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Introduction

This first monograph of the Ifri program on European
Governance and Geopolitics of Energy is devoted to the control
of carbon dioxide emissions within the European Union.

Since it is almost unanimously accepted that Greenhouse
Gas emissions constitute the main cause of the observed
increase of the world average temperature, the system imple-
mented by the European Union to limit and decrease the CO2
emissions is a significant pillar of the EU energy policy, the
two others being the acceptance by the Member States of long-
term commitments (for instance on the future share of renew-
able energy sources in their energy balance sheet…) and the
establishment of an internal market for electricity and gas.

Though simple in principle, the European Union Green-
house Gas Emission Trading Scheme (EU ETS) is in fact rather
complex, and only experts really understand its merits and its
deficiencies. These deficiencies are real and will have to be
corrected in the future for the system to be effective.

At this moment, when the 2005-2007 trial phase of the EU
ETS is ending, the monograph has the purpose to stimulate
the discussion between experts and to enable all those inter-
ested in the topic to understand the issues and to take part in
the public debates on the subject.

The monograph contains five papers:

– “An Overview of the CO2 Emission Control System in
the European Union” by Jacques Lesourne and Maïté Jauréguy-
Naudin.
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– “Description and Assessment of EU CO2 Regulations” by
Yves Smeers.

– “Assessment of EU CO2 Regulations” by Jean-Paul Bouttes,
Jean-Michel Trochet and François Dassa.

– “Investment in Low Carbon Technologies, Policies for
the Power Sector” by Karsten Neuhoff.

– “Lessons Learned from the 2005-2007 Trial Phase of the
EU Emission Trading System” by Jan Horst Keppler.

JACQUES LESOURNE

JAN HORST KEPPLER
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An Overview of the CO2 Emission Control
System in the European Union

Jacques Lesourne* and Maïté Jauréguy-Naudin**

To comply with its Kyoto commitments, the European Union
(EU) has prepared in 2003-2004 a control system to progres-
sively limit and decrease CO2 emissions. This system has been
put in operation for two periods 2005-2007 and 2008-2012.
Rules for a post-2012 period will be defined in the coming years.

The key features of the EU system are the following:

– the system applies only to installations in the energy
and heavy industry sectors;

– with the approval of the Commission every country
delivers allowances to each of the installations located within
its borders; these allowances are free of charge;

– during the year, the installations may, according to their
needs, sell or buy emissions duties in a EU CO2 market.

In other words, the EU system is a “cap and trade” system.

In addition, the Commission has combined this system
with the two possibilities considered in the Kyoto Protocol,

* Jacques Lesourne is President of Futuribles and Chairman of the Scientific Committee of the
Ifri Energy Program “European Governance and Geopolitics of Energy”.
** Maïté Jauréguy-Naudin is Program Manager of “European Governance and Geopolitics of
Energy”.
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the Clean Development Mechanisms (CDMs) and the Joint
Implementation (JI) mechanism, which enable European firms
to get allowances if they contribute in due proportions to a
decrease of emissions in developing countries, but in this
presentation we shall limit ourselves to the core elements of
the system.

This overview will consider:
– the key numbers about emissions;
– the allocation processes and the yearly allocations of the

first period;
– the other rules;
– the market development;
– elements about the 2008-2012 period;
– final remarks.

1. Key Numbers About Emissions

Data on carbon dioxide (CO2) emissions need to be ana-
lyzed carefully. Figures sometimes cover gross emissions or
deduct from them the absorption related to Land Use, Land-Use
Change and Forestry (LULUCF) activities. Data sometimes refer
to emissions of CO2 only, sometimes to greenhouse gas (GHG)
emissions (CO2 makes up over 80% of all EU-151 greenhouse
gas emissions). Emissions of most greenhouse gases are usually
reported in terms of the full molecular weight of the gas and
can be converted into their carbon dioxide equivalent. CO2
might also be reported in carbon units, defined as the weight of
the carbon content of carbon dioxide (i.e. just the “C” in CO2),
which is favored by the scientific community (3.6667 tonnes of
CO2 are equivalent to one tonne of carbon emitted).

1.1. EU CO2 Emissions

In 2003, USA, Europe (EU-252) and China were the three
largest carbon emitters on the global scale. Recent studies
estimate that, in 2006, China has overtaken the United States

10 A b at e m e n t o f C O 2 E m i s s i o n s i n t h e E u r o p e a n U n i o n

1. The EU-15 include Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland,
Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden and the United Kingdom.
2. The EU-25 include the EU-15 plus Cyprus, the Czech Republic, Estonia, Hungary, Latvia,
Lithuania, Malta, Poland, Slovakia, Slovenia.
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A n O v e rv i e w o f t h e C O 2 E m i s s i o n C o n t r o l S y s t e m 11

as the world’s top producer of carbon dioxide emissions even
though America still generates five times more CO2 per capita
than China.

2003
CO2 emissions (rank) % of world Tonnes CO2

(in Mt CO2) total per person (rank)

United States 5,777.7 (1) 22.27% 19.9 (6)
of America

EU-25 4,003.2 (3) 15.43% 8.8 (36)

China 4,497.1 (2) 17.34% 3.5 (75)

Table 1. Shares of World 2003 CO2 Emissions

Source: Climate Analysis Indicators Tool (CAIT) Version 4.0. (Washington, D.C., World Resources Institute, 2007).

The EU-15 committed under the Kyoto Protocol to reduce
its GHG average emissions over the 2008-2012 period by 8%
compared to 1990 levels (1990 is the base year under the Kyoto
Protocol). EU-15 GHG emissions fell significantly in the early
nineties before rising between 1993 and 1995. Since then they
have broadly stabilized.

The EU inventory of greenhouse gas emissions for 2005
showed that emissions of GHGs, without the deduction of
LULUCF, in the EU-15, decreased by 2% compared to 1990
levels. But emission reduction is mainly due to non-CO2 gases,
whereas CO2 emissions increased since 1990.

GHG gross emissions CO2 gross emissions CO2 gross emissions
2005 (without LULUCF) (without LULUCF) (without LULUCF)

(in eq. Mt CO2) (in Mt CO2) (in Mt C)

EU-15 4,192.0 3,482.2 951.4

EU-27 5,177.0 4,269.0 1,166.4

Table 2. EU 2005 Emissions

Source: EEA Greenhouse Gas Data Viewer, <www.eea.europa.eu/>.

1.2. EU Emissions by Country
Table 3 collects the figures by country for 2005. The

deductions due to land use and deforestation (LULUCF activi-
ties) decrease EU-15 CO2 emissions by about 9% but signifi-
cant differences between countries can be found.
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CO2 net CO2 net CO2 gross CO2 gross

2005
emissions emissions/GDP emissions emissions/GDP

with LULUCF with LULUCF without LULUCF without LULUCF
(in Mt CO2) (in Mt CO2 /Billions $) (in Mt CO2) (in Mt CO2/Billions $)

Austria 62.6 0.205 79.7 0.261

Belgium 123.0 0.33 123.3 0.331

Denmark 49.0 0.19 50.4 0.194

Finland 26.0 0.132 57.0 0.291

France 347.2 0.163 412.5 0.194

Germany 836.4 0.300 872.9 0.313

Greece 106.2 0.374 111.7 0.393

Ireland 46.6 0.232 47.3 0.236

Italy 382.5 0.216 493.4 0.278

Luxembourg 11.6 0.317 11.9 0.325

Netherlands 178.2 0.283 175.9 0.279

Portugal 71.6 0.386 67.9 0.366

Spain 318.6 0.282 368.3 0.327

Sweden 48.5 0.135 52.6 0.147

United Kingdom 555.5 0.249 557.5 0.250

Total EU-15 3,163.7 3,482.2

Bulgaria 36.8 1.38 54.8 2.05

Cyprus 7.7 0.453 7.8 0.459

Czech Republic 121.2 0.98 125.9 1.02

Estonia 9.9 0.72 18.0 1.31

Hungary 57.3 0.513 61.8 0.554

Latvia – 6.9 – 0.437 7.6 0.481

Lithuania 5.0 0.195 14.2 0.553

Malta

Poland 294.4 0.971 326.6 1.077

Romania 73.1 0.74 110.5 1.121

Slovakia 39.1 0.825 39.9 0.84

Slovenia 11.2 0.33 16.7 0.49

Total EU-27 3,815.3 4,269.0

Table 3. EU 2005 CO2 Emissions by Country

Source: EEA Greenhouse Gas Data Viewer, <www.eea.europa.eu/>; IMF, World Economic Outlook database (nominal GDP for
2005).
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3. Bulgaria, Cyprus, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland,
Romania, Slovakia, Slovenia.

Related to GDP units, two groups stand out among the
EU-15 countries. Denmark, Finland, France and Sweden share
relatively lower levels of CO2 emissions than their peers (<0.2).
In delivering relatively significantly higher CO2 emissions (>.3),
Belgium, Germany, Greece, Luxembourg, Portugal and Spain
belong to the higher emissions level group.

But although Germany contributes most to the EU emis-
sions in absolute terms because of the use of fossil fuels in the
production of electricity and heat, Germany reduced its emis-
sion by 2.3% in 2005 whereas Spain saw, among the EU-15,
the biggest emissions increase by 3.6%.

Among the EU-123 (the newly admitted countries), figures
are particularly high, notably in Estonia, the Czech Republic,
Poland and Slovakia.

2. The Allocation Processes and the Yearly Allocations
of the First Period

As a multinational system, the EU ETS is characterized
by a highly decentralized implementation: the European
Commission is acting both as a coordinator and an arbitrator
whereas each Member State decides the profile of allowance
allocation at the national level (in close consultation with the
industrial firms included in the scheme).

2.1. Role of the European Commission

The European Commission has the responsibility to
enforce scarcity of the European Union Allowances (EUAs) in
reviewing and adjusting the number of allowances proposed
by Member States and to put into effect trading by setting up
rules that will guarantee efficient exchange practices (for
example by not allowing ex post adjustments). The European
Commission decides on the overall volume of allowances by
country.
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2.2. Role of the Member States

Each country submits a National Allocation Plan (NAP) for
approval to the Commission. The European Commission does
not participate in the national allocation process which is
designed by the Member State. In particular, NAPs describe
target assignments to sectors covered by the ETS and cap
assignments for the installations covered in each sector.

NAP implementation is essential to the EU ETS, since
NAPs not only provide “supply” to the firms participating in
the scheme but also design the “demand”.

2.3. The Installations

For the EU-25 the number of installations covered is
around 10,000, 65% belonging to the energy sector and 20%
to the mineral industry. The percentages of French and German
installations are approximately 10% and 18%.

14 A b at e m e n t o f C O 2 E m i s s i o n s i n t h e E u r o p e a n U n i o n

Installations under Number Number Number
the Emission of installations, of installations, of installations,

Trading Directive EU-25 France Germany

Energy activities 6,566 663 1,280

Production and processing 235 25 34
of ferrous metals

Mineral industry 1,904 113 403

Production of pulp, paper and board 792 122 135

“Opt-in1” 572 164 0

Total 10,075 1,087 1,852

Table 4. Sectors Covered by EU ETS

N.B. Registered in the Community Independent Transaction Log (CITL) at the end of October 2006. All
registries were not fully operational at the time, so the real numbers were higher. At the end of 2007, the
number of installations registered in the CITL is around 12,000.
1. Unilateral opt-in of smaller installations provided for by EU-ETS directive (Article 24).
Source: EEA Technical Report, No. 4/2007.

During the first trading period (2005-2007), the EU ETS
covers the energy sector (combustion installations with
capacity exceeding 20 MW, mineral oil refineries, coke ovens),
iron and steel industry, mineral industry (glass, ceramic,
cement), plants producing pulp, paper and board. In 2005, the
European Environment Agency estimates that the EU ETS
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4. From 2008, Member States will be able to opt-in activities, installations and greenhouse
gases which are not covered by the directive.

covered some half of all EU CO2 emissions and 41% of the total
GHG emissions in the EU-25. These figures are crucial since
they show the relative importance of the EU system in the
fight against GHG emissions.

During the first period, Member States are allowed to opt-
in installations that are carrying out activities covered by the
EU ETS but which are below the size threshold for automatic
entry.4

2.4. The Allocation Process

Allowances are essentially distributed through free alloca-
tion. This decision gave way to criticism because it encourages
firms to maximize their share of quotas and as each Member
State is willing to avoid distortions of competition –in partic-
ular with regard to non Kyoto-constrained countries– the
European Commission has been subject to a strong lobbyism
to be generous with the volume of quotas allocated per
country.

In addition, free allocation to existing capacities has been
criticized as it does not create an incentive to decrease CO2
emissions and may generate distortion of competition with
new entrants.

It shows the limit of commitments of the member countries
to fight to reduce GHG emissions.

However, the first trading period was essential to imple-
ment and test the system. The second period 2008-2012 will
have the responsibility to set as a goal a more effective reduc-
tion of emissions.

2.5. Allocations for the First Trading Period

Table 5 gives the number of installations covered by country
and the volume of CO2 allowances by year (over the three-year
period, the same volume is allocated each year).
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Number of Yearly CO2 Share in EU
Member State installations covered allowances

allowances
EU-25 by the Emission in Mt CO2 (in %)

Trading Directive (including reserves)

Austria 199 33.0 1.5

Belgium 310 62.1 2.9

Cyprus 10 5.7 0.3

Czech Republic 395 97.6 4.5

Denmark 384 33.5 1.5

Estonia 44 19 0.9

Finland 600 45.5 2.1

France 1,087 156.5 7.2

Germany 1,852 499 22.9

Greece 140 74.4 3.4

Hungary 235 31.3 1.4

Ireland 114 22.3 1.0

Italy 953 223.1 10.2

Latvia 96 4.6 0.2

Lithuania 100 12.3 0.6

Luxembourg 15 3.4 0.2

Malta*

Netherlands 210 95.3 4.4

Poland* 500 239.1 11.0

Portugal 244 38.2 1.8

Slovakia 175 30.5 1.4

Slovenia 98 8.8 0.4

Spain 827 174.4 8.0

Sweden 705 22.9 1.1

United Kingdom 779 245.3 11.3

Total 10,075 2,177.7 100.0

Table 5. Yearly Allocations by Country

* Incomplete information.
Source: European Commission Press Release, IP/07/1131, 18 July 2007, <www.europa.euEEA>; EEA
Technical Report, n° 4/2007, <www.eea.europa.eu/>.

Table 5 confirms the fact that the system covers approxi-
mately 50% of the European Emissions and 7.5% of the world
emissions (by comparison of Tables 1 and 5). By sector, the
global European situation is depicted on Figure 1 which
confirms the overwhelming share of the energy sector.
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3. The Other Rules

The allocation process is the focal feature of the “cap” part
of the system. But additional rules have been introduced in
the operation of the system.

3.1. Auctioning

All Member States are allowed to auction up to 5% of
their total allowance during the first trading period. The share
of auctioned allowances will increase to 10% during the 2008-
2012 period. Only four governments chose to consider this
option: Denmark (5%), Hungary (2.5%), Lithuania (1.5%) and
Ireland (0.75%).

Additionally, a small number of allocations –quotas
reserved for new entrants– might be auctioned at the end of
2007, in the case the reserve was not fully used by the time
the first period ends. This possibility only concerns the
Member States who chose this alternative.

Hungary planned to use the profit generated by the auction
to finance national climate protection measures. On the other

Other
196,0 Mt CO2

9%

Paper

65,3 Mt CO2

3%

Iron & Steel
261,3 Mt CO2

12%

Mineral
261,3MtCO2

12%

Energy Sector
1393,8 Mt CO2

64%

Figure 1. Share of Quotas by Sector: Period 2005-2007
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hand, Ireland intended to use these revenues to finance the
administrative cost generated by the ETS implementation.

3.2. “Banking” and “Borrowing”

Allocations are distributed on an annual basis but are valid
through the period. Installations covered by EU ETS must
report their yearly emissions to competent national authori-
ties by 31 March of the following year. If necessary, the instal-
lations have then until 30 April to gather enough quotas to
cover the emissions of the previous year. If not, installations
are liable to a non-liberatory fine (40 euro/t CO2 for the first
trading period 2005-2007, 100 euros for the second period
2008-2012). However, the scheme allows to borrow from 2006
allowances to cover a lack of quotas in 2005 (borrowing). Given
that allowance distribution proceeds before the end of
February and that regularization must take place by 30 April,
borrowing is possible from January to May. On the same lines,
non-used EUAs can be held until the end of the period
(banking). Banking and borrowing are not allowed between the
first and second phase, which in return doesn’t incite the
installations to engage in an efficient emissions reduction
policy before 2008.

So far, no penalties have been reported and installations
can easily –and for a modest price– buy quotas on the market
to meet their commitments. The fact is that control has been
extremely difficult to set up and that this pilot phase is meant
as a test and doesn’t intend to be discouraging.

3.3. New Entrant Provisions

Under the EU ETS, Member States allocate freely EUAs to
new entrants from a reserve defined in the NAP, as opposed
to other “cap and trade” systems (such as the US system for
SO2 emissions) where new entrants are supposed to buy the
needed allowances.

The decision to distribute EUAs for free to new entrants is
motivated by fear to put Member States at a disadvantage
with regard to competition for new investments. But as rules

18 A b at e m e n t o f C O 2 E m i s s i o n s i n t h e E u r o p e a n U n i o n
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governing allocations to new entrants are different in each
country, the treatment of new entrants allocation has become
politically crucial, since it represents a production subsidy.

As part of the first trading period, reserves for new entrants
represented roughly 3% of total allocations (i.e. 195 million
tonnes over the period). If the reserves were to be exhausted,
new entrants are supposed to buy quotas on the market (this
option has been chosen by most of the Member States), but some
of the countries decided that it would be up to their govern-
ments to buy the needed quotas (as it is the case for Italy and
Germany). In the event that quotas remain in the reserve at the
end of the period, 16 countries have already decided that they
would sell the remaining quotas on the market, and 6 countries
including France and Germany would cancel them.

3.4. Closure Provisions

Whereas traditional “cap and trade” systems allow an
installation owner to keep his allowances in the case he closes
the facilities, the EU ETS compels such installations to cancel
the quotas.

Sweden and Netherlands are the only countries to allow
closing installations to keep their quotas until the period ends.
Germany has been at the origin of a “transfer” rule, which is
now used by other countries, that allows the owner of a closed
facility to transfer non-used quotas on a new installation which
in return cannot anymore pretend to the new entrant reserve.
This rule allows to maintain production within the country.

3.5. Benchmarking

If two installations are comparable except with regard to
their emissions level, benchmarking considers that they have
to be treated alike. Given the heterogeneity of production
processes and the disparity of existing installations, this prin-
ciple has been difficult to retain in the allocation process. This
is why past emissions within the activity sector prevailed to
determine the allowances to each installation instead of using
a benchmarking criterion.

A n O v e rv i e w o f t h e C O 2 E m i s s i o n C o n t r o l S y s t e m 19
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However, regarding new entrants, which do not possess
historical emissions, the allocation process follows a bench-
marking principle, based on “a definition of the best available
technology multiplied by the expected production or new
capacity.” Yet, the definition is vague and doesn’t take into
account expected emissions.

4. The Market Development

We shall briefly describe the actors able to trade the
volumes exchanged, the price observed.

4.1. Actors

Main participants to the ETS include firms, that can buy
additional or sell surplus certificates to adjust their quotas to
CO2 emissions, and market actors who ensure intermediary
financing.

Even though the EU ETS was not yet totally operating,
stakeholders early demonstrated a strong desire to participate
in the market. The first “carbon trade” was actually executed, in
March 2003 between Shell, the global oil company, and Nuon,
a Dutch multinational. As early as 2004, futures trading begun
to emerge. As the market started to develop, more and more
participants entered the market to answer the increasing trans-
actions. In January 2005, brokers outside formal exchanges
contributed to facilitate bilateral exchanges, followed in August
2006 by the entrance of several exchanges including the
European Climate Exchange (ECX, specialized in the futures
market), Nordpool and Powernext (Powernext represents 70%
of the spot market). Additionally, a growing number of small
brokers increased the range of intermediaries.

