for non ET-sector

Emission
reduction
share for ET-
sector in %

Emission
reduction share
for non ET-
sector in % 0/100 100/0

ideal share for ET sector ideal share for
non-ET-sector

Source: Schleich, Fraunhofer ISI



© CEEM, 2009 18

35

Sectoral Burden Sharing EU ETS
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4- Hypothetical allocation scenario (with KM) / ET-budget phase 2  (COM decision)

Source: Betz et al. Climate Policy 2006

36

Conclusions
Generous caps will lead to low price levels
Important role of the EU Commission to ensure stringency of
2nd NAPs
The devil is in the details!
– Perverse incentives are easily created
– BUT auctioning could cure most of the problems

Test phase important….  to improve scheme
Phase II
– path dependency of methods and concepts
– "improvements" are small (small share of auctioning, use of

benchmarks, standardised load factors, less special provisions in old
MS, but additional in new MS, transparency)

Major improvements in Phase III through harmonised cap
and allocation
Linking with an US Scheme is on the top of the agenda
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Many of our publications are available at:

www.ceem.unsw.edu.au  

r.betz@unsw.edu.au