Participants in the scheme can either sell/buy the quotas
through the exchange market or sell/buy over the counter (OTC),
i.e. not via recognized exchanges. A quick overview of the
exchanges show that they play a less than expected role in
comparison with OTC trades. About 70% of certificates would
have been sold in OTC trades in 2006.

20 A b at e m e n t o f C O 2 E m i s s i o n s i n t h e E u r o p e a n U n i o n

 
©   Ifri, 2008 
  

 ©
   

Ifr
i, 

20
08

 
 

 



 ©
   

Ifr
i, 

20
08

 
 

 

However, large energy suppliers –RWE, EON, Centrica,
Scottish Power, Electrabel– and large banks are operating on
the market and exchanges are now attracting interest from
hedge funds and potential market speculators.

4.2. Volumes

The EU ETS by volume of transactions is the largest CO2
market in the world today.

In 2004, the total volume traded was 9 Mt CO2. In 2005,
262 Mt CO2 changed hands through market transactions and
over the counter. According to Pointcarbon, more than
1,000 Mt CO2, i.e. about 50% of the total number of
allowances, were exchanged in 2006 for a value of 18 billion
euros. In May 2007, 86% of the volume traded concerned
future markets.
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Figure 2. Monthly Volume Traded on the EUA Market

4.3. Spot and Forward Market

The released figures on verified emissions in 2006 showed
that allowances were superior to real emissions by 4%, which
means allowances exceeded emissions by about 80 million
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tonnes of CO2. This led to a significant drop in the CO2 price
in May 2006. A tonne of CO2 costs today less than 1 euro.
While planning the second phase, the European Commission
put then more pressure on the Member States regarding NAP
acceptability. Additionally, banking is not allowed between the
two phases. As we come to the end of the first period, this
conjunction of facts led for the first time to a dissociation
between spot and futures prices (Figure 3).
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Figure 3. Carbon Prices
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Verified emissions in 2007 might lead to another drop in
the spot price, since once again, they are expected to be lower
than distributed allowances.

The futures price in the EU ETS sets a reference price for
all trade as part of the Kyoto Protocol mechanism.

4.4. A Few Facts About the 2005-2007 Period

The European CO2 market functions and shows reasonable
liquidity. The volume of transactions increased regularly over
the first period as well as the number of actors on the market.
In setting a price signal, the EU ETS succeeded to put a price
on carbon emissions. This price signal has probably affected
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companies’ strategy. The fact that the price stayed high over a
long period of time may mean that –to a certain extent–
companies included allowance price in their reflection on
future investments.

Over 2005, the power sector, which has been allocated 64% of
the total allowances, represented 90% of potential demand and
50% of potential supply. Most of the transactions took place
among installations belonging to the same country. Member
States such as UK, Spain, Italy and Germany have not only been
the main demanders but also the more important suppliers.

The market operated in a situation where quotas have been
over-allocated to several countries including large emitters
such as Germany. Among the main emitters, only UK emitted
more than its allowance volume and had to buy more than
30 Mt CO2 on the market.

This over-allocation was mainly due to a lack of historic
data emissions for participating installations. This resulted in
inaccurate projections and thus in insufficiently ambitious
estimations of emission reduction levels. It is difficult to eval-
uate the EU ETS environmental effectiveness since resource
scarcity has not really been enforced. But it is possible that
too many allowances have been issued for the scheme to drive
a major reduction of CO2 emissions.

5. Elements About the 2008-2012 Period

Lessons drawn from the first period led the European
Commission to be more demanding regarding NAP accept-
ability for the second period: the allowances total for the
second period is significantly lower than for 2005-2007. The
balance between demand and supply will be slightly different
compared to the first trading period which could impact on
the CO2 price range.

Nevertheless, shortcomings still need to be addressed for
the scheme to be successful:

– Current provisions for new entrants provide subsidies
for carbon-intensive technologies and are clearly insufficient
for driving investment in the development of clean technologies.
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– Most investments will take place beyond 2012. It is
therefore necessary to send a proper signal that will allow
market players to invest in clean technologies. The length-
ening of trade period would be a first step along this path.
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Difference

Annual Annual cap between

Member State
1st period 2005 verified proposed allowed 2005 verified

cap emissions cap 2008-2012 2008-2012 emissions and
2008-2012 cap

(in %)

Austria 33.0 33.4 32.8 30.7 – 8.1

Belgium 62.1 55.6 63.3 58.5 + 5.2

Cyprus 5.7 5.1 7.12 5.48 + 7.5

Czech Republic 97.6 82.5 101.9 86.8 + 5.2

Estonia 19 12.62 24.38 12.72 + .8

Finland 45.5 33.1 39.6 37.6 + 13.6

France 156.5 131.3 132.8 132.8 + 1.1

Hungary 31.3 26.0 30.7 26.9 + 3.5

Germany 499 474 482 453.1 – 4.4

Greece 74.4 71.3 75.5 69.1 – 3.1

Ireland 22.3 22.4 22.6 22.3 – .4

Italy 223.1 225.5 209 195.8 – 3.2

Latvia 4.6 2.9 7.7 3.43 + 18.3

Lithuania 12.3 6.6 16.6 8.8 + 33.3

Luxembourg 3.4 2.6 3.95 2.5 – 3.8

Malta 2.9 1.98 2.96 2.1 + 6.1

Netherlands 95.3 80.35 90.4 85.8 + 6.8

Poland 239.1 203.1 284.6 208.5 + 2.7

Slovakia 30.5 25.2 41.3 30.9 + 22.6

Slovenia 8.8 8.7 8.3 8.3 – 4.6

Spain 174.4 182.9 152.7 152.3 – 16.7

Sweden 22.9 19.3 25.2 22.8 + 18.1

United Kingdom 245.3 242.4 246.2 246.2 + 1.6

Total 2,109 1,947.86 2,101.64 1,903.43 – 2.3

Table 6. Summary Information on the 23 Plans Assessed to Date
(in Mt CO2)

Source: European Commission Press Release, IP/07/1131, 18 July 2007.
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This second period coincides with Kyoto commitments
and special attention should be paid to the use of project-
mechanisms under the Kyoto Protocol whose use could be
supplemental to domestic action and whose credits are
accepted by the EU ETS. Joint Implementation allows emis-
sions credits to be traded between two different countries.
Clean Development Mechanisms allow companies to earn
credits by paying for emissions-reducing and clean energy
projects in developing countries. EU ETS greatly contributed
to develop CDMs. Most CDM projects are currently being
implemented in China, India, Brazil. In a recent study, WWF
fears that volume of credits which ETS sectors would be
allowed to buy as part of CDMs, would undermine EU emis-
sion reduction targets inside the EU. WWF is also concerned
about the quality of these projects and recommends the use of
the “Gold Standard” benchmarking to guarantee a positive
environmental impact.

Post-Kyoto negotiations are about to start and it is crucial
to use this second period as an opportunity to rectify the
scheme shortcomings and ensure that the market play its role
in reducing emissions beyond 2012.

6. Final Remarks

This first overview of the ETS shows that it may be consid-
ered to be a moderate success or a moderate failure. Its defi-
ciencies are mainly due to the Member States who prefer a
two-layer system (EU and States) and try to make it harmless
for their national installations.

Until now the impact on the reductions of CO2 emissions
has been negligible.

However the existence of a European framework may be
essential for a pertinent preparation of the post-2012 regula-
tions and one must not forget that the period 2005-2007 was
a trial period.
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Description and Assessment
of EU CO2 Regulations

Yves Smeers*

1. Introduction

Climate change is a long-term problem. This is recognized
in recital 2 of Directive 2003/87/EC that set the objective of
long-term reduction of greenhouse gases to 70% of 1990 levels.
Various scenarios (e.g. Bouttes et al. 2006, IEA 2006, EC 2006a),
explore this long-term problem. They all come to a similar
conclusion: Europe will need to undertake massive invest-
ments to renew its energy infrastructure. It takes time to
decide, get approval for, and build new capacities. These will
for the most part only come on line after 2012, that is, right
after the end of the second compliance period (the Kyoto
period) of the European Union Greenhouse Gas Emission
Trading Scheme (EU ETS) introduced by Directive 2003/87/EC.
These new capacities will have been decided most of the time
on the basis of the sole experience of the first phase or at best,
of the preparation to the second phase. A crucial question is

* Yves Smeers is the Tractebel Professor of Energy Economics at the Faculty of Applied
Sciences of Université catholique de Louvain, Belgium since 2001.
This paper benefited from considerable discussions with A. Ehrenmann from RD Strategy,
Electrabel. His views may be quite different from those expressed here and he is thus in no
way responsible for the shortcomings and possible errors contained in this text. Comments
from Jan Horst Keppler are also gratefully acknowledged.
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what kind of signal this will have sent to investors. Does it
boil down to “a clear and sustained signal […] that there is an
economic cost to emit greenhouse gases” (e.g. EC 2006b,
recital 11 and many other decisions) or will investors in long
life physical assets have found some robust price information
that they can rely on in the market economy that European
institutions advocate so much?

This paper examines this question in the context of the
EU ETS. It does not offer any new scenario but reasons in the
context defined above: we need massive investments soon and
wonder whether the EU ETS creates an environment that
induces these investments. Because scenarios also tell us that
the cost of the restructuring will be high we also wonder
whether the law effectively induces cost minimization. As in
the restructuring of electricity, the invisible but pervasive law
of unintended consequences is at work; a major unknown is
the extent to which it can derail the process.

We proceed on the basis of European texts and with refer-
ence to academic comments. Of special interest are the
Commission’s decisions issued on 29 November 2006. We
quote the decisions relative to the NAP (National Allocation
Plan) proposals of Germany (EC 2006b), Greece (EC 2006c),
Ireland (EC 2006d), Latvia (EC 2006e), Luxembourg (EC
2006f), Sweden (2006g) and the United Kingdom (2006h).
Other decisions have been published since but we do not refer
to them here. The paper is organized as follows. We first recall
some principles of the EU ETS: its objective is to reduce emis-
sions in an economically efficient way. We take that objective
for granted and continuously refer to it. Section 2 briefly
reviews the instruments put in place in order to achieve this
objective. Section 3 discusses a particular point of the law,
namely criterion 3 of Annex III of the Directive, that is, the
computation of the reduction potential. We then turn to two
questions that are crucial to efficiency. One is the recourse
to Kyoto flexibility mechanisms: these give Europeans the
possibility to access cheaper reduction means in non-OECD.
Section 4 explores what we argue is a counterproductive
restriction of these possibilities. The allocation of allowances
in the NAPs drew considerable attention in debates on the EU
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ETS. We treat it in Section 5, which itself decomposes in three
subsections. We first discuss the method to compute the total
amount of allowances allocated in each national economy
(Section 5.1). We then look at the questions of grandfathering
and free allocation (Section 5.2). Last we elaborate on the
criteria used for free allocation (Section 5.3). These questions
are central in the decisions of the Commission; they also
received considerable attention in the academic literature.
Conclusion terminates the paper.

2. Cost Effectiveness and the EU ETS

2.1. The Overall Architecture

The aim of the EU ETS is to reduce greenhouse gas emis-
sions in a cost effective way. This is announced in recital 5 of
the Directive and made law in Article 1: “This Directive estab-
lishes a scheme for greenhouse gas emission allowance trading
within the Community (hereinafter referred to as the ‘Commu-
nity scheme’) in order to promote reductions of greenhouse
gas emissions in a cost-effective and economically efficient
manner.”

Taxes and cap and trade systems are the two economically
established methods for achieving an efficient reduction of
emissions. Directive 2003/87/EC introduces a cap and trade
system. A trading scheme operates with “commodities”.
Article 3 of the Directive creates the necessary commodity,
namely the allowance, that is traded through the European
Union. The owner of an allowance has the right to sell it or to
emit one tonne of greenhouse gas. The allowance is a partic-
ular type of Assigned Amount Units (AAUs) exchanged in the
trading system created for Annex B countries of the Kyoto
Protocol. The relations between allowances and AAUs will be
clarified in Section 5.2. All EU Member States, except Cyprus
and Malta have Kyoto targets.

Member States create allowances through the NAPs that
are then traded throughout the Union. The so-called Kyoto flex-
ibility mechanisms offer an alternative source of allowances.
Joint Implementation (JI) Projects and Clean Development
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Mechanisms (CDMs) produce Emission Reduction Units
(ERUs) and Certified Emission Reductions (CERs) that Article 11a
of the Directive assimilates to allowances. Article 11a also
introduces some restriction on the use of these mechanisms.
Article 11b further discusses their use and guarantees that
there is no double counting. Annex 2 of the Directive lists the
set of covered greenhouse gases (GHGs) but Annex 1 reduces
them to CO2 emitted by combustion installations of the covered
sectors.

Economic textbooks generally describe cap and trade
systems in a static context. A maximal emission target is set
that corresponds to the reduction objective. The system creates
rights to emit an amount equal to the cap. Except for paying
a penalty, it is impossible to emit without owning a right.
Participants to the cap and trade system can trade the rights.
A participant will use its right to emit if its marginal cost of
reducing emission is higher than the value of the right. It will
reduce emissions and sell the right otherwise. Participants will
thus select emission levels that equalize their marginal costs
of reducing emissions to the value of the allowance. A stan-
dard economic result is that total reduction costs are mini-
mized when marginal reduction costs of the agents are equal.
This justifies cap and trade systems as instruments for
achieving “reductions of greenhouse gas emissions in a cost-
effective manner.” The reasoning can easily be extended to
include the supply of rights from outside sources such as those
accruing from the Kyoto flexibility mechanisms.

The EU ETS has an important time dimension that needs
to be taken into account when comparing it with the textbook
theory. Article 11 decomposes the horizon in a set of succes-
sive trading periods. The first period extends from 2005 to
2007 (Article 11.1) and the second period from 2008 to 2012
(Article 11.2). Other five years trading periods will follow
(Article 11.2). The National Allocation Plans (Articles 9 to 11)
largely determine the market for allowances in each trading
period. Before the beginning of each trading period, Member
States must specify the total amount of allowances that
they propose to allocate to the trading period (Article 9.1), the
fraction that will be auctioned and given free (Article 10) and
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the quantities of the free allowances allocated to installations
(Article 11.1 and 11.2). These three points are successively
discussed in Sections 5.1, 5.2 and 5.3. The National Allocation
Plans must also specify the extent to which operators of instal-
lations covered by the NAPs can resort to flexibility mecha-
nisms (Article 11a). This is discussed in Section 4. Annex III
or the Directive lists different criteria that the NAPs must
satisfy. The Commission offered guidance on the application
of these criteria (EC 2004a, EC 2005). This is discussed in more
detail later in this section. Section 3 of the paper is devoted to
criterion 3 of Annex III of the Directive.

2.2. The National Allocation Plans

The NAPs are the key determinants of the trading periods.
The sum of allowances allocated by the Member States set the
cap on the total emissions of the covered installations in the
trading period. Any excess emission inside the EU must be
compensated by a CER obtained outside the Community or by
an ERU inside. These emission limits must be in line with the
environmental objectives of the Community and of the
Member States in the context of the Kyoto Protocol. The NAPs
therefore largely determine the scarcity of allowances and
hence also their price. Granting allowances free to installa-
tions amounts to giving them an asset of economic value. This
has an impact on competition inside the Community and with
the rest of the world. The NAPs therefore have far reaching
environmental and competition impacts. This justifies intro-
ducing the criteria of Annex III and additional guidance for
constructing the NAPs.

Even though providing considerable information, the guid-
ance does not offer an unambiguous interpretation of the
criteria of Annex III. It is only in the decisions recently issued
in response to the NAP proposals of the second phase that
one can really grasp the full reasoning of the Commission.
The rest of this section briefly introduces the criteria of
Annex III that the decisions examined in this paper most often
report as contravened in the NAP proposals of the second
compliance period. The discussion is limited to the presenta-
tion of the criteria and to precisions offered in the guidance.
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2.3. Annex III and the Guidance

Annex III of the consolidated version of Directive 2003/87/EC
(as amended by Directive 2004/101/EC in respect of Kyoto
Protocol’s project mechanisms) lists 12 different criteria. We
concentrate on those criteria most often found contravened in
the decisions. We therefore skip criteria that are less relevant
for our analysis.

Criterion 1

Criterion 1 introduces two requirements. It imposes that
the NAPs comply with the obligation of the Member States in
the Kyoto Protocol. This implies that the reductions achieved
in the ETS and non-ETS sectors plus the recourse to Kyoto
instruments satisfy the Kyoto target of the Member State. “The
total quantity of allowances to be allocated for the relevant
period shall be consistent with the Member State’s obligation
to limit its emissions pursuant to Decision 2002/358/EC and
the Kyoto Protocol, taking into account, on the one hand, the
proportion of overall emissions that these allowances repre-
sent in comparison with emissions from sources not covered
by this Directive and, on the other hand, national energy poli-
cies, and should be consistent with the national climate change
programme.”

The criterion also requires “the total quantity of allowances
to be allocated shall not be more than is likely to be needed for
the strict application of the criteria of this Annex.”

The guidance clarifies both obligations. As to the first
requirement, it does not suffice that a NAP formally meets the
Kyoto criterion by invoking measures that ascertain that the
total emissions of the Member State do not exceed its commit-
ment in the Kyoto Protocol. The guidance explains that the
Commission will verify that the non-ETS measures are cred-
ible. This implies that the Commission will reset to zero a
claimed reduction that is not fully documented and explained.
It also means that a plan to purchase CERs or ERUs must be
documented so that the Commission is comfortable that these
purchases can indeed be made and if not, that the Member
State has planned for contingency measures.
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The guidance also elaborates on the second part of the
criterion: the Commission will verify that the total amount of
allowances does not exceed the most stringent amount of
emission computed using the different criteria of Annex III.
In other words, Annex III lists different criteria that can each
lead to different reduction obligations. The Commission will
always select the most stringent reduction to assess the
proposed total allocation.

Criterion 2

Council Decision 93/389/EEC, later replaced by Decision
280/2004/EC (EC 2004b), established a mechanism for moni-
toring emissions of GHGs. Pursuant to these Decisions, the
Commission conducts an annual assessment of actual and
projected emissions of GHGs. The criterion requires that the
total emission of the Member State does not exceed this fore-
cast. In particular the allocation should normally not exceed
current emissions.

Criterion 3

The criterion introduces the important notion of the
“potential […] to reduce emissions”: “Quantities of allowances
to be allocated shall be consistent with the potential, including
the technological potential, of activities covered by the scheme
to reduce emissions. Member State may base their distribu-
tion of allowances on average emissions of GHGs by product
in each activity and achievable progress in each activity.”

Annex III does not define the potential but the guidance
considerably clarifies the concept. The Commission computes
the potential as the product of three factors namely the emis-
sions during a reference year, the GDP growth and the carbon
intensity improvement. Carbon intensity is the ratio between
the emissions of carbon and GDP. The first factor is meant to be
reference emissions; the second factor (economic growth) is ex-
pected to increase emissions; the reduction of carbon intensity
should over compensate the increase due to GDP growth. The
economic services of the Commission issue forecasts of GDP
growth to which the decisions on NAP proposals refer. Carbon
intensity is a more difficult matter and is discussed in Section 3.
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Criterion 5

Criterion 5 requires that the allocation of allowances to
individual installations does not unduly favor activities or
individual installations. “The plan shall not discriminate
between companies or sectors in such a way as to unduly favor
certain undertakings or activities in accordance with the
requirements of the Treaty, in particular Articles 87 and 88
thereof.”

The reference to State Aid (Articles 87 and 88 of the
Treaty) will be crucial in the following. The guidance does not
elaborate on it. It simply notes: “normal State Aid rules will
apply.”

Criterion 6

The criterion requires that the NAPs explain how new
entrants can participate to the EU ETS. The guidance lists
three possibilities: entrants can buy allowances on the market,
receive them from a reserve or buy them in an auction. The
guidance allows for the creation of a reserve for new entrants
but opposes different reserves dedicated to particular classes
of entrants.

Criterion 10

The criterion requires that Member States list the installa-
tions covered and the allocated quantities of allowances. Even
though this criterion appears purely technical, several Member
States did not provide the required information in the NAP
proposals of the second trading period.

Criterion 12

The Linking Directive (2004/101/EC) introduced the possi-
bility for installations to participate in the Kyoto flexibility
mechanisms. This is now stated in Article 11a and 11b
mentioned above. Criterion 12 restricts these instruments to
remain “supplemental.” The Kyoto Protocol and related deci-
sions introduced this restriction but did not quantify it. The
guidance notes that it remained non-quantified so far but does
not offer any additional insight on the matter.
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Discussion

The NAPs give a considerable amount of assets for free.
The first compliance period shows that their value can be
quite volatile; this value should become considerable in the
future because of tightening carbon constraints. Any rule for
allocating these assets has an impact on the incentives of
economic agents to invest and operate. This, in turn, induces
pressure from stakeholders to influence these rules to their
advantage. The allocation rules implicit in the NAP proposals
generated considerable academic debates to assess their pros
and cons in terms of general economic efficiency. Particular
questions such as the so called “windfall profits” of generators
focused the attention of observers but are not discussed in
this paper except for a brief mention in the conclusion. The
“learning by doing” process sometimes invoked by the
Commission may explain these debates and questions. It also
introduced considerable regulatory risk in the market. Risk is
unavoidable in a competitive economy and risk trading is a
natural way to mitigate it. But the introduction of unnecessary
(that is without any economic or environmental benefit) regu-
latory risk is a nuisance except for those whose business is to
trade these risks. As we shall argue (and is largely obvious),
the volatility of the price of allowances observed during the
first compliance period is unrelated to the fundamentals of
global change. It was generated by the rules of the ETS and its
sole effect in terms of the long-term reduction of emissions is
to cloud the price signal sent to investors of the covered
sectors. The analysis of this regulatory risk is the focal point
of this paper. We begin by an analysis of criterion 3 of
Annex III that determines the reduction potential that the
NAPs should take into account. We shall argue later that the
implementation of criterion 3 creates unnecessary risk.

3. Criterion 3 of Annex III

Criterion 3 plays a central role in the review of the NAPs
by the Commission. Various authors had scrutinized the NAP
proposals before the Commission’s decisions and concluded
that they over-allocate allowances (e.g. Neuhoff et al. 2006a,
Rogge et al. 2006). Alternatively Ellerman and Buchner (2006)
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concentrate on 2005 emission data and argue that concluding
to over-allocation ex post is difficult. Identifying an over-alloca-
tion ex ante should therefore be more difficult. Criterion 3 is
meant to settle the issue and it is obviously interesting to see
how it does so. Criterion 3 offers a definition of over-allocation:
there is over-allocation when the cap exceeds the “potential […]
to reduce emissions” (criterion 3). The guidance transforms this
definition into a measure. The “potential […] to reduce emis-
sions” is the product of three factors: the emissions during a
reference year, a forecast of GDP growth between the reference
and the target years and a forecast of carbon efficiency
improvement between these two years. This section describes
and comments this measure: we argue that each of these
numbers covers a fundamentally uncertain reality.

3.1. Emissions in the Reference Year

The monitoring system put in place by Decisions 93/389/
EEC and 280/2004/EC allows for an accurate measure of emis-
sions. Annexes IV and V of the Directive 2003/87/EC elaborate
on the principles for monitoring, reporting and verifying emis-
sion measurements. It is certainly legitimate to refer to verified
emissions in a reference year. It is different to imply, as the guid-
ance implicitly assume without any further proof and the deci-
sions EC 2006b to EC 2006h (see p. 84) confirm, that emissions
in a reference year are in some sense reference emissions. This
gives the single observation of a random phenomenon a role
that it cannot have. The following easy comparison will make
the matter clear: the measured average temperature during a ref-
erence year is in no way a reference temperature because average
yearly temperature is random. Similarly, yearly emissions are by
nature random: they vary with events that affect combustion
installations such as temperature, fuel prices or even shifts in
economic activity inside a global activity (GDP) level. Measured
emissions in a reference year give one observation of that
random phenomenon; they are not reference emissions.

3.2. GDP Forecast

The economic services of the Commission regularly
produce forecasts of economic growth. A forecast is not an
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observation but an assessment of an uncertain future. It is
thus also by nature uncertain. GDP forecasts of the past allow
one to assess the uncertainty attached to this operation.
Discrepancies between forecasts and realizations are inevit-
able. They are taken into account by governments when they
plan their budget on the basis of GDP (and other elements)
forecasts, and adjust them after they observe real GDP. As we
shall see later, Directive 2003/87/EC does not allow for such ex
post adaptations of the NAPs.

3.3. Carbon Intensity Forecast

Carbon intensity improvement is the most puzzling of the
three elements appearing in the computation of the “potential
[…] to reduce emissions.” Carbon intensity is the ratio between
the total emissions of the economy and GDP. The guidance
only gives general indications on future carbon intensity:
Table 1 is reproduced from EC2005 for which the Commission
notes: “the following table indicates that this trend [of carbon
intensity improvement] is likely to remain stable in the course
of the ongoing decade [2000 to 2010]. It needs to be empha-
sized that the estimates for the period 2000 to 2010 do not
account for the incentives created by the first phase of the EU
ETS and are therefore very likely to underestimate the actual
reduction in carbon intensity during that period.”
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Annual GDP Annual carbon
Combined net effect

change (in %) intensity
on annual emissions

trend (in %)

Actual development 1990 to 2000

EU-25 2.0 2.3 – 0.3

EU-15 2.0 1.9 0.1

New Member States 1.7 3.9 – 2.2

Estimated development 2000 to 2010

EU-25 2.5 2.2 0.3

EU-15 2.4 2.1 0.3

New Member States 3.8 3.6 0.2

Table 1. Historic and Estimated GDP Growth Rates
and Carbon Intensity Trends (from EC 2005)
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Ellerman and Buchner (2006) suggest that things may be
more complicated. These authors examine the allocation of
the allowances in the first year of the first trading phase. They
investigate whether allowances were over-allocated in the
first phase and if the high prices of CO2 allowances led to
significant reductions of emissions. In the course of their
analysis they report EEA observations of yearly carbon
intensity improvement for EU-15: the carbon intensity
improvement was 2.3% in 1995-2000 and dropped to 0.5% in
2000-2005. For EU-23 (EU-25 minus Cyprus and Malta as in
Ellerman and Buchner 2006) it dropped from 2.7% in 1995-
2000 to 0.8% in 2000-2004. This drop of carbon intensity
does not strictly contradict the figures of Table 1 and the
statement: “this trend [carbon intensity improvement] is likely
to remain stable in the course of the ongoing decade [2000 to
2010]”.

It is indeed possible to compensate a drop of carbon inten-
sity in 2000-2005 by a better performance in 2005-2010 so
that the average trend over 2000-2010 is maintained. It is
however quite doubtful that this is the type of forecast that
the Commission had in mind in 2005 when drawing Table 1:
one cannot make such a detailed forecast with any degree of
confidence.

The analysis of Ellerman and Buchner (2006) reveals
another message. These authors also try to assess the
reduction of carbon emissions that could have resulted from
the high prices of the first year of the first compliance period.
They conclude: “Until better estimates based on more detailed
country- and sector-specific research have been done, it is
not possible to make a reliable estimate of abatement.
Nevertheless, it is unlikely that there was no abatement in
2005.”

In a related presentation, Ellerman (2006) concludes simi-
larly: “Lack of reliable historical data makes abatement esti-
mates difficult. Hard to believe none […]. Perhaps 50-70 MT
CO2.”

If an in depth, ex post estimate of abatement cannot go
beyond this soft conclusion, one may certainly question the
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ex ante assessment of sectoral reductions made by the
Commission and the resulting announced improvement of
carbon intensity. Here more than elsewhere, it is crucial to
recognize the uncertain character of the prognoses of carbon
intensity improvements.

The particular case of the power sector illustrates how
wrong forecast of carbon intensity can be. The common
wisdom before 2005, that is before the inception of the EU
ETS, was that reductions of emissions would primarily origi-
nate from the displacement of coal by gas generation in the
power sector. The reasoning may have neglected some restric-
tions imposed by the grid on these substitutions, but it
captured a real fundamental phenomenon. Operating gas units
in base load to substitute coal units reduces emissions and the
economics of gas and coal generation at the time made this a
very plausible phenomenon. Switching coal and gas requires
allowance prices to align on or be higher than the switching
price that equalizes the total variable cost of gas and coal
plants. In the beginning of 2004, that is, in the year that
preceded the inception of the EU ETS, a null permit price
would do the job: gas price was low and coal price exception-
ally high. Exactly the opposite happened in 2005 and 2006.
Gas prices increased in the year 2005 with the result that coal
use did not decrease but increased. The carbon intensity of
the power sector, far from improving as expected, deteriorated.
Figures 1, 2 and 3 report computed switching prices for
different assumptions of plant efficiency and gas price obser-
vations (German border and Zeebrugge) during the first
18 months of the EU ETS. Coal price was taken in the ARA
region (Antwerp, Rotterdam and Amsterdam), gas price was
observed both on the spot market in Zeebrugge and on long-
term contracts at the German border (the huge difference of
price simply reflects the very imperfect arbitrage between
these markets in today’s European gas market). Coal efficien-
cies are taken as 37% for existing plants and 46% for new
plants. Combined cycle units efficiencies are 49 and 57%
respectively. In almost all cases and periods, the price of CO2
remained inferior to what would have been needed to induce
the desired substitution.
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Figure 1. CCGT@49/coal@37 and CO2

CO2ARA and Zee ARA and German Boarder

Figure 2. CCGT@57/coal@37 and CO2

CO2ARA and Zee ARA and German Boarder

Figure 3. CCGT@57/coal@46 and CO2

CO2ARA and Zee ARA and German Boarder
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Forecasting errors do not signal any particular incompe-
tence or complacency on the part of the forecasters. Carbon
intensity depends on many factors and is intrinsically difficult
to forecast. It is a fundamentally uncertain element: it is
important to realize that it cannot be assessed precisely.

3.4. Conclusion

The “potential […] to reduce emissions” plays a central role
in the assessment of the NAP proposals by the Commission.
The guidance introduces a very precise definition of this poten-
tial: it is the product of three factors. But each factor is funda-
mentally uncertain with the result that the computed potential
is affected by the model and parameter risks that serve to evalu-
ate them. The guidance overlooks that uncertainty. It presents a
forecast as a certain fact: this is at best spurious accuracy, proba-
bly misleading information. We shall see that the decisions of
the Commission go much deeper in this approach.

4. Kyoto Flexibility Mechanisms:
How Supplemental Should they be?

Scenarios on the restructuring of the European energy sys-
tem suggest that reduction potentials are not identical through-
out the world. Carbon emissions per capita and total emissions
are today higher in OECD than in non-OECD. But the energy
system of non-OECD is less efficient, therefore offering possibil-
ities for cheaper emission reductions. Including non-OECD in
the game therefore enhances the scope of a cap and trade sys-
tem and hence also its efficiency. The wider the scheme,
whether in terms of geographic, sector or greenhouse gas cover-
age, the higher the potential to call upon cheap emission reduc-
tions and the lower the overall compliance cost. Recitals (18),
(19) and (22) of the Directive recognize this basic property. The
Directive accounts for it in at least two ways. Article 25 foresees
the extension of the scheme to other cap and trade systems:
“agreements should be concluded with third countries listed in
Annex B of the Kyoto Protocol which have ratified the protocol
to provide for mutual recognition of allowances.”

The Directive also allows for a direct interaction with the
Kyoto mechanisms: Member States may allow operators of the

D e s c r i p t i o n a n d A s s e s s m e n t o f E U C O 2 R e g u l at i o n s 41

 
©   Ifri, 2008 
  

 ©
   

Ifr
i, 

20
08

 
 

 



 ©
   

Ifr
i, 

20
08

 
 

 

covered installations to resort to CDMs and JIs (Articles 11a,
11b, 21, 21a). The reality of the extension to other cap and
trade systems must wait for these to be created. In contrast,
the use of Kyoto mechanisms is already in place and will be
extended from 2008 on.

It is useful to mention at the outset that flexibility mecha-
nisms are not of the same nature as allowances. Agents submit
CDM and JI projects that are scrutinized by an executive board
that decide whether to accept or reject them. As with all
committees, there is thus a certain character of opaqueness
with these decisions. The precise value of these projects is also
not as sure as the one of an allowance. In other words, CDM
and JI projects are imperfect substitutes for allowances. In the
absence of anything better, we neglect this imperfection in the
rest of the discussion.

As the decision on NAP proposals reveal, registries intro-
duce a third, direct and important link between EU ETS allo-
wances created by the NAPs and Kyoto AAUs: an allowance is
just a special AAU. Hartridge (2006) argues that this link was
intended from the beginning. As we shall see later, it has dra-
matic consequences when referring to State Aids.

Neglecting the imperfect substitutability mentioned above,
a standard economic reasoning suggests that the recourse to
Kyoto flexibility mechanisms should be as broad as possible.
We recalled in Section 2 that a cap and trade system equalizes
the marginal cost of emission reductions of the participants to
the trading mechanism and hence minimizes the compliance
cost among participants. The reasoning extends to the inser-
tion of a supply of allowances created from inexpensive CDMs
and JIs in the scheme. Assuming that the potential of low cost
reductions from these sources is sufficiently large and not
fully exploited, then the marginal cost of reduction is the one
of these sources. Any limitation of the recourse to low cost
sources saturates this potential for inexpensive reductions and
increases the marginal cost of further abatement. This increases
the overall compliance cost: the higher the limitation, the
higher the cost of domestic abatement.

The scenarios suggest that the period 2008-2012 offers com-
paratively limited reduction possibilities in OECD because
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capacities and technologies are largely fixed. But the potential
of inexpensive reduction sources may be higher in non-OECD
both because the energy system is currently less efficient and
because Kyoto flexibility mechanisms cover other GHGs than
CO2 for which inexpensive reduction possibilities exist. This
justifies making the recourse to flexibility mechanism as broad
as possible. Others counter the reasoning. They argue of the
long-term aspect of the problem and claim that the investments
necessary for a transition towards a low carbon economy
require high carbon prices right now. They consequently recom-
mend limiting the recourse to flexibility mechanisms.

4.1. The Directive and the Guidance
Divergences of opinions on the recourse to flexibility

mechanisms were already apparent in the debates that led to
Directive 2003/87/EC as they were in the discussion of “Kyoto.”
The industry favored the additional flexibility but other
groups opposed it. The end result was a compromise where
CERs and JIs were to remain “supplemental.” Articles 11a and
11b of the Directive allow for the use of flexibility mecha-
nisms but also exclude some activities from these projects.
Criterion 12 of Annex III of the Directive further constraints
the NAPs as follows: “The Plan shall specify the maximum
amount of CERs and ERUs which may be used by operators
in the Community scheme as a percentage of the allocation of
the allowances to each installation. The percentage shall be
consistent with the Member State’s supplementary obligation
under the Kyoto Protocol and decisions adopted pursuant to
the UNFCCC or the Kyoto Protocol.”

The guidance does not offer more precision on this restric-
tion: it recalls that the notion of supplemental remains non-
quantified. Confirming the duality of objectives found in
recital (19) of the Directive, it restates the conflicting desire to
resort to flexibility mechanisms while at the same time
limiting their role: “no quantitative definition of the supple-
mentary obligation is available in the Kyoto Protocol or the
UNFCCC […] It should also be noted that the meeting of the
conference of the parties to the Kyoto Protocol in Montreal
took a range of important decisions to stimulate the use of
CDMs, to which EU emission trading can contribute.”
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4.2. The General Comments
Commentators of the NAPs generally insist on a strict

interpretation of “supplementarity.” Their analysis does not
offer any particular reasoning besides the common claim that
the EU should reduce its domestic emissions.

4.3. The Decisions

The guidance remains rather vague as to what “supple-
mental” exactly means but the decisions of the Commission
are extremely precise. The Swedish case (EC 2006g) offers a
remarkable example of the reasoning: “In the absence of a
quantified figure for supplementarity, the Commission applies
a formula which takes into account the effort undertaken by
each Member State, which is expressed in terms of the differ-
ence between actual emission and the absolute Kyoto commit-
ment and the intended government purchase of Kyoto units
to the extent that it is sufficiently substantiated […]. The
Commission holds that the notion of supplementarity implies
that in any event that use by operators may not lead to a situ-
ation where more than half of the effort undertaken by a
Member State, taking into account government purchase, is
made through Kyoto flexible mechanisms.”

Supplementarity is here clearly defined: the total recourse
to Kyoto mechanisms by the government and the covered
installations cannot exceed more than 50% of the effort neces-
sary to reach Kyoto objective. The same Swedish case also
illustrates the ad hoc character of this quantification. “In appli-
cation of this method, Sweden has no effort to undertake so
50% of the effort […] would be 0%. In other words, Sweden
would not be entitled to any use by operators of Kyoto units.
However, the Commission recognizes the general importance
of promoting the international carbon market […]. Conse-
quently the Commission considers that irrespective of the
effort undertaken and the volume of government purchase,
every Member State may allow its operators to use CERs and
ERUs up to a maximum relative threshold of 10%.”

In other words a Member State that already satisfies its
Kyoto target would not be able to resort to the flexibility
mechanisms to go beyond this target. The Commission recog-
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nizes that this restriction is difficult to justify and modifies
the rule to remove it. It then introduces a limit that the
Swedish NAP proposal does not meet and concludes that
Sweden contravenes criterion 12.

4.4. Conclusion

Kyoto and the ETS require the recourse to Kyoto mecha-
nism to remain supplemental but do not define “supplemen-
tarity.” Many commentators interpreted this requirement in a
strict sense. The decisions confirm this interpretation by
implementing a 50/10% rule. The guidance did not announce
the rule, which one may consider as another example of
unnecessary regulatory risk. One may think that the decision
settles the definition of “supplemental” once for all and hence
eliminates this regulatory risk for the future. The reality is
that we do not know. The Directive will be revised and there
is no indication today as to what “supplementarity” will be
tomorrow. A second remark is that the rule is truly ad hoc and
purely procedural: it is not clear at all why the 50 and 10%
thresholds would in any way contribute to cost effectiveness
as required by Article 1 of the Directive. Neither the rule nor
the decisions shed any light on the fundamental question of
whether it is useful to limit the recourse to flexibility mecha-
nisms in order to efficiently curb emissions. Neglecting the
imperfect substitutability between CERs, ERUs and allowances
mentioned above, first principles suggest that the coverage of
a cap and trade system should be as broad as possible. Any
departure from that basic idea should thus be justified.

5. Allowance Allocation: How Much, Auctioned or Free,
if Free From Whom?

The bulk of the discussion of the NAPs focuses on the
allocation of allowances. Three main questions emerged: how
much allowances should be granted? Should they be given
free or auctioned? If given free, how should they be allocated?
The law and the guidance already touch upon these questions.
Commentators widely intervened to discuss the NAP proposals
before the Commission decisions developed its very elaborate
jurisprudence.
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5.1. Allowance Allocation: How Much?

5.1.1. The problem

A cap and trade system should first impose a cap. This is
far from trivial in the EU ETS. It is the accumulation of GHGs,
not the annual emissions, that causes damages. The cap should
therefore, in principle, be global and bear on the accumulated
amount of GHGs. Many reasons make the selection of an
economically efficient cap impossible. Some relate to funda-
mental science: we do not know enough about climate sensi-
tivity today to determine what this global cap should be.
Others relate to political feasibility. The largest fraction of the
emissions is not yet covered by international accords and the
existing one does not extend beyond 2012. The EU went
beyond Kyoto by foreseeing a horizon after 2012 (Article 11.2)
but the Directive 2003/87/EC does not venture into deter-
mining what this future will be: it foresees a revision of the
Directive entering in force in 2013. Even the present (the two
first compliance phases of Article 11.1 and 11.2) departs from
the textbook description of cap and trade system and creates
unnecessary risk: the EU ETS indeed implies a negotiation of
the cap before the beginning of each compliance period and
the law and the accompanying documents available before the
decisions were far from providing an unambiguous method
for determining this cap (see Section 3). Some authors from
the Commission writing under their own responsibility (Vis
2006, Section 2.1) recognize that the sequencing of the ETS
into compliance phases departs from the fundamental design
of a cap and trade system and has implications in terms of a
cost effective reduction of emissions. They also admit that the
investment process requires a longer horizon. This has conse-
quences: new capacities decided today are indeed the main
engine of the restructuring of our energy infrastructure
tomorrow; they will operate in a carbon world of which we
know essentially nothing except that it should be much less
carbon intensive. New capacities committed in the Kyoto
phase are thus exposed to a considerable regulatory risk when
they come on line. The industry is investing today and will
certainly continue to do so: the question is how (what fuel
mix) and how much (what capacity). Whether this will lead to
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the expected cost effective reduction required by article 1 of
the Directive remains to be assessed: we are not in the stan-
dard static cap and trade market mechanism described in the
textbooks.

The best one can hope for in these conditions is that the
cap set at the beginning of each compliance period determines
a reasonable price signal for the investor. There is obviously
no way to ensure this result or even give a logically consistent
definition of what a “reasonable price signal” is. But practice is
never the same as a textbook: at least one can require that the
price signal that emerges from the two first phases is not
completely clouded by noisy components. We shall argue in
this section that the price signal was unnecessarily noisy in
the first compliance period and that we face the same risk in
the second compliance period.

5.1.2. The comments of external observers

A problem of timing

Observers generally commented that the total allocations
initially submitted to the Commission were too high and
hence that the reduction of allowances in the covered sectors
was insufficient. The typical reasoning is that the cap creates
scarcity and hence that a sufficiently tight cap is necessary to
induce the evolution towards a low carbon system: the NAPs
of the first trading were too generous and the same is true for
the second period. Neuhoff et al. (2006a) offer an elaborate
discussion of that position: they claim that “the volume of
allowances allocated under the currently proposed NAPs for
phase 2 is too high, by comparing the NAPs with CO2 emis-
sions projection scenarios and the history trend of emissions
extrapolated forward.”

Alternative positions are uncommon. We already men-
tioned that Ellerman and Buchner (2006) question the prin-
ciple of an over-allocation in the first phase. As to the general
recommendation to impose a strong reduction, Bouttes et al.
(2006) comment more cautiously: “If targets (i.e. emission
reductions objectives) for a given period must be ‘ambitious
enough’ (i.e. such that they oblige players to achieve reduc-
tions in industrialized countries amount to a 3% average
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decrease yearly), they should not be ‘too ambitious,’ in order
not to drive energy prices up for a small environmental
benefit or/and push into the generating mix certain low
carbon technologies ‘too early,’ i.e. before they are mature for
wide deployment.”

Bouttes et al. (2006) do not question the need to reduce
emissions; they simply caution that the reduction should be
adapted to the arrival of new capacities and the emergence of
new technologies. We elaborate on this argument in the next
subsection.

Quantitative analysis

Analyses of allowance allocations are often mainly descrip-
tive (e.g. Rogge et al. 2006, Ellerman and Buchner 2006).
Neuhoff et al. (2006a) offer an interesting exception. These
authors forecast emissions in the covered sectors using a
model that embeds a technological representation of the
power sector and an econometric description of the consumer
sectors. Their methodology also accounts for some uncertain-
ties inherent to the determination of the total allocation.
Specifically these authors consider different volumes of flexi-
bility mechanisms (CDMs and JIs) and note that these modify
domestic emission reductions and hence the price of
allowances. They conclude at some point: “The results for
2005-2012 illustrate that emission projections are subject to
considerable uncertainty.”

They argue that prices might drop to zero and hence send
a very erroneous signal to investors. We already alluded to the
volatility of the allowance price before and will come back to
the subject when discussing the decision of the Commission.
Neuhoff et al. (2006a) also adopt a forward view that extends
to 2020. As acknowledged in Vis (2006), this longer horizon is
necessary for reasoning in terms of investment. We shall see
that the decisions of the Commission overlook that argument
and systematically restrict its view to the short term.

We concentrate in this section on Neuhoff et al. (2006a)
main conclusion (which is in line with many authors) that the
NAP proposals are too generous: they do not create enough
scarcity and hence do not send the right price signal to the
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investor. We argue that the reasoning is erroneous; as
commented by Bouttes et al. (2006) one should not be “too
ambitious.” In order to see this, consider the very simple
example of a succession of two periods with decreasing
marginal cost of carbon reduction: 20 euro/tonne in the first
period and 10 euro/tonne in the second. This is a stylized view
of the reduction of marginal cost that will occur when moving
from the forthcoming compliance period (2008-2012) where
capacities are largely fixed to the post-Kyoto period that
scenarios tell us will require massive new investments.
Emission reductions accruing from new investments are less
expensive than those obtained with existing capacities (see
Delbeke 2006, p. 4, for a similar comment in relation to invest-
ments in the new Member States). The cost effective solution
is clearly to reduce more in the second period at a cost of 10
and not to reduce in the first period. A signal of 10 euro/tonne
is sufficient to induce investors to undertake the necessary
capacity renewal in the second period. It is also clear that a
price of 20 euro/tonne is necessary in order to force a reduc-
tion in the first compliance period. Fully tradable allowances
would price at 10 euro/tonne today: the price would be equal
in the two periods and settle at the lowest marginal cost, that
is 10 euro/tonne. Allowances would be borrowed from the
second period to cover emissions in the first period. The
absence of reduction in the first period would be compensated
in the second period when new capacities come on line. But
this cost effective solution will not happen because allowances
are not fully tradable between the two periods: they can
be banked from period 1 (2008-2012 in this discussion) to
period 2 (post-Kyoto) but not borrowed from period 2 to
period 1. Emissions will thus be physically reduced in the first
period with at least two drawbacks. First, the initial period
reductions are not cost effective because it is better to wait for
the second period to abate. Second, the first period reductions
are obtained at a marginal cost of 20 euro/tonne that sends a
wrong price signal to the energy users; they see a price of
20 euro/tonne of carbon and a corresponding increase of the
price of electricity while the only economically meaningful
price should be 10 and a lower increase of the price of elec-
tricity. This induces carbon leakage, a phenomenon that is
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definitely not cost effective. In contrast with the common
claim, it is thus not clear at all that it is necessary to send a
high price signal right in the forthcoming 2008-2012 period
when the system only has little flexibility. The price of the
second phase when new investments are possible is the rele-
vant one and the reduction imposed in the first phase have
nothing to do with this efficient price.

5.1.3. The decisions of the Commission

The decisions of the Commission on the NAP proposals
are generally in line with the analysis of the external commen-
tators: the total proposed allocation of allowances is often
judged too high and should be reduced. The Commission
arrives to this conclusion through a very systematic reasoning
that, interestingly, largely differs from academic arguments.
The Commission applies criteria 1, 2 and 3, as foreseen in the
guidance, to determine a possible over-allocation. It also takes
the opportunity of these decisions to considerably develop the
interpretation of these criteria. As a result the Commission
found a violation of these criteria in Germany, Greece, Latvia,
Luxembourg and Sweden (5 out of 7 decisions in November
2006). In all these cases, it found a violation of criterion 3,
that is a failure to match the reduction potential. We briefly
review the reasoning of the Commission.

Criterion 1

The Commission found a failure to meet Kyoto objective
because of unsubstantiated measures in Germany, Greece and
Ireland. This results from (i) a lack of justification of intended
reductions in the non-trading sectors and/or (ii) non-substan-
tiated government plans for acquiring Kyoto units. In both
cases, the Commission reallocates the claimed but insuffi-
ciently substantiated reductions to the ETS in proportion to
the emissions of GHGs by the ETS and non-ETS sectors. This
reduces the cap in the ETS and leads to the conclusion that
the proposed total allocation is “more than is likely to be
needed” for meeting the Kyoto criterion (one of the criteria of
Annex III). The guidance clearly announced this reasoning
and the decisions of the Commission are fully in line with it.

50 A b at e m e n t o f C O 2 E m i s s i o n s i n t h e E u r o p e a n U n i o n

 
©   Ifri, 2008 
  

 ©
   

Ifr
i, 

20
08

 
 

 



 ©
   

Ifr
i, 

20
08

 
 

 

Criterion 2

The Commission found that the allocation is more
than projected emissions in Germany, Greece, Latvia and
Luxembourg. Again, these conclusions are in line with the
guidance.

Criterion 3

The Commission found that the allocation is more than
what is potentially possible to reduce in Germany, Greece,
Latvia, Luxembourg and Sweden. The guidance announced
the reasoning but the decisions considerably elaborate on it.
In her reasoning, the Commission first computes the potential
to reduce emissions in 2010. As announced in the guidance, it
is a product of three factors: (i) the emissions in 2005 taken as
the reference year, (ii) a forecast of GDP growth between 2005
and 2010 and (iii) a forecast of carbon intensity improvement
between 2005 and 2010. The innovation lies in the computa-
tion of some of these factors. We briefly discuss these three
points.

The reference year

2005 is taken as the reference year in all decisions. The
argument is that it is the first year for which emissions have
been “independently and consistently verified.” Attempts by
Member States to invoke another year are rejected on the basis
that the measurement was not equally reliable in these years.
The argument of “independently and consistently verified”
emissions is compelling but should not be taken for more than
what it is. It guarantees the quality of the measurement; it does
not imply that carefully measured emissions in 2005 constitute
reference emissions or that there exists such things like
reference emissions for computing the reduction potential.
Specifically, a statement (e.g. EC 2006b, recital 7, as well as in
many other decisions) such as: “However, in each year there are
several factors, including weather patterns, influencing aggre-
gate emissions that generally balance each other out over one
year in their effects on total annual emissions” is in no way
certain. It is possible, but certainly not proven in the decisions,
that these different factors “generally balance each other out
over one year in their effects on total annual emissions.”
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The reality, unless proven otherwise, is that yearly emis-
sions are very much like yearly temperature, that is, uncertain
by nature. They are subject to factors that do not necessarily
balance each other out. The fact that they can be measured
with great accuracy in a given year does not eliminate this
fundamental uncertainty. The only claim one can make is that
we have an accurate measurement of one realization of a
fundamentally uncertain phenomenon. Moreover the recogni-
tion by the Commission that the year 2005 is the only one for
which we have accurate measurements makes it logically
impossible to verify the claim that the impact of these effects
generally balance out over one year.

The Commission statement that 2005 was a normal year
is also interesting to note. The Commission does not offer any
proof that 2005 is a “normal year”; one can at least note that
the evolution of the price of gas in 2005 was certainly not
normal as it reversed the view of combined cycle gas turbines
(CCGTs) as a “miracle technology” that had prevailed since
about 15 years. But the really important point is that it is
somewhat irrelevant to know whether 2005 was a normal year
or not. Specifically, the reference to a normal year implicit in
the sentence (EC 2006g, recital 6) “Only the long term average
can constitute a valid reference point” is erroneous at least
with respect to its use by the Commission for computing the
“potential […] to reduce emissions.” It is not true that an
average, whether long or short term constitutes a valid refer-
ence point for describing a phenomenon that is by essence
uncertain. It is only correct if that randomness and its conse-
quences are not important. Those who died because of an
exceptionally hot month of July are no longer here to agree
that “only the long term average (temperature in July) can
constitute a valid reference point.” Similarly, equipments
designed with respect to long run average conditions crash
under stress. The relevant criterion is how one may diverge
from the long-term (or even short-term in case of rapid climate
change) average and what the consequences of this divergence
are. Averages can be used for computing averages; they are
useless for setting a target or a design. This is an error, which
depending on the extent of possible deviations with respect to
long-term averages can have important consequences.
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The growth rate

The recourse to GDP forecast in the decision follows the
practice announced in the guidance. Our remark of Section 3.2
applies as such: a forecast is by nature uncertain and should
be treated as such.

Carbon intensity improvement

The decisions considerably expand on the description of
the computation of the carbon intensity improvement in the
guidance. The forecast is taken from a low carbon scenario
obtained with the PRIMES model, to which the Commission
adds an amount of 0.5%. The recourse to a model is unavoid-
able here (as it is for forecasting GDP growth) and PRIMES
probably offers the best guarantees for the task. But again the
figures produced by PRIMES, or by any other model for that
matter, should not be taken for more than what they are.
Consider the reasoning of the Commission (e.g. EC 2006b,
recital 11 and 13): “The introduction of the Community
scheme in 2005 and the strong commitment by the EU and
Member States to combat climate change provide a clear and
sustained signal to installations covered by the Community
scheme that there is an economic cost to emitting greenhouse
gases, which will become even more important in the future.
This reinforced long-term economic incentives to reduce
emissions. As a consequence, carbon intensity will improve
over time at least at rate as indicated in the ‘low carbon
constraint/no CCS-case’” (recital 11). “While the ‘low carbon
constraint’ under the Community scheme leads at EU level to
an average annual improvement rate in carbon intensity of
2.37%, the Commission considers that the magnitude and
importance of additional measures identified in the new
Energy Efficiency Action Plan justify in principle assuming a
similar quantitative effect for the latter. Recognizing however
the potential partial overlaps between both policy instruments
and also that not all the measures identified in the Energy
Efficiency Action Plan may be fully implemented by 2010,
the Commission considers that the corresponding additional
average annual rate for carbon intensity improvement should
be adjusted downward” (recital 13).
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In short the carbon intensity improvement is obtained
from a scenario of a model to which one adds a round number
(0.5%). Whatever the faith that one may have in model results,
the whole reasoning is loose and possibly logically wrong: one
assumes a constraint (the “low carbon constraint” scenario) to
derive a potential for reduction that is then used to estimate
the constraint (the cap)! The softness of the argument is not
surprising: as argued in Section 3.2, carbon intensity improve-
ment is particularly difficult to forecast. We understand rela-
tively well the power sector but can still err significantly when
forecasting the evolution of its carbon intensity; fuel prices
evolutions and cross-border trade complicate the task even
though we understand their underlying mechanisms reason-
ably well. In contrast our understanding of the reaction of the
industrial sectors to carbon and fuel price changes is murky.
The non-quantitative reader will usefully consult a relatively
recent report produced by the Commission and others (DG-
ENV et al. 2006) to appraise the state of our knowledge on the
matter. The more quantitatively oriented reader will consult
Reinaud (2004) and wonder whether this is really all we know.
One will not find much more technical information on the
energy consuming sectors in the special issue “Emission
Trading and Competitiveness” of Climate Policy (Grubb and
Neuhoff 2006b). Model oriented readers will go the compar-
ison of climate change models in the special issue of the
Energy Journal edited by Edenhofer et al. (2006) to seek (in
vain) a good representation of the consuming sectors. The
PRIMES model used by the Commission is unlikely to be an
exception except for the difficulty of judging its content on
the basis of publicly available papers. The reader can consult
Mantzos and Capros (undated) or any other PRIMES docu-
ment discovered by Google and decide for his/her own the
extent to which he/she believes that the results of the model
justify the six digit carbon intensive improvement (e.g.
– 14.9774% for Germany) announced by the Commission in
its decisions. Even the State of the Art cannot give more than
what is possible. Here again carbon intensity improvement is
by nature an uncertain element that the Commission treats as
certain. The phenomenon is real, but its quantification by the
Commission is not.
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1. These are available from Nordel’s webpage, <www.nordel.org/Content/Default.asp?
PageID=127>.

Illustration

Replacing uncertain quantities by averages or fixed values
has an impact. The case of the Swedish initial NAP illustrates
the point. The Commission found the initial allocation in viola-
tion of criterion 3 and concluded to an “annual average excess
allocation” of 2.397561 millions tonnes. It accordingly demanded
Sweden to reduce its allocation plan by that amount. As in
the other decisions, the Commission computed the “potential
[…] to reduce emissions” on the basis of the emissions in the
reference year, a forecast of GDP and a forecast of carbon effi-
ciency between 2005 and 2010. We do not elaborate here on
GDP growth and carbon intensity improvement, which are by
nature uncertain. We instead concentrate on what appears to be
the most objective factor namely “independently and consis-
tently verified” emissions. Swedish emissions in a year depend
on hydro generation. Table 1 in the appendix reports hydro gen-
eration and capacities found in Nordel annual reports of the last
20 years.1 In order to make the years 1978 to 2005 as compa-
rable as possible we compute a capacity adjusted generation in
each year (see Table 1). We then derive on that basis the average
hydro generation and its standard deviation (the square root of
the variance) observed in these different years. The average
hydro generation (in rounded number) amounts to 65 TWh
while the standard deviation is 6.7 TWh. A compliance period
lasts 5 years during which variations of hydro generation can
also balance each other out. Assuming independent hydro gen-
eration through the compliance period in order to account for
that effect, the hydro variability amounts to 3 TWh per year
(6689.466]5). The 2005 hydro generation deviates by close to
twice this amount from the long-term average of 65 TWh.
Except for other information not mentioned in the decision, the
statement of the Commission that “hydro production in 2005
can be regarded as representative” is thus at best intriguing.
A possible explanation to this statement is that it reflects the
politically motivated will to apply the same approach in all
Member States (e.g. recital 2 in the Swedish decision, which is
repeated in all decisions). The figures point to another more
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fundamental problem. Suppose a coal emission of 1 tonne of
CO2 per MWh. A standard deviation of 3 TWh amounts to a
deviation of CO2 emissions of 3 million tonnes. This is higher
than the “potential […] to reduce” computed by the Commission
of 2.4 million tonnes (2.397561 million tonnes is the figure of
the Commission) and this, before any deviation resulting from
the use of GDP growth and carbon intensity improvement fore-
cast is taken into account. One standard deviation is not much
in statistical terms and variations by that amount are frequent.
This suggests that the potential for reduction found by the
Commission only has the appearance of rigor: it is a rigorous
application of a non-rigorous methodology. The computation is
correct but the logic is flawed. The problem is fundamental:
there is no such thing as physical or economic reference emis-
sions on the basis of which the potential for reduction in the
short run (e.g. 5 years) can be computed. Deviations will bal-
ance each other out over the long run but not necessarily in
periods as short as 5 years. This brings us back to a situation
akin to the one seen during the first compliance period as we
now discuss.

The price of CO2 allowances in the first compliance period
has been quite volatile without this volatility having anything
to do with climate change fundamentals. Prices reacted to
innovations in the market but there was no new information
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Figure 4. Reports the Now Well-publicized Evolution of the CO2 Price
Till the Beginning of 2007
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on low carbon technology or climate sensitivity that justified
carbon prices ranging from 30 to less than 1 euro/tonne in
less than a year. The observed volatility was entirely due to
the functioning of the EU ETS, namely information on the
amount of allowances available in the first compliance period.
Prices jumped up and down with news on NAP acceptance by
the Commission until they crashed with information on the
low consumption of allowances and continued declining as
the mild weather persisted. They remained close to zero after-
wards. Because innovations were internal to the EU ETS and
independent of the fundamentals of climate change, the price
signal was blurred and cost effectiveness in disarray. This can
happen again if the “potential […] to reduce emissions,” which
is in fact uncertain, is taken as, done in the decisions, as hard
fact. Prices will tumble if the real potential is higher than the
computed one; they will surge otherwise. Weather and fuel
prices of the year, not their “long term average,” will influence
the emissions. This volatility will be good for some traders
and bad for others. But it will have little to do with the long-
term price signal that needs to be sent to investors in physical
assets to develop the infrastructure that will mitigate climate
change. Again this is not surprising: it is technically difficult
to decompose a long-term reduction objective (e.g. a factor 4
reduction) into a sequence of shorter term abatements (by
5 year periods) in a cost effective way. It is impossible to do so
with the view of sending an economically meaningful price
signal without allowing full arbitrage between compliance
periods, something which is not permitted in the Directive.
This difficulty is the consequence of replacing the static cap
of the textbook and the US acid rain program (Ellerman et al.
2000) by a sequence of period specific negotiated caps.

In conclusion the potential of reduction that drives all the
Commission’s decisions should at least be constructed taking
into account the contingencies that affect this potential. If un-
certainty is high, one should assess (using models) the volatility
of the price of allowances that these contingencies imply. If this
price volatility is also high, then one will need to conclude that
the price signal sent to investors is the result of regulatory risk
but is unrelated to climate change fundamentals. Such prices
are essentially useless for driving investments in capacities.

D e s c r i p t i o n a n d A s s e s s m e n t o f E U C O 2 R e g u l at i o n s 57

 
©   Ifri, 2008 
  

 ©
   

Ifr
i, 

20
08

 
 

 



 ©
   

Ifr
i, 

20
08

 
 

 

5.2. Auctioned or Granted Free

The Directive requires that NAP specify the amount of al-
lowances to be auctioned. It also set stringent upper bounds on
the amount of auctioning in the two first trading periods.
Article 10 states: “for the three-year period beginning 1 January
2005 Member States shall allocate at least 95% of the allo-
wances free of charge. For the first five years beginning
1 January 2008, Member States shall allocate at least 90% of the
allowances free of charge.”

Besides this general constraint on auctioning, the Directive
leaves considerable freedom to Member States as to how they
allocate allowances. This may change in the post-Kyoto period
as announced by Article 30.2 section c: “further harmonization
of the method of allocation (including auctioning for the time
after 2012) and of the criteria for National Allocation Plans
referred to in Annex III.”

Auctions are now a standard economic subject and the
reader can refer to many specialized texts to find relevant
information. Methods for allocating free allowances are
specific to combustion installations and hence deserve a brief
presentation. A first approach is to grant allowances propor-
tionally to the capacity of the plant. In this case, a plant
receives allowances per MW irrespective of its type and of the
fuel used. A second method let the amount of allowances per
MW depend on the type of plant: coal plants typically receive
more allowances than gas units. The difference can be based
on the sole type of fuel used or also include the expected
number of hours of operations. Existing plants may also
receive allowances on the basis of their historical or foreseen
emissions. New plants can receive allowances on the basis of
foreseen emissions.

5.2.1. Outsider’s comments
The standard rule is that the allocation method does not

matter if allocation is once for all. The reality is that there is
an effect on investment in a system that, like the EU ETS,
proceeds by repeated reallocation. Academic observers gener-
ally oppose free allowances. One distinguishes two types of
arguments that classically refer to a “first best” and “second
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best” functioning of the economy. Arguments of the second
best type are of a general nature; they apply whatever the
sector and refer to an economy subject to distortions. The
basic reasoning is as follows. Governments collect revenue
through taxes. Taxes distort prices and hence are at the origin
of additional costs in the economy. In contrast, auctions
procure revenue to the government without distortion. This
justifies replacing economically inefficient taxes by economi-
cally efficient auctions. The reasoning led in the past to the
notion of the double dividend and has now taken a more
sophisticated form. Cramton and Kerr (2002) provide a full
discussion of this line of argument.

Most of the arguments against free allocations offered in
the EU ETS context are of the “first best” type. They refer to
an efficient economy and argue that free allowances introduce
economic distortions. These can be of different types such as
distortions in plant operation, decisions to invest new units or
close down old units. In contrast, auctions are perfectly neutral
with respect to incentives. Academic authors generally concur
on these views. Bouttes et al. (2006) joins them and argues:
“For basic reasons of incentives, new projects should pay for
their emissions (or receive free allocation but according to a
unique benchmarking for all new projects, with no discrimi-
nations between emitting and non-emitting technologies).
Existing plants may receive free allocations according to a
grandfathering role. But this should be done once for all, as
with the US SO2 market.”

5.2.2. The decisions of the Commission

The guidance adds little to the Directive on the recourse to
auctioned or free allowances. In contrast, the decisions of the
Commission introduce a major advance in the reasoning. The
Commission invokes criterion 5 of Annex III in an innovative
way. It takes stock of the equivalence between the Kyoto and
ETS commodities (allowance, CERs, ERUs and AAUs) created
by the Directive and reinforced by the functioning of the
monitoring system (Hartridge 2006) and invokes article 87
and 88 of the Treaty to develop a potentially very far reaching
argument of State Aid. The principle goes as follows (e.g. EC
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2006b, recital 19; this argument is repeated in all decisions):
“the Commission considers that the allocation of allowances
free of charge to certain activities confers a selective economic
advantage to undertakings which has the potential to distort
competition and affect intra Community trade.”

The full argument is summarized in this extract (e.g. EC
2006b, recital 19; this argument is repeated in all decisions):
“The allocation of allowances for free appears to be imputable
to the Member State and to entail the use of State resources to
the extent that more than 90% of allowances are given for free.
The aspects of imputability and State resources are further
strengthened in the second trading period as the participation
as of 2008 in international emission trading and in the other
flexible mechanisms [...] enables the Member States to take fur-
ther discretionary decisions influencing their budgets and the
number of allowances granted to industry. In particular, as all
allocations must as from the start of the second trading period
be covered by Assigned Amount Units, which are tradable
between contracting parties, any allocation directly reduces the
quantity of AAUs that the MS can sell to other contracting par-
ties or increases the need to buy such AAUs.”

The logic of the reasoning is overwhelming. By granting
free allowances a Member State limits its possibilities to ex-
change Allocation Amounts Units in the Kyoto trading system
and hence directly influences its general budget. Allowances
granted free are thus an opportunity cost for the general budget
of the State. The implication is that any free granting of
allowances should be interpreted as a State Aid and hence sub-
ject to the approval of the Commission. The argument places
the Commission in full control of the allocation process.

5.2.3. Conclusion

Academics generally invoke two types of arguments in
favor of auctions and against free allowances. Auctions collect
revenue without creating distortions in the economy and
should thus substitute distortion prone taxes whenever
possible. Free allowances create their own distortion to incen-
tive to invest and operate efficiently and should thus be
avoided. The decisions of the Commission add an over-
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whelming argument: free allocations constitute a State Aid
that may distort competition between entities and activities.
They can thus only be tolerated if they justify some environ-
mental benefit. In the past, the debates that led to the Directive
revealed the bias of the Parliament towards more auctioning
of allowances. Article 30.2 of the Directive foresees a revision
that will probably reduce the free granting of allowances. How
allowances will be allocated in the future is thus a major ques-
tion and a significant source of risk.

The conclusion of the above discussion is that there seems
to be little argument in favor of free allowances except for the
intriguing experimental fact that they have been the rule so far
in all cap and trade systems. The fact that the EU ETS requires a
repeated allocation should obviously be considered when look-
ing at this dichotomy. In an attempt to reconcile the theory
against free allowances with the practice that they are the rule,
we reason in the following section that current arguments may
suffer from oversimplification. Our reasoning in section 5.3 is
deliberately controversial and we want, if not justify it, at least
motivate it at the outset. We take stock of the fact that the EU
ETS is not the only scheme put in place by European institu-
tions in order to curb emissions. “New policies” pervade the
whole energy environment process. New polities signal the
need to remedy shortcomings of the market, or in other words
the existence of market failures. We conjecture that the combi-
nation of the EU ETS and the restructured electricity maybe
affected by market failures and that these need to be taken into
account in the reasoning on allowance allocations. The argu-
ment by Röller et al. (2007) that market failures may make the
simultaneous pursuit of the three goals of the Commission
(competition, security of supply and sustainability) more diffi-
cult than usually thought and the reaction of the Competition
Commissioner (European Power Daily, Vol. 9, No. 65, 2 April
2007) suggest that a reasoning in terms of market failure is not
easy to convey. We believe that it is sometimes necessary.

5.3. If Free, to Whom?

Allowances that are not auctioned are granted free to
installations. The Directive and criterion 10 impose that the
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NAPs indicate the quantities of free allowances allocated to
each installation. Neither the Directive nor the guidance go
beyond that reporting requirement. The Commission found
violations of criterion 10 in the sense that some Member
States did not submit the whole information. We do not elab-
orate on this issue that seems straightforward to correct.

As argued before, academics object to free allowances in a
repeated allocation on the ground that they distort incentives
in the economy. The decisions of the Commission go much
beyond that academic argument: they assimilate free
allowances to State Aid and on this basis find several viola-
tions of the criteria of Annex III. It is on this innovative argu-
ment that we focus in this section. We proceed from the most
obvious violations to those that raise the most challenging
questions.

5.3.1. Ex post adjustments

The Directive and the criteria (criterion 10) exclude any ex
post adjustment of the allocation of allowances except for the
cases of closure and new entrants (e.g. EC 2006c, recital 21):
“The intention of Greece to adjust the allocation of allowances
[…] contravenes criterion 10 in Annex III to the directive which
requires the quantity of allowances to be allocated to each
installation to be stated ex ante in the National Allocation Plan
covering the period referred to in Article 11.2 of that Directive
and not to adjust the allocation of allowances set out in the
National Allocation Plan after the adoption of the decision
referred to in Article 11.2 of that Directive.”

The Commission, in its decisions, accordingly rejected any
such adjustment and argued in terms of the efficiency of cap
and trade systems (e.g. EC 2006c, recital 22): “Such so-called
ex post adjustments contradict the essential concept of a ‘cap
and trade’ system as conceived by the Directive. Under the
Community scheme, each installation is allocated a certain
amount of allowances in the decision referred to in Article 11.2
of the Directive, whose value it can freely dispose of with
a view to taking optimal economic decisions. Three major
alternatives exist, which are equally legitimate: investing in
emissions reductions and selling freed allowances, reducing
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production volume and selling freed allowances, or main-
taining/expanding production volume while buying additional
allowances needed.”

This is in line with standard economic reasoning.
Allowances are valuable assets and agents will be prepared to
modify their behavior to increase the amount of these assets
they receive free. Specifically a rule that allocates ex post more
allowances to those installations that emit more is an induce-
ment to emit more than foreseen. This violates the basic prin-
ciple of cost effectiveness of cap and trade systems recalled in
Article 1. But cost effectiveness is not the only reference argu-
ment. In fact many have pointed different reasons for adjusting
allowances.

But the pure of cost effectiveness economic justification
does not apply to emission increases that result from contin-
gencies on which the operator has no bearing. The extreme
case of “force majeure” is treated in Article 29 of the Directive.
As usual “force majeure” should be properly justified. But
other cases should also be considered. As argued before, emis-
sions can be subject to external causes such as change of hydro
resources, temperature, fuel price, etc. These can increase emis-
sions independently of any inducement to do so. This is a
typical problem of adverse selection and moral hazard: the
operator is subject to unfavorable events but is not necessarily
behaving inefficiently even though he/she can take advantage
of some features of the system to do so. Indexation clauses
and variations thereof are the normal instruments to tackle
this type of situation: allowances could be indexed on easily
verifiable external events that affect the operator but that the
operator cannot affect. Such indexation clauses would not
decrease but increase the cost effectiveness of the system. The
Commission does not accept this (e.g. EC 2006c, recital 23).

“The Commission considers that there is no administra-
tive need or any other justification for ex post adjustments.
Member States are required to use the best data available
when deciding on allocations up-front. As a matter of fact, the
use of prognoses always requires to a certain degree an ex
ante estimation of emissions the actual volume thereof may
eventually deviate in reality. This is an inherent feature of any

D e s c r i p t i o n a n d A s s e s s m e n t o f E U C O 2 R e g u l at i o n s 63

 
©   Ifri, 2008 
  

 ©
   

Ifr
i, 

20
08

 
 

 



 ©
   

Ifr
i, 

20
08

 
 

 

‘cap and trade’ scheme and can thus certainly not justify a
retroactive change to the allocation already decided upon up-
front. Moreover, the reasons for such deviation cannot be reli-
ably identified and may well be the result of emissions
reductions due to real investments having been carried out by
operators in line with the economic incentives created by the
scheme.”

Interestingly, the Commission even negates the principle
of an adaptation of allocated allowances to emission increases
due to legislative causes (EC 2006c, recital 21): “For the same
reason, it is furthermore not compatible with criterion 10
in Annex III to the Directive to increase the allocation of
allowances to existing installations in case legislative require-
ments lead to an increase in their emissions.”

Needless to say, there is now way cost effectiveness can
justify this transfer of regulatory risk on undertakings.

5.3.2. Discriminatory allocations

The Commission assimilates free allowances to State Aid.
It further reasons that allocation rules may discriminate
between operators and activities and that this discrimination
may affect competition in the internal market. This is the State
Aid view of the problem. The Commission also recognizes that
this discrimination can bring benefits. The question is whether
the benefits justify the damage to competition. This is a problem
of undue discrimination: the discrimination is undue and should
be forbidden if the damage that it causes exceeds the benefits
that it brings; it is not undue and can be allowed otherwise.

The Commission invokes the State Aid argument in all
cases referred to in this paper. It concludes to the possibility
of discrimination resulting from allocation criteria and will
gauge it on the basis of whether it is undue or not. The deci-
sion relative to the German NAP proposals is a remarkable
example of the reasoning and justifies referring to it in the
discussion. Specifically: Germany had proposed different rules
for allocating allowances to incumbents and entrants. The
intent was to grant different amounts of allowances to plants
that started operation in the years 2003 and 2004. Germany
justified this differentiation in terms of investment (EC 2006b,
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recital 21). The Commission rejected the argument and
reasoned that physically identical plants should receive the
same amount of allowances irrespective of the period when
there were built: “the Commission […] maintains that all other-
wise comparable existing installations need to be treated in
the same manner.” “There is no relevant trade-off of individual
investment decisions with the environmental objectives of the
Community scheme, which are notably achieved through
the economic incentives to reduce emissions created by the
scheme for all installations. The Commission acknowledges
only that existing installations and new entrants, which are
recognized as a separate category under the Directive, may be
allocated on the basis of a different methodology during one
given trading period” (EC 2006b, recital 22).

The argument invokes undue discrimination: the differen-
tiated allocations were not only discriminatory; they were
unduly discriminatory in the sense that they could not be justi-
fied by the benefits that they induced. Discrimination could
have been allowed if it had not been undue, that is if it had
brought sufficient benefits. This immediately raises the ques-
tion of how to gauge these benefits to which we shall turn
after the following remark.

Germany had also planned for a 14-year allocation of
allowances to new entrants. The Commission rejected this allo-
cation that extended over several trading periods on the follow-
ing ground (EC 2006b, recital 26): “Information in the National
Allocation Plan not relevant for the allocation of allowances for
the period referred to in Article 11.2 of the Directive has not
been taken into account for the purpose of this Decision.”

The argument is bewildering: even though Article 11.2
mentions both Kyoto and post-Kyoto periods, the Commission
restricts its consideration to the Kyoto period. Because post-
2012 is the only relevant period for investment decision, this
practice amounts for the Commission to dismiss all considera-
tions of security of supply.

The Commission only refers to environmental benefits for
justifying a not undue discrimination. This is how it accepted
discrimination in favor of CHP (combined heat and power) in
the analysis of the special reserves in Ireland (e.g. EC 2006d,
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recital 13): “The Commission recognized that in the light of
criterion 8 of Annex III to the Directive high efficiency
combined heat and power installations may be treated more
favorably because of their environmental benefits as recog-
nized in established Community policy, as long as the alloca-
tions do not exceed the expected needs of the installations
concerned as determined by the BAT-benchmark.”

CHP plants are an obvious source of significant environ-
mental benefits. This justifies that some discrimination in their
favor would not be undue. We argue in the following that the
reasoning, that is, the justification for discriminating, should be
extended to include other Commission objectives such as security
of supply. German operators had put forward the argument of
security of supply before. Some are challenging the Commission
in Court on that basis (Altenschmidt 2007). We claim in the
following that the argument has considerable relevance today.

5.3.3. The argument of security of supply
Security of supply is one of the objectives of the Commis-

sion’s recent energy package (EC 2007). The Commission
remains however extremely vague as to how to achieve this
goal; it also flatly disregards this objective when limiting its
analysis of NAPs to the sole Kyoto period. The industry
obviously realizes the lack of concreteness of the plans of the
Commission. Generators complain that the legal climate is not
prone to investments; large consumers argue that they will in-
vest elsewhere. The statements of the industry maybe some-
what rhetorical (there is now a lot of investment activity in gen-
eration) but the difficulties mentioned are real and the potential
consequences obvious: risk does not favor investment and
insufficient investments decrease security of supply.

Reports from generally prudent organizations such as ETSO
(European Transmission System Operators) also indicate that
we might be heading towards a problem of security of supply.
Figure 5 is adapted from an ETSO report on resource adequacy
(ETSO 2006). The horizontal line (50.1, 53.4, 54.2) shows the evo-
lution of the “Adequate Reference Margin,” that is, a measure of
needs of capacity. The downward sloping lines (77.1, 73.7, 33.6)
and (83.5, 91.0, 73.5) show the evolution of the “Remaining
Capacity,” that is, the capacity that is effectively available in the
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two scenarios of investments analyzed by ETSO. The downward
sloping curves reveal a decrease of reliability of the European
generation system: the system may lack sufficient capacity in
2012 or slightly after 2015 depending on the scenario of invest-
ment. A more recent report (UCTE 2007) confirms this analysis.
This downward evolution of reliability takes place just before
the period when the CO2 scenarios announce that massive new
investments are needed: if confirmed these trends suggest that
we may be jeopardizing both security of supply and the restruc-
turing towards the low carbon economy.

Besides its practical consequences, this evolution of capacities is
also intellectually puzzling. According to standard economic rea-
soning, scarcity increases prices and hence generates investment
opportunities. ETSO and UCTE (Union for the Co-ordination of
Transmission of Electricity) data should have revealed booming
investments in response to the shrinking capacity. A reasoning in
terms of environmental benefits confirms: most of the existing gen-
erating capacities will need to be renewed to accommodate both
the IPPC (Integrated Pollution Prevention and Control) Directive
(96/61/EC) and the forthcoming carbon constrained world.

Figure 5
Massive investment required
with BAT technologies

New carbon free or low
carbon technologies

e.g. 650 GW in EU-15
vs 584 in 2000

2008 2015 2030 2050
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Investments in more efficient carbon technologies should
thus also be booming. Even though there is today consider-
able investments, ETSO and UCTE studies suggest that there
might not be enough. Subsidized renewable energy develops
well. There are significant investments in other technologies
too; but this might not be sufficient to compensate both
demand growth and retirement of existing capacities.

The question therefore arises as to whether we are still in
standard economic conditions where incentives to invest play
their full role. If not, then one should conclude that one is no
longer in the “first best” world referred to in some of the discus-
sions on auctioned vs. free allowances. If so, some discrimina-
tion that would be undue in a first best world because they dis-
tort competition could be justified in a second best world
because they remedy market imperfections. This is the argu-
ment used by the Commission when justifying discrimination
because of additional environmental benefits. We suggest ex-
tending the argument to consider whether some allocation of
allowances may bring benefits in terms of security of supply.
The argument is obviously controversial at first sight but should
not be too surprising on second thoughts: public policies, that is,
direct interventions by the State, pervade the whole discussion
of the restructuring towards a low carbon economy. Alternative
“sustainable” scenarios do not develop spontaneously in an eco-
nomic environment dominated by standard market forces. In
contrast they require new policies aimed at favoring different
measures that the market does not induce. Similarly the package
on energy efficiency that the Commission hopes will enhance
carbon intensity also relies on incentives that add to normal
market forces. The suggestion here is that the sectors covered by
the EU ETS may no longer be operating in a standard market
environment where the usual reasoning on investment fully
applies. ETSO and UCTE reports suggest that the market partially
fails to induce the needed (in the sense of reliability driven) invest-
ments in these sectors. The question is whether we can find an
economically consistent basis to explain that possible failure.

5.3.4. A market failure in investment?
Theory offers at least two explanations to possibly insuffi-

cient investments. One, the “missing money” is not intuitively
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obvious and difficult to explain in a few lines. The other is
about risk; the intuition is obvious even though the details
can be difficult. We briefly introduce these explanations of
insufficient capacities and equally briefly argue that free
allowances can offer a partial remedy. We caution that we
make no claim that free allowances offer the ideal solution to
the possible shortcomings of today market: the first best solu-
tion is to remove the imperfections not to correct them. But a
second best solution is to try to correct imperfections if, for
different institutional reasons, one cannot remove them. Our
discussion is introductory in nature and purely verbal; more
quantitative work on this is underway and promising.

The missing money

The growing shortage of generation capacity is not specific
to Europe. The US also suffers from the phenomenon and
tried to tackle it by various means. Academics investigated the
possible cause of the phenomena and came up with the notion
of “missing money” to explain insufficient investments (see
Joskow 2006 for an illuminating presentation). Practice devel-
oped several instruments that we encapsulate under the
heading of “capacity markets,” that is, markets that attempt to
provide additional revenues to generators in order to induce
them to invest. We shall briefly refer to the innovative capacity
market of New England (e.g. Peterson et al. 2006, ISO New
England 2007).

The idea of the “missing money” is that a restructured elec-
tricity market organized around a power exchange does not
properly remunerate the contribution of generation capacity
to reliability. The consequence is obvious: markets do not
spontaneously invest in improperly remunerated capacities
with the result that reliability and security of supply are
endangered. Investment takes place, but there is not enough
of it. The argument directly applies to peak capacity: it
receives a price between fuel cost and some cap price deter-
mined by the Regulator. This is generally not sufficient to
induce investments that guarantee reliability. The decreased
reliability implies more frequent high (closer to the cap) elec-
tricity prices as scarcity of capacity is biting more often when
reliability decreases. This electricity price properly remunerates
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other (non-peak) capacity types and one can indeed show (at
least on simple models) that the resulting remuneration of
base and shoulder capacities induces an economically efficient
generation mix in these units. Notwithstanding the efficient
investments in these capacities, the lower reliability consti-
tutes a true market failure due to an inadequate market design.
Capacity markets try to correct this market failure. They remu-
nerate capacity throughout (true capacity markets) or add a
mark up to energy prices in time of scarcity of capacity (oper-
ating reserve or reliability pricing). One can also combine the
two types of payments (see Cramton and Stoft 2006).

Remedying the missing money therefore requires identi-
fying additional payments to capacity or to energy in periods
of scarcity. This requires creating capacity or operating reserve
markets (that we denote under the single heading of “capacity
markets”). Such markets barely or do not exist in Europe and
are not envisaged today. The lack of these markets that are
necessary for inducing sufficient investments constitutes a
market failure. Because we cannot remove this market failure
with current energy laws, the only possibility is to try to
correct its effect.

Non-discriminatory free allowances reallocated periodi-
cally, that is allowances allocated irrespective of the type of
plant, remunerate capacity. They constitute a standard subsidy.
Each MW of installed capacity receives a payment propor-
tional to the value of the allowance. It is thus a capacity
payment. There is at least one similarity between a capacity
payment originating from a capacity market and a strip of
free allowances in a cap and trade system. Both payments
reduce capacity costs and hence induce investments. This is
the primary goal of any attempt to correct the missing money.
Needless to say there are more or less efficient ways to achieve
that goal and a capacity market is likely to work better than a
strip of free allowances. The two remunerations obey different
logics. The remuneration accruing from a capacity market
increases with the scarcity of the capacity. The smaller the
capacity with respect to the demand, the higher the payment.
Capacity markets are thus explicitly designed to address the
“missing money”: they give a direct incentive to invest. The
payment accruing from the allowance market depends on
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the pricing of CO2; the more stringent the emission target, the
higher the remuneration accruing from the allowances. The
incentive to invest is thus indirect. The two capacity payments
may look unrelated but there are some points of resemblance.
Were it not for the volatility of CO2 prices that we discuss
next, a high CO2 price signals a shortage of CO2 efficient
capacity. With proper allocations, the free allowances can thus
remunerate more the type of capacity that one is short of and
target that type of investment. Note also that the CO2 related
payment for capacity also fits well in the overall debate
between conservation and generation. A high CO2 price remu-
nerates investments both in generation and conservation; this
is a very desirable property that only capacity markets that
include demand side bidding (as in New England) have.
Capacity payments in early capacity markets as well as
allowance prices in the first compliance period have been
quite volatile; they are thus a risky remuneration of capacity.
We argued in Section 5.1, that the volatility of allowance prices
is an idiosyncratic characteristic of the EU ETS that has
nothing to do with the fundamentals of climate change.
Allowances driven by the sole innovations in climate sensi-
tivity and carbon free technologies would not be that volatile;
they would thus more reasonably provide the fraction of the
revenue necessary for investment that power exchanges do
not offer. Ismer and Neuhoff (2006) pinpointed the drawbacks
created by the current and expected (see section 5.1) volatility.
They argue that volatile allowances will not induce the transi-
tion to a low carbon economy and have made proposals to
remove at least part of that volatility. The same concern, and
possibly the same solutions could apply to the covering of the
missing money with free allowances.

Note that non-discriminatory free allowances strictly
proportional to capacities and irrespective of plant type or
fuel use are the methods least criticized by auction advocates
(Neuhoff et al. 2006c). The argument is that they distort
investments but less so than allowances granted proportion-
ally to emissions. This is undoubtedly true in a first best world.
But the recognition that one needs a capacity market and that
it is currently missing invalidates this reasoning. We suggest
that one should go beyond the simple first best world argument
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and admit discriminatory free allowances. As soon as
allowances are meant to induce investments in a carbon-
constrained economy, their allocation should be adapted to
that goal. In particular, and this is certainly quite controver-
sial, the reasoning implies that nuclear units could receive
allowances in order to induce investing in those capacities.
More generally low carbon plants would be given more
allowances “than are likely to be needed” in order to induce
investments in these capacities. More generally also, the allo-
cation could “exceed the expected needs of the installations
concerned as determined by the BAT-benchmark” (EC 2006d,
recital 13).

Needless to say, this directly contradicts the current posi-
tion of the Commission. The interpretation of the criteria of
Annex III is currently in flux and hence could possibly be
revised. In the same line, one can intuitively argue (but should
prove rigorously) that this free granting should cover the
whole life of the plant or a significant fraction of it in order to
constitute a credible remuneration of capacity. This argument
underlies the case of the German operators but is systemati-
cally opposed by the Commission that limits its analysis to the
Kyoto period. The details are probably difficult to articulate
and convey but this seems doable. The long-term remunera-
tion of capacities has been an outstanding problem in US
capacity markets. The New England capacity market recog-
nizes the problem by creating a differentiated treatment of
existing plants and “entrants.” The same issue arises here: a
few years of free allowances are unlikely to constitute a signif-
icant inducement to invest.

We obviously recognize that paying for capacities through
free allowances to remedy the “missing money” is a bizarre
proposal. It uses the wrong instrument and one should prefer
the right instrument namely a capacity market. A first answer
is that the inception of a capacity market is a problem of
market design and that Europeans have been exceptionally
ineffective in coming up with any reasonable electricity
market design so far. The second response is that the US expe-
rience shows that the implementation of working capacity
markets remains difficult. It would still be much more intri-
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cate in the EU where we would need to make these markets
compatible between Member States. Free allowances have the
advantage that the instrument exists today. One only needs to
modify its use, that is, the interpretation of some of the criteria
of Annex III. New decisions to invest may be needed right
now or very soon, at least if one believes ETSO and UCTE
resource adequacy reports. If so, one cannot wait for the incep-
tion of a capacity market that we have not started to discuss
yet. We must use what exists today.

Coming back to the decisions of the Commission, we
submit that discriminatory allowances would not be undue if
they could be shown to compensate, at least partially for the
“missing money.” They would be undue if they exceed that
compensation. This is a question of benchmarking. The justi-
fication is summarized as follows: the growing shortage in
generation capacities, if it were confirmed, may jeopardize
both security of supply and the restructuring towards a low
carbon economy. The phenomenon can be traced to a well-
identified market failure, namely the “missing money.” Real
time and forward capacity markets are the remedy to the
missing money but they do not exist and are not foreseen in
Europe. Free allowances can at least partially substitute for
them. This is an admittedly bold surrogate for the capacity
markets but it is the only one we have today. It does not fit
with the common academic wisdom but it rejoins some of the
concerns of the industry.

New risk as a deterrent to investment

Risk is accumulating from all sides on the industry. Fuel
price is a traditional risk for combustion installations but it
takes new dimensions nowadays. Demand risk in the power
sector is a phenomenon inherited from restructuring. It is
today enhanced by the possible relocation of some industrial
consumers. Conversely supply risk is mounting for the large
consumers as a result of the increase of electricity and gas
price uncertainty. Last but not least, carbon price is now recog-
nized as a new risk by regulators and professional investors.
Firms listed on the New York Stock Exchange (NYSE) now
elaborate on their exposure to carbon risk in the Form 20-F
that they submit to the Security Exchange Commission (SEC).
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The following statement is an extract from the 2005 Form 20-F
submitted by Suez to SEC (Suez 2005): “Our activities are
likely to be covered by stricter national and international stan-
dards relating to climate change and related costs may nega-
tively affect our financial position.”

“In Europe, we may experience increased costs with
respect to our efforts to comply with these new carbon dioxide
regulations. If our activities produce more carbon dioxide than
the National Allocation Plans allow, we may have to enter the
market to purchase emissions allowances, to allow us to
continue such activities. It is not clear at this stage how expen-
sive it will be to purchase such allowances. In particular, with
such a young market, price volatility experienced so far is
extremely high.”

“We also face the risk of regulatory uncertainty
surrounding our obligations with respect to climate control.
For example, the EU ETS directive […] may be implemented
differently in each country. Also, the permitted carbon dioxide
levels for the 2008-2012 period have not yet been established,
and we expect them to be stricter than the levels established
for 2005 to 2007. The scope [of the] EU ETS directive itself
may be revised and we might be negatively affected if more
of our activities had to be captured by the revised regulations.
In the longer terms the national allocations under the EU ETS
directive are planned to be reviewed every five years begin-
ning in 2008, which exposes us to a risk of stricter regulations
each time there is a review.”

The reader who would have developed the idea that this
paper is unduly critical of the EU regulation may find comfort
in the next sentence found in SUEZ Form 20-F: “Outside of the
European Union we face even greater difficulties in assessing
our regulatory risk with respect to climate control, in the United
States because each state has its own regulations, and interna-
tionally where the future is even more unclear.”

The problem of regulatory risk is global and might be
worse elsewhere. The carbon risk disclosure project (e.g.
Innovest 2006) also illustrates the attention that professional
investors bring to the exposure of firms to carbon risk.
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In order to introduce the argument (and possibly to
explain the practice of granting free allowance), we shall note
that granting or auctioning allowances changes the value of
companies subject to new environmental laws. This may have
an impact on their cost of capital and credit rating. These in
turn modify the profitability of new investments. Uncertainty
about the mode of allocation of allowances therefore trans-
lates into a regulatory risk that ultimately finds its way into a
higher cost to invest.

Carbon risk

Carbon risk has at least two components. One is funda-
mental and cannot be avoided: carbon emissions should be
limited because of climate change. We do not know today the
extent of that limitation and the details about the technologies
to manage this limitation. This is the fundamental risk: it is
significant but evolves slowly together with our understanding
of these phenomena. The other component is idiosyncratic to
the EU ETS; it is caused by the vagaries of the allowance allo-
cation method and is itself risky (stochastic volatility). The
first compliance period, with its prices ranging from 30 euros
to less than 1 euro/tonne of CO2 illustrates this risk. We argued
in Section 5.1 that the computation of the “potential […] to
reduce emissions” might have the same effect on risk in the
second trading phase. This second component is a true regu-
latory risk that comes on top of the others. Even though it is
idiosyncratic to the EU ETS it is systematic for the whole
European industry and as such bears a risk premium if one
admits that there are practical limits to the possibilities of
diversification.

The impact of systematic risk is well known in corporate
finance. It improves the attractiveness of certain investments
(those that are negatively correlated with this risk) by requiring
lower expected profits; it deteriorates the attractiveness of
others (those that are positively correlated) by increasing their
profitability target. Theories like CAPM (Capital Asset Pricing
Model) or APT (Arbitrage Pricing Theory) are standard expla-
nations of the phenomenon. They imply modifications of the
cost of capital. Real options offer a more novel interpretation:
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risk increases the value of waiting before investing. Rating
agencies explain that Banks will require higher collaterals to
mitigate credit risks when lending investment money. All this
goes in the same direction. The often-heard argument that the
industry is used to deal with risk and hence that carbon risk
should be of no concern is thus dangerously misleading. The
industry is indeed used to deal with risk but it does so by
reducing certain investments. This is a normal market effect
that is justified when compensated by other effects (e.g. bene-
fits from competition and environmental benefits). It is a pure
inefficiency when the reduction of investment is sourced in
unnecessary regulatory risk.

Carbon risk illustrated

The following discussion verbally illustrates some of the
uncertainties faced by companies in their investment process.
Consider again the evolution of the prices of CO2 during the
first trading phase: a relevant question is what this level of
volatility could imply for an investor in physical assets (we do
not discuss here the case of option traders who benefit from
volatility). CO2 volatility combines with the one of the gas
price to lead to a global volatility of the variable cost of a gas
fired MWh. All this volatility is passed into the price of elec-
tricity in a competitive electricity market where the gas unit
sets the price. The higher the volatility of the CO2 price, the
higher the one of the price of electricity. Industrial consumers
objected to that volatility during the first compliance period.
In contrast, an investor in a gas unit would not really be
affected, at least as long as the gas plant sets the price. CO2
volatility has a different impact on a coal plant. Because CO2
emissions are higher for a coal unit than for a gas unit, the
passing of the cost of allowances of the gas unit into the elec-
tricity price does not compensate the cost (real or opportu-
nity) of the coal unit. The incremental CO2 cost of the coal
unit is higher than the incremental electricity price. This is
the intended effect of the cap and trade system that aims at
reducing the incentive to build CO2 emitting plant. But this
effect also has a perverse, unintended, consequence. The
volatility of the CO2 price, which does not affect the margin of
the gas unit setting the price, increases the volatility of the
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margin of the coal plant. This additional uncertainty may be
economically justified as long as it reflects the fundamental
uncertainty of climate change phenomena. It is excessive and
should be eliminated or compensated when it only reflects
regulatory uncertainty. We more precisely delineate the impact
of this regulatory risk by referring to the CAPM theory in
Appendix 2. Specifically we show how investment is influ-
enced by a pure regulatory risk that is not justified by climate
change. The cost is a regulatory cost.

The impact of uncertainty does not boil down to the sole
regulatory risk. Free allowances modify the overall risk/return
trade-off of plants in a way that is impossible to assess ex
ante. This may increase or decrease security of supply.
Specifically, granting free allowances to a coal plant always
increases its expected profit when a gas unit set the price. But
free allowances can also increase the risk faced by that plant.
Whether the increased volatility compensates or enhances the
increased profits needs to be studied on a case-by-case basis in
risk/return trade-off terms. Appendix 2 also reports computa-
tion illustrating this phenomenon on the basis of prices
observed during the years 2005 and 2006. In short free
allowances can be adjusted to compensate regulatory risk (and
hence cost) even if they do not necessarily reduce the risk.
This requires a particular analysis that to the best of our
knowledge has been completely overlooked so far.

Coming back to the decisions of the Commission we
submit that free allowances would not constitute an undue
discrimination if they could be shown to compensate, at least
partially for different exposures to the systematic risk created
by volatile CO2 prices. The discrimination would be undue if
the free allocation exceeds that compensation. This would
imply that the free allocation depends on the type of plant
and the fuel burned because the exposure depends on these
elements. This is a much more delicate issue than granting
free allowances per MW of installed capacity for compen-
sating the missing money, but it is again part of the bench-
marking process. The justification is as follows : the
decomposition of the EU ETS in compliance periods creates a
systematic risk that is not justified by any environmental
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benefit. This systematic risk induces a risk premium and
hence a market distortion. Both the theory and the practice of
corporate finance indicate that this risk premium will deter
investments in technologies that are positively correlated with
that risk. Free allowances can modify that risk and mitigate
that deterrence. They will do so in a way that is still to inves-
tigate (see Appendix 2 for a first formalization of the problem)
but the effect is quite plausible. Again it is well recognized
that granting allowances to compensate for risk does not fit
with the common academic wisdom; it rejoins some of the
concern expressed by the industry (including the entrants
that sued the Commission [Altenschmidt 2007]) and should
be considered as an attempt to get the best out of available
instruments.

Back to the German 14 year rule

The above discussion can be illustrated by the decision of
the Commission on the 14 year allocation of allowances
contained in the initial German NAP proposal. As a general
rule, the Commission only considers the forthcoming trading
period in its analysis of allocation. We already quoted
the following extract from the decision about Germany:
“Information in the National Allocation Plan not relevant for
the allocation of allowances for the period referred to in
Article 11.2 of the Directive has not been taken into account
for the purpose of this Decision.”

A similar statement is repeated in all decisions referred
to in this paper. The Commission justifies that position as
follows. She reasons (e.g. Meadows, 2006) that the status of
entrant is only provisional: the new capacity will be treated as
incumbent in the next trading period and receive the same
amount of allowances as existing plants. This argument
explains that only allocation for the next trading period counts
for the Commission.

These positions may be justified in law but they are
counter-productive to investments. An investor who builds a
plant that will come on line in 2013 only cares about the 2008-
2012 allocations to the extent that he/she expects that the
approach will be prolonged in the next trading period. While

78 A b at e m e n t o f C O 2 E m i s s i o n s i n t h e E u r o p e a n U n i o n

 
©   Ifri, 2008 
  

 ©
   

Ifr
i, 

20
08

 
 

 



 ©
   

Ifr
i, 

20
08

 
 

 

academic papers (see Neuhoff et al. 2006b) sometimes make
this assumption, it remains a gamble at the time European
Institutions are undertaking a revision of the EU ETS and
there is considerable pressure for auctioning allowances.
Similarly the claim that the investor will receive the same
allowances as another existing plant for which all investment
costs are sunk may satisfy the legal criterion of non-
discrimination. But it is an economic discrimination; does not
help covering the missing money, hedges the EU ETS
idiosyncratic carbon risk, or in any way induces investment.
The comparison with New England capacity market is
illuminating: an incumbent can bid for a one year capacity
payment; an entrant bids for a five year capacity payment that
will accrue after its investment comes on line. The difference
of treatment is here obvious and tailored to the investment
process. But even with this provision, only the future will tell
whether New England differentiation between entrants and
incumbents is sufficient.

Rejecting any consideration that extends beyond 2012 is
thus adding to the uncertainty faced by the investor: it
increases regulatory risk, decreases the incentive to invest and
hence endangers security of supply. The Commission rejected
the 14 year allocation demanded by Germany on the ground
that it covered the post-Kyoto periods. This is purely proce-
dural. An alternative argument of discrimination, similar to
the one used for rejecting vintage based allocations, could also
have been made. The 14 year allocation rule was certainly
discriminatory to the extent that the same guarantee was not
granted to physically similar plants. But part of that discrimi-
nation was probably not undue to the extent that it could be
justified by the additional security brought to investors.
Suppose one can show that some plants could have been build
under some guaranteed amount of allowances (not 7,500 hours
are indicated in German proposals but a smaller amount) for
14 years. Suppose also that this investment is too risky when
there is no guarantee on the amount of allowances received in
the next trading period, that is, when the plant comes on line.
Is the discrimination that eliminates or mitigates that risk
undue or not? The impact is at least worth a question.
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Conclusion

Most of the discussion on allowances is made artificially
simple: economic reasoning is replaced by untested proce-
dures. The Commission insists on simplicity in the name of
transparency. Simplicity is required as long as it does not
distort reality; procedurality helps transparency as long as
the reality is understood and the procedures well adapted.
Artificial simplicity is dangerous and untested procedurality
counterproductive in front of new problems. One should not
simplify the reasoning when embarking on the massive
restructuring of energy infrastructure that scenarios describe
as necessary. Investments needs are staggering, there is today
a lot of capacity building, but possibly not enough. One should
not simply assume that investments will be sufficient in the
real world because they are in a simplified picture of the
world. The cap and trade system put in place for curbing CO2
emissions is too distant from the simple textbook description
for immediately implying that it will behave like in the
economic textbook. It intervenes in an electricity system,
which is itself in flux and recognized by the Commission to
be far from functioning efficiently. This suggests prudence.
We identified two potentially dangerous simplifications in the
above discussion.

The computation of the “potential […] to reduce emissions”
conducted by the Commission in its decisions is a drastic
simplification of reality. The potential is a product of three
factors that are essentially uncertain. It is misleading to treat
them as certain. This may induce a new phase of volatile CO2
prices when uncertainty unfolds through the compliance
period and the real consumption of allowances is progressively
revealed. Price volatility should be driven by the fundamen-
tals of climate change, not by short terms events. Noisy prices
confuse the investor whether generators or consumers.

Auctioning allowances is the preferred method in a first
best economy subject to repeated allocation: free allowances
indeed distort incentives. The argument of the Commission in
terms of State Aid gives a new dimension to the problem: free
granting of allowances also distorts trade among Member
States. All this is quite reasonable in a first best economy. The
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question is whether the reasoning still holds in an economy
where the market may not be inducing the right amount of
new capacity. Investors build capacities, but in view of ETSO
and UCTE reports, may not build enough. There should be no
dispute if investments are sufficient: free allocations truly
distort the incentive to invest and one should get rid of them
if institutionally possible. If not, then the reasoning on a
simplified first best world may be counterproductive. Maybe
free allowances are as justified today for conventional capaci-
ties as green certificates are justified to foster the develop-
ment of renewable. If the market does not provide sufficient
incentives to invest, one needs to find why and in the mean-
time supplement the market. This is a standard issue of
market failure and it has to be treated as such.

6. Conclusion

The scenarios to escape from dramatic climate changes
are quite demanding. They require international cooperation,
a long-term view on investments, harnessing all existing low
carbon technologies, and developing new ones. Some of these
requirements suggest difficult times ahead. One may be opti-
mistic that the climate change phenomenon will be univer-
sally recognized. It is another matter to achieve cooperation to
mitigate its causes. Given the already high costs of a coopera-
tive solution, one can only conclude that non-cooperative solu-
tion will still be more expensive. It is thus of the essence to be
efficient at home, that is in the EU ETS, while at the same
time pursuing the effort on the international scale.

The EU ETS is commonly announced as a resounding
success; it is certainly a remarkable achievement but impor-
tant problems remain. A cap and trade system is cost effective
if it is well implemented. Some of the difficulties encountered
during the first trading period suggest that not all understand
this fundamental principle. Resorting to a market solution is
not enough: created markets (like markets for allowances)
require a good market design. The so called “windfall profits”
(not discussed in this paper) offer a remarkable example of
how wrong one can reason. The so called “windfall profits”
had been fully described and explained in the press before
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and after the inception of the EU ETS (Eleckowatt-Ekono,
2004). They are a direct outcome of a competitive electricity
market (passing the opportunity cost of allowances into elec-
tricity prices) functioning with a cap and trade system. It
might have been the only part of the restructured electricity
market that functioned competitively, even if not as intended
by those who advocated the EU ETS. The emergence at the
highest level (HLG 2006), of arguments that attribute windfall
profits from free allowances to insufficient competition in the
electricity market is amazing. It illustrates that stakeholders
sometimes ignore all the ex ante evidence and try ex post
to hide the consequences of what they implemented. This
myopia is not a good sign for the future. We examined two
questions that exhibit quite different degrees of difficulty
where one should ensure to reason correctly.

The recourse to flexibility mechanisms appears like a rela-
tively simple problem that we should solve quickly. We argued
that one should reconsider the “supplemental” role of flexi-
bility mechanism in the implementation of the EU ETS. The
Commission enforced the law by defining “supplemental” in
a restrictive sense. Textbook economics would recommend
opening the market to these flexibility mechanisms to the
largest possible extent, at least if these instruments could
become more transparent. Many oppose this solution, but do
not make their argument clear. It seems obvious that one
should not impose unnecessary costs on our economies by
restricting the tools available to reach our environmental
objectives. Those who oppose the simple reasoning should
justify the opposition.

In contrast they are different reasons to believe that the
standard reasoning may be questionable in capacity expan-
sion. Privileged observers of the European electricity system
like ETSO and UCTE point to a growing problem of capacity.
This takes place just before Europe has to embark on massive
investments to revamp its whole energy infrastructure. This is
at least worth a question: maybe standard investment mecha-
nisms are no longer working fully properly. This should not
be too surprising: the current situation and the difficult
problem of combining competitivity, sustainability and secu-
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rity of supply is sufficiently novel to possibly affect standard
incentives to invest. Understanding what happens today is a
first step. We quickly need to identify whether there is really
a problem of capacity and whether we can explain it.
Remedying the problem, if there is one, comes next. Simple
arguments may not be sufficient to understand how capacities
develop in a possibly badly designed electricity market. Simple
statements that the industry is used to bear risk and that
reforms “are a process, not an event,” will be of little help if
there is indeed a problem.
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Appendix 1

88 A b at e m e n t o f C O 2 E m i s s i o n s i n t h e E u r o p e a n U n i o n

Year
Installed Produced Capacity Adjusted

capacity (in GW) (in GWh) adjustment production

2005 16,150 72,143 1.019019 70,796.5

2004 16,137 59,529 1.018199 58,464.99

2003 16,143 52,976 1.018578 52,009.78

2002 16,097 66,046 1.015675 65,026.7

2001 16,239 78,454 1.024635 76,567.76

2000 16,229 77,845 1.024004 76,020.21

1999 16,192 70,423 1.0216697 68,929.34

1998 16,204 73,727 1.022427 72,109.83

1997 16,246 68,277 1.025077 66,606.73

1996 16,203 50,951 1.022363 49,836.48

1995 16,152 67,017 1.019145 65,758.03

1994 16,502 57,883 1.041229 55,591.01

1993 16,451 73,262 1.038012 70,579.18

1992 16,380 72,664 1.033532 70,306.51

1991 16,318 62,329 1.02962 60,535.95

1990 16,331 71,459 1.03044 69,348.05

1989 16,172 70,986 1.020407 69,566.33

1988 16,112 68,755 1.016622 67,630.87

1987 16,001 70,990 1.009618 70,313.74

1986 15,813 59,821 0.997756 59,955.57

1985 15,690 70,131 0.989995 70,839.78

1984 15,445 67,007 0.974536 68,757.87

1983 15,292 62,771 0.964882 65,055.63

1982 15,215 54,191 0.960023 56,447.58

1981 14,919 58,821 0.941347 62,486.01

1980 14,859 57,696 0.937561 61,538.41

1979 14,167 60,188 0.893898 67,332.1

1978 14,101 56,907 0.889733 63,959.62
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Appendix 2

Consider a coal unit in an electricity market where a CCGT
plant sets the electricity price. The revenue of this plant in a
competitive, carbon unconstrained, market is equal to the
spread between gas and coal after correcting for plant effi-
ciencies. In other words, it is the difference between the spark
and dark spreads. We note this spread as s. We conduct our
reasoning in CAPM terms: the theory is well known (see any
textbook of finance) and most commonly used in practice. In
order to simplify the presentation, we reason in a two period
world: one invests in the first period and collects revenue in
the second one.

Using a CAPM reasoning, we determine the first period
value of the risk adjusted annual revenue of the coal unit
accruing in the second period as

The expression is valid in a carbon-unconstrained world.
is the expectation of the gas/coal spread s. is the gross

risk-free return (e.g. 1.04) and the expected gross return
of the market which includes the “equity premium” (e.g. 1.10);

expresses the relation between the gas/coal spread and “the
market” (M). Its expression in standard CAPM theory is

where is the coefficient of correlation between

the spread s and “the market”. and are respectively the
standard deviations of these returns. Assuming a relatively
stable coal price and a more volatile gas price, the spread is
negatively correlated with economic activity (everything equal,
a higher oil or gas price is accompanied by lower economic
activity). The is thus negative (the revenue of the coal unit
is higher when the market is down and the gas price is high).
This implies that the value of the coal plant is higher than the
expected value of its revenue discounted at the risk free rate
(see Roques et al. [2006] for a related reasoning in terms of
risk return efficiency frontier).

Consider now the same coal unit in a competitive but
carbon-constrained world. Because of the assumption of a
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competitive electricity market, the price of carbon is passed in
the price of electricity, whether allowances are free or
auctioned. Assuming emission factors of 0.4 and 0.8 for the
CCGT and coal unit respectively, the revenue of the coal unit
is now equal to

where – 0.4 = (0.4 – 0.8) and CO2 denotes the price of the CO2
allowance.

Let be the amount of allowances granted free per MWh
of generation (we assumed an ex ante determination of as
recommended by all economists and imposed by the Directive).
The revenue of the coal plant becomes

In CAPM reasoning this is valued at

The new reflects the impact of CO2 on the covariance
between the revenue of the coal plant and the market. The
impact of the EU ETS can then be decomposed in different
components. The term

is commonly referred to by those advocating the auctioning of
allowances. It measures the additional value reaped by a coal
plant that would receive full free allowances in a market where
a CCGT sets the price. This incremental value would incen-
tivize investments in the more emitting plant. This is admit-
tedly not what is intended by the EU ETS; it is a clear
economic distortion. The impact of full auctioning is also clear:
setting drastically reduces the incentive to invest in coal.
This shifts investments toward natural gas, something that
some may wish to limit. The discussion of the increased
dependence of Europe on imported gas goes much beyond the
scope of this paper and is not pursued here (see Röller et al.
[2007] for an analysis of the tradeoff between EU energy objec-
tives). We therefore assume that the obtained incentive to
switch to gas (and to renewable for that matter) is what is
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really desired and accordingly set to zero as recommended
by the opponents to free allowances. This being done, our
concern is whether the current regulatory uncertainty does
not exacerbate the incentive to move away from coal with
respect to what is economically desirable. Starting from the
above formula where has been set to zero, we write for the
value of the revenue of the plant

Referring again to we write for the case where

where is the one of the carbon unconstrained world. The
new value of the coal unit is then

We argue in the paper that regulatory uncertainty increases
the volatility of CO2 prices. The effect of that phenomenon can
be seen in the term

that we now analyze. The covariance can be
written as

In this expression represents the volatility of the CO2
price and the coefficient of correlation between CO2
price and “the market.” CO2 plays the same role as a gas or oil
price (to which it is positively correlated). For the same reason
as before we thus conclude that is negative (the higher
the price of CO2, the lower the return on the market).
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consists of two parts. One is driven by the funda-
mentals of climate change. The other is regulatory; it is illus-
trated by the randomness of the CO2 price during the first
compliance period.

Let

where is the standard deviation of CO2 reflected by the
fundamentals. We write for the value of the plant

The two first terms represent the new CAPM valuation of
the revenue of the coal plant in a fully auctioned system under
fundamental (already considerable) climate change risks.

The third term reflects the additional disincentive to invest
in the coal unit as measured by an incremental risk premium

A higher regulatory risk ( ) induces a higher (excessive)
disincentive to invest in coal.

We complete this discussion by pointing to counter intu-
itive effects of free allowances. Table 1 reports the expected
profit and standard deviation of the margin that would have
been made by a coal plant operating in the 2005-2006 period.
CO2, coal and gas prices are those observed throughout the
period and the electricity price is the one that would have
been set by a CCGT running on the basis of these gas prices.
The figures are obtained for allocations of allowances going
from zero (full auctioning) to 1 (full granting of free allo-
wances). Not surprisingly the expected margin of the coal unit
increases with the amount of free allowances. Possibly more
surprising, the standard deviation of this margin also increases
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with the amount of free allowances: granting free allowances
increases the standard deviation of the margin. The real
impact of free allowances on investment in coal plants there-
fore requires a risk trade-off analysis and cannot be deter-
mined ex ante from simple intuition.
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Assessment of EU CO2 Regulations

Jean-Paul Bouttes*, Jean-Michel Trochet**
and François Dassa***

Introduction: CO2 Emission Regulation in the Electricity Sector

The European energy landscape is fundamentally different
from what it was in the 1990s, when the early discussions on
climate policy were getting under way. In the 1990s, gas prices
were low, overcapacity was prevalent in many European coun-
tries, and we were not yet thinking in terms of stringent CO2
targets for 2050. Today there is no overcapacity; new power
plants are needed in almost all of the EU countries. According
to the IEA’s 2006 World Energy Outlook,1 the EU will need to
build 862 GW of generation capacity between 2005 and 2030,
mostly to replace its existing fleet (723 GW in 2004). Given
expected final prices of gas at 6 or 7 dollar/MMBtu (compared
with 2.5 dollar/MMBtu in the 1990s), combined cycle gas
turbines are no longer necessarily the most competitive tech-
nology for baseload facilities.2 Gas will of course remain part

* Jean-Paul Bouttes is Executive Vice-President, Corporate Strategy, Prospective and
International Affairs, EdF (Electricité de France).
** Jean-Michel Trochet is Senior Economist, EdF.
*** François Dassa is Head of International Corporate Relations, Prospective and International
Affairs, EdF.
1. Cf. IEA 2006b.
2. Cf. IEA 2006b.
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of the solution, but is no longer the miracle technology for
European supply security and emissions reduction, as the
scenario for 2030 published in the 2006 European Green Paper
clearly shows.3

In the Green Paper scenario, the outlook for the coming
decades is characterized by the need to meet the challenge of
supply security and the pressing need to reduce CO2 emis-
sions, while upholding the conditions that make the European
economy competitive.4 We must seize the opportunity offered
by the need to renew power fleets to massively reduce emis-
sions in the electricity sector. This we can do by turning to the
best energy-saving technologies and by building a cleaner
energy mix that combines the best available nuclear, renew-
able, coal and gas technologies. In so doing, Europe as a whole
could by 2030 make significant headway on leveling off its
carbon emissions, with emissions in the electricity sector actu-
ally significantly dropping below the 1990’s level. This would
be consistent with a strong decarbonization target (factor 4)
for 2050 if the use of technologies reaching maturity –notably
carbon capture and storage (CCS), generation 4 nuclear, next
generation photovoltaics– are factored in for 2030-2050.

The European Union Greenhouse Gas Emission Trading
Scheme (EU ETS) can play a key role in achieving this ambi-
tious target if it succeeds in effectively orienting the massive
investments needed in the coming years toward least emitting
technologies. As a matter of fact, unlike other industrial
sectors, the electricity sector’s potential for emissions reduc-
tion relies essentially on building new low emitting plants.

In spite of a positive start in terms of concrete implemen-
tation and of its ability to reflect market players’ beliefs about
short-term conditions of supply and demand, the EU ETS has
proven less than convincing in terms of environmental results.
This has raised numerous questions –if not controversies–
about its ability to actually drive investments along a sustain-
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3. Cf. EC 2006.
4. In this scenario, despite ambitious targets for the share of renewables in the electricity mix,
Europe’s dependence on imported gas will double by 2030 and CO2 emissions will increase by
10% in the electricity sector.
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able path. In Section 1 we examine the market design improve-
ments that would enable ETS to actually provide the right
incentives for investments in least-emitting technologies. But
a “good” ETS design alone is not enough. In Section 2, we will
address other requirements and look at the various comple-
mentary instruments needed for a sound public policy. After a
comparative review of cap and trade vs. taxation, we will
provide insights on three key issues, namely, security of
supply, research and development (R&D) and control and
command regulation in energy policy to illustrate this argu-
ment in detail. To further enhance the EU ETS we will need to
examine certain international issues which are reviewed in
Section 3. This international perspective will draw the case for
a genuine European sectoral approach for electricity in a
context of growing concern over the impacts of the ETS on
Europe’s competitiveness. Finally, Section 4 contains some
concluding remarks.

1. Improving ETS Market Design for Massive Deployment
of Mature Low-Emitting Technologies

The major issue with ETS is that it should efficiently
provide incentive, as of today, for investment in clean tech-
nologies. This is not the case as yet. Improvement of ETS
market design calls for a three-step analysis: i) recognizing
where the real potential lies in the electricity sector; ii) identi-
fying the major shortcomings of the current mechanism; and
iii) learning from proven successful design.

(i) In the electricity sector, the possibilities for existing
generation facilities to reduce their emissions are limited.
Potential efficiency gains are minimal. So is potential for
developing interconnections between low and high emitting
areas, i.e. between zones where generation is mainly nuclear
& hydro based and zones where coal is dominant.

Thus, most of potential reductions in emission volumes lie
in the construction of low-carbon generation facilities. Such
plants take two to six years to build and have a lifetime
ranging from 20 years to more than 50 or 60 for best available
technologies (i.e. supercritical coal, combined-cycle gas, gener-
ation 3 nuclear, wind power, etc.).
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Given the time constants and the wide range of potential
carbon emissions for these technologies (1 tonne CO2/MWh
on the average for existing coal plants in Europe, 0.8 for new
supercritical coal plants, 0.4 for combined cycle gas turbines
[CCGTs], and close to 0 for nuclear and wind power), cap and
trade systems should be designed to provide clear incentive to
invest in least-emitting projects.

(ii) From this point of view, the ETS design now in effect
has proven particularly ineffective, providing scarce incentive
to base investment decisions on carbon emissions:

– Free allowances for new projects and cancellation of
initial allowances following decommissioning are counter-
incentive to factoring the implied carbon cost into decision-
making. This gives an added edge to emitting technologies
over least-emitting technologies.

– The periodic renegotiation of quotas every five years
together with “periodic grandfathering” can actually encourage
investment in higher emitting technologies to benefit from
free allocations based on emissions from the previous period.

– The lack of market design beyond 2012 makes it diffi-
cult 1) to anticipate any medium-long term CO2 price,
precisely during the first years of operation for the plants
whose construction is being decided today, and therefore 2) to
justify any extra cost involved when investing in low-carbon
or carbon-free technologies.

– Lastly, unauthorized allowance banking between periods
artificially increases price volatility, rendering the short to
medium-term price trend chaotic. As shown in the graph
below, there is a total disconnection between CO2 allowance
prices (with the same long-term environmental impact), over a
period of only months overlapping two trade periods (2007
and 2008). Here we must point out that the normal trend of
the 2007 price, either toward zero –which is the case– or
toward the penalty, merely reflects the mechanical decline of
emissions uncertainty corresponding to the gradual collation
of information on the supply/demand balance. The price level
at the end of this period is therefore entirely independent of
any significant over or under-allocation at the start of the
period.
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(iii) The fact that emissions trading figures among the flex-
ibility mechanisms provided for by the Kyoto Protocol and
that Europe has embraced a cap and trade system owes much
to the success of the United States SO2 market. This system’s
successful achievement of an environmental target at least
cost can in large part be attributed to the fact that the
designers and legislators behind the 1990 Clean Air Act
–which instituted the SO2 market– held closely to the recom-
mendations of economic theory:

– The SO2 market design and namely the rules for initial
allocation were set for a period of 30 years –consistent with
the lifetime of the equipment– without periodic renegotiation
during the intermediate trading periods.

– This has made it possible to draw a clear distinction
between plants built before the law’s enactment, and those
built after it. For the former, lawmakers designed a system for
free initial allocations based on emissions prior to the Act
(grandfathering, including trade-offs among polluting and
polluted states based on a rationale of “political economy”).
Attribution was once and for all, for a set duration beyond
which there were no free allocations. As for new facilities,
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Source: “Powernext Carbon, ECX Point Carbon”, in Tendances Carbone, June 2007.
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there was no question of allocating free allowances. Any new
project must pay its emissions in full through auctions, and
decommissioning has no effect on the duration of free
allowances allocated at the time of the law’s enactment.

– Allowance banking over several years is authorized to
encourage the leveling of price variations over time and to
lessen price volatility.

– The target for overall emissions volumes can be periodi-
cally adjusted to factor in new data on, for instance, environ-
mental impacts. But should this occur, allocation is based on a
straightforward rule known to all players from the start and
allowance recipients are notified several years in advance in
order to avoid a process of renegotiation with uncertain results.

2. Choosing Complementary tools for Public Policy-Making

Improving ETS market design is no doubt indispensable,
but on its own is not enough. Efficient public policy requires
additional, complementary tools that are adapted to the policy’s
multiple objectives. The issue here is twofold: to assess, on the
one hand, the value of cap and trade vs. taxes (section 2.1) and
to determine how, on the other hand, cap and trade must be
used with other, complementary instruments to most effective-
ly meet multiple objectives. Following the recommendations of
institutional economics, we will present the case for targeted
instruments rather than a broad but somehow vague use of cap
and trade. Insights on three key issues, namely, security of sup-
ply (section 2.2), R&D (section 2.3) and the complementary role
of control and command regulation (section 2.4) will enable us
to illustrate this approach in detail.

2.1. Tax vs. Cap and Trade: The Case for Hybrid Instruments

In the final run-up to the Kyoto Summit, both cap and
trade and taxation were the focus of debate. Each of these
instruments has its advantages, which must be compared in
order to choose effectively.

In his seminal article, “Prices vs. Quantities” (1974),
Weitzman indicates that when the cost of environmental
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damage and the cost of mitigating such damage are uncertain,
the relative efficiency of “price” (taxation) or “quantity” (cap
and trade with fixed global cap) type regulations may vary in
favor of one or the other.

With taxation, players reduce their CO2 emissions up to the
point at which their marginal costs equal the value of the tax.
When costs are uncertain, the overall level of reduction is
uncertain, while the marginal cost of reduction remains certain.

Conversely, cap and trade with a fixed global cap leads to
an uncertain marginal cost and therefore to an uncertain
overall cost of reduction, while reduced volumes remain
certain. The cost-benefit analysis for the community therefore
differs depending on which instrument is used.

Weitzman showed i) the superiority of price mechanisms
when the curve of marginal environmental damage is relatively
flat (i.e. when in the case of quantitative variability the marginal
cost of damage varies little or shows little uncertainty), and
ii) the superiority of quantity mechanisms when the curve of
marginal costs of reduction is relatively flat (i.e. when in the
case of variability of quantities emitted the marginal cost of
reduction varies little or shows little uncertainty).

Presumptions regarding the risk of major damages in the
long run due to abrupt climate change argue in favor of quan-
tified targets in terms of cumulative annual CO2 emissions
over the next decades. In the absence of well-assessed proba-
bilities regarding extreme climatic events, this can be justified
also by the precautionary principle, like in the Stern Review.5

On the other hand, uncertain emissions reduction costs
resulting, in the short-term, from the impact of fluctuations
on the use of existing emitting facilities6 and, in the medium
term, from the uncertain cost of clean technologies, rather
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5. Cf. Stern 2006.
6. Interannual volatility of CO2 emissions in the electricity sector results from economic fluc-
tuation and the variability of climate (temperature and hydro flows), fossil-fired generation
being used to meet high levels of electricity consumption and low hydro generation. This varia-
bility over average of 10-20 years has no impact on climate since all that counts are cumula-
tive emissions. A five-year, quantified, non-adjustable target may be costly to the economy,
without benefit for the environment.
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argue in favor of a price mechanism in the short and medium
term. This would make it possible, thanks to a favorable tech-
nological context, to control the marginal cost of emissions
reduction while dramatically curbing the overall volume of
emissions.

In fact, the current perspectives on existing and future
clean technologies allows us to draw up, for the electricity
sector, a trajectory for significant emissions reduction over 40
to 50 years at reasonable cost.

This prospect was put forth in a recent study by the
International Energy Agency7 (among others) proposing long-
term scenarios (2050) based on a detailed assessment of the
various technologies, present and future.

This benchmark study shows that if: i) we choose now to
massively deploy the best clean technologies available, thereby
seizing the natural opportunity offered by the need to renew
today’s emitting plants; and ii) we prepare to deploy the tech-
nologies that will be ready in 30 years time, we could, by 2050,
reach a worldwide electricity mix with an emissions level half
that of the 1990s. Furthermore, this target could be reached at
controlled cost, i.e. a cost of CO2 avoided not surpassing on
average 25 dollar/tonne of CO2 (tCO2).8 These results are
similar to those of a study on the electricity sector by Bouttes,
Leban and Trochet (2006).

As an illustration, let us start with the realistic hypothesis
that by 2030 coal plants using carbon capture and storage
(CCS) will have reached a level of industrial and economic
maturity that enables them to be massively deployed. Let us
assume that by this time, CCS, used in conjunction with the
massive use of other existing technologies (demand-side
management, nuclear, renewables) will represent the marginal
means of CO2 emissions reduction at a cost of 50 euro/tCO2
with respect to standard coal technologies.9 Optimizing the
trajectory of CO2 emissions relative to a cumulative emissions
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7. Cf. IEA 2006a.
8. Cf. Tech+ scenario in IE 2006a.
9. As mentioned in IEA 2006a and a recent MIT report (cf. MIT 2007), lower costs are still a
target.
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target over 50 years, we can apply Hotelling’s rule10 and justify
the marginal cost of CO2 avoided (and therefore a price), that
increases over time, on the order of 12 to 25 euro/tCO2 in the
short run and 25 to 35 euro/tCO2 in 2020, depending of the
discount rate level.

This reasoning provides rationale for the use of a hybrid
“price/quantity” instrument, combining the ETS with a safety
valve or price floor, to make available technologies work
toward achieving a quantified emissions goal in the long run.

Over the past few years, a number of authors11 have
suggested using a safety valve as an instrument of climate
policy based on Weitzman’s original reasoning. As Pizer
explained (2002): “a hybrid policy gives producers the choice
of either obtaining a permit in the marketplace or purchasing
a permit from the government at a specified trigger price.
Such a policy operates like a permit scheme with uncertain
costs and fixed emissions as long as the marginal cost,
reflected by the permit price, remains below the trigger. When
the trigger price is reached, however, control costs are capped
and emissions become uncertain, as in a tax scheme. By setting
the trigger price high enough or the number of permits low
enough, the hybrid policy can mimic either a pure quantity or
pure price mechanism, respectively. Since it encompasses both
tax and permit mechanisms as special cases, the hybrid policy
will always perform at least as well as either pure policy.”

The main advantage to safety valves and prices floors is
that they encourage convergence of investor expectations
regarding the final price of CO2. This said, they warrant
further, in-depth discussion before implementing them.

This is a major issue that Helm and Hepburn’s proposal
for “carbon contracts” in the UK also aims to resolve. Carbon
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10. According to Hotelling’s rule, efficient exploitation of a non-renewable resource (which is
approximately our case, with a stabilized concentration of CO2 in the atmosphere targeted in
the long run), the percentage change in price per unit of time is equal to the discount rate over
the period of emissions (in excess of a reference level supposed to be low enough).
11. At both an academic level (Cournède and Gastaldo 2002, Ellerman, Joskow and Harrison
2003) and governmental (the US National Commission on Energy Policy 2004, RGGI 2005). See
also Baron and Philibert 2005, Philibert and Reynaud 2004 (IEA).
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contracts in some ways resemble the hybrid “price-quantity”
mechanism described above. Long-term CO2 contracts are
auctioned off by government in exchange for a commitment
to reduce emissions over a 20-30 year period. The successful
bidder gains an income based on the volume of emissions
avoided, at a price guaranteed for the long-term. As added
incentive to investors, risk allocation is improved because the
risk involved with long-term commitment to climate policy is
borne by the government and investors need only assume the
industrial and commercial risks tied to best technologies. This
incidentally provides incentive to the government to clarify its
own long-term commitments.

2.2. Cap and Trade and Security of Supply

The debate raised by Y. Smeers over free allocation for new
projects is key to the success of the ETS.12 It points to the multi-
plicity of public goals, particularly with regard to the combined
objectives of climate, security of supply and economic competi-
tiveness. The focus may therefore shift to European coal for rea-
sons of security of fuel supply, to reduce external dependency
on gas for instance. Similarly, backing for investment in genera-
tion capacity is advocated by some as a way to ensure security
of power supply (minimize the risk of loss of load).

Once again, before deciding which of the various instru-
ments to put in place to achieve these complementary objec-
tives, we would no doubt do well to weigh their respective
advantages and disadvantages and to analyze their interrela-
tion in order to avoid disappointment. Institutional economic
analysis provides possible criteria for assessment and deci-
sion-making.13

Firstly, common wisdom, backed by advocates theory,14

suggests that multiple objectives call for multiple instruments.

– Security of fuel supply would tend to require measures
other than cap and trade, such as diversifying gas supply,
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12. See, in this issue, Y. Smeers, “Description and Assessment of EU CO2 Regulations”.
13. See for example Dewatripont and Tirole 1999, Maskin and Tirole 2004.
14. See Dewatripont and Tirole 1999.
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rethinking relations with Russia and other producer countries
for instance or possibly taxing imported gas, the justification
being the “internalization” of a possible “externality” of secu-
rity of supply.

– Security of electricity supply, on the other hand, depends
on the ability of the generation fleet to meet demand in
extreme peak situations. This requires incentive to invest in
peak facilities and to ensure that all possible existing genera-
tion facilities are available during periods of high demand.
This implies that electricity prices be able to cover fixed costs
of investment in peak facilities.

A number of mechanisms have been considered or tried
on wholesale markets in Europe and the United States.
Capacity markets for instance involve remunerating installed
generation capacity based on availability during peak demand,
whatever the technology used to meet that demand. Financing
of the mechanism can be secured through demand-side
contracts for firm power shaving.15

Free allocation of CO2 permits could possibly provide
incentive to invest in generation facilities. Nevertheless, effec-
tive incentives to reduce carbon emissions would only hold on
condition there be a single allocation benchmark for all kilo-
watt (kW) invested, regardless the technology: a coal-
generated kW would receive the same CO2 allocation as a
wind (or gas or nuclear…) generated kW. But this bench-
mark allocation only applies to the supply-side of electricity.
On the demand-side, it remains less effective than the
combined use of a capacity market or of a sufficiently high
kWh price during extreme peak periods with full payment
of emissions by new projects, which make it possible to
influence demand through electricity prices and consumer
incentives to save energy –and therefore CO2– during periods
of peak demand.

Developments like these involving the price of electricity
bring us to the debate over the “windfall profits” which elec-
tricity producers are said to have benefited.
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We must bear in mind that for the users of wholesale
markets (producers, traders, wholesale customers), the
reasoning in terms of opportunity cost is irrefutable: the inte-
gration of the CO2 reduction marginal cost into the marginal
cost of electricity and into the market price is mechanical and
consistent with competitive equilibrium. This provides added
incentive for energy efficiency, which is where much of the
potential for reduction resides.

This situation can nevertheless be handled intelligently in
that, like supply, key demand-side solutions also constitute
long-term investment choices. As short-term elasticity is low,
high short-term CO2 price has little effect. It is better to start
with a moderate price to smooth over the transition while
sending clear signals for the future and consequently for
investment decisions.

This same reasoning leads us to endorse a rapid, Europe-
wide phase-out of free allowances for existing facilities, in a
context of gradual increase in electricity prices. The measure
is easy enough to calibrate, and could at last forego discussion
over “windfall profits.”16

2.3. R&D Policy Instruments for Non-Mature Technologies

A cap and trade program with the right market design
would provide investors with institutional visibility and long-
term price signals (20-30 years). This would enable them to
steer investment toward low or non-emitting best technolo-
gies. But it is not enough to provide the incentive needed to
accelerate mass deployment of technologies whose industrial
and commercial maturity is still far off. Other instruments can
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16. Incidentally, in order to avoid common misunderstandings, it is important that we clarify
the meaning of key expressions and use them with rigor and precision:
– Considering that most new plants in Europe are built by existing gas or electricity companies
(be it inside or outside of their previous area of service), “new projects” would be more suitable
than the term “new entrants” used currently in the ETS Directive;
– “Grandfathering” should be used in the American sense, i.e. strictly limited to allowances
allocated prior to the Directive;
– We should also be aware of the proper use of “windfall profits”. Since new plants have to be
developed anyway, the competitive market price should reflect the total cost of an efficient
new plant, including investment and maintenance costs and not only variable fuel costs.
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and must be used to complete the picture. The choice of tools
could, in our opinion, rely on a distinction between technolo-
gies based on a double segmentation:

– The first segmentation breaks technologies down into
three categories according to how mature they are: 1) tech-
nologies nearing a competitive phase for which the main issue
is to lower costs through progress on the learning curve, e.g.
wind power; 2) technologies whose costs are still far from
competitiveness and that require further advancement, e.g.
CCS or generation 4 nuclear; 3) technologies which, to mature,
will require technological breakthroughs and are therefore still
in the R&D phase, e.g. hydrogen fuel cells;

– The second segmentation distinguishes between two
types of equipment: 1) large scale facilities (100 MW or more,
requiring several hundred million euros in investment) which
involve sizing government financing according to the degree
of maturation of the various technologies, fostering public-
private partnerships and providing regulatory conditions
conducive to the deployment of the facilities; 2) small scale
equipment intended for more diffuse uses and often installed
directly in consumer homes, like heat pumps and solar water
heating. This last category will require public authorities to
lower the transaction costs that tend to hinder the deployment
of technologies that have reached or will soon reach maturity.

The junction between these two segmentations determines
how specific targeting of public policies will be adapted for
each technology.

Let us take three examples from the electricity sector:
– For CO2 capture and storage,17 the right public policy

instruments would help to accelerate the construction of
industrial demonstrators, thus enabling the validation of the
main technological options under competition, and to deter-
mine an adequate regulatory framework on CCS. Insofar as
the range is broad enough,18 with the potential and degree of
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17. For a more in-depth analysis of the technological aspects of CCS and the public policy for
implementation it implies, we refer the reader to the MIT Report on coal (MIT 2007).
18. Three major technologies for capture: postcombustion, oxycombustion and precombus-
tion; and two main geological solutions for storage: deep aquifers and depleted oil and gas
fields, to which must be added the various generation technologies associated (coal and gas).
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maturity for each of them still heterogeneous, it seems indis-
pensable to size public support based on thorough analysis of
each available technology. Lastly, public policy in this area
must closely follow the dynamic rise of demonstrators to
prepare the transition from today’s prototypes (a few dozen
MW) to industrial deployment (several hundred MW and
several million tonnes per year of CO2 to be stored).

– Other mechanisms are needed for photovoltaics.
Photovoltaics are very different in terms of expected maturity
and, as with diffuse technologies, industrial characteristics.
Their current level of cost, in Europe, roughly ten times higher
than competitive technologies, suggests we intensify efforts
on R&D rather than on encouraging immediate massive
deployment. In other words, lower costs for photovoltaics
seem more likely to come from technological breakthroughs
than from mere progress on the learning curve. However there
are other arguments in favor of their rapid deployment. These
include the development of a new high technology sector and
thus job creation, as well as increased consumer awareness of
diffuse technologies. These are legitimate arguments that only
serve to illustrate our point that the multiple goals of public
policy should be clarified and quantified.

– As for wind power, the degree of industrial and commer-
cial maturity reached by on-shore technologies suggests that
we are already most of the way down the learning curve. Thus,
we can expect that the market price of CO2 in an ETS with
improved market design will soon suffice to incite investment
in this area.

2.4. Complementarity of Control and Command Instruments
for a Consistent Energy Policy

Public policy must take into account complementary tools
not only to meet its varied objectives. Cap and trade alone,
even with improved market design, will hardly be able to
fulfill the specific goal of the ETS, which is to orient invest-
ment at least cost. Other measures are a very real necessity for
the success of the energy policy of which the ETS is but a
part.
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– On the supply side, the right incentive for the massive
development of new clean generation technologies will have
little effect if it is not possible to actually build them, and
rapidly. The price mechanism is dependent on clear proce-
dures for licensing and siting authorization which are able
to address local opposition (Nimby syndrome). This is true
whether it be for boosting wind power capacity, bolstering
transmission and distribution systems, or building new coal
or nuclear plants, methane terminals for liquefied natural gas
(LNG) and, later, CCS;

– On the demand side, procedures for standardization and
labeling of electrical appliances must go hand-in-hand with
CO2 and electricity price signals; home insulation and heat
pumps should be encouraged using tax breaks that compen-
sate for an “imperfect” housing sector and provide benefits to
both homeowners and tenants.

Obviously, the analysis and complementarity of these
various instruments, especially price and control & command
mechanisms, are applicable not only in the electricity sector
but also to mature technologies in other energy-consuming
sectors, such as transport. London’s urban toll mechanism,
carried out in parallel with an efficient public transport
program, is one such example. The toll alone, without the
transport program, would have little impact given low
consumer elasticity in the absence of a substitute for taking
the automobile. Conversely, the development of public trans-
port will be less efficient without a CO2 price signal that penal-
izes using gasoline for automobiles.

3. ETS in an International Perspective

In dealing with CO2 regulation in Europe, we must consider
how this public policy instrument fits in with the current
international framework and the negotiations underway. The
international perspective should enable us to shed light on two
decisive components for the future of the ETS: the opportunity
offered to build a genuine sectoral approach for electricity in
Europe on one hand, and issues of competition between sectors
and between countries on the other.
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3.1. Toward a Sectoral Approach in Europe

The history of the ETS is closely tied to the international
negotiations on climate change that led to the Kyoto Protocol.
So closely tied, in fact, that it tends to efface the distinction,
useful though it may be, between negotiations held at inter-
national level and those at European level.

Each of these two levels has its own dynamics and its own
capacity for commitment and control which are, by nature,
very different. Measures taken by the international commu-
nity and those of Europe should, in our view, be considered as
much more complementary than they have been to present.
While an international agreement is indeed of utmost impor-
tance, we cannot allow the ETS to remain a mere offshoot, an
approach which has, symptomatically, led to aligning the ETS
Directive deadline with the Kyoto Protocol.

Europe has the capacity to commit to the long-term, stable
design needed for an efficient ETS. Europe needn’t, therefore,
adhere to the reasoning behind periodic renegotiation at
international level. But if the European position is to be more
than a scale model of international architecture, it will no
doubt be necessary to reconsider the subsidiarity that continues
to characterize the EU ETS.

Indeed, in its current form, the ETS appears to be more of
a patchwork of national mechanisms than a unified system.
Yet, it is both ineffective and costly (in environmental terms)
to leave the definition of allocation rules up to the subsidiarity
of each country, a process where, as Greisham might have said,
“bad rules drive the good rules out of circulation.” This is a
recurring issue that we can illustrate with an example from
electricity. Let us imagine a country decides to allocate free
allowances to new plants while its neighbors decide the
contrary. The consequences are fairly mechanical: countries
where new projects do not pay their emissions, and therefore
with massive investment in plants that are CO2-inefficient but
also inexpensive, will compete with neighboring countries
with plants that respect the environment but are less compet-
itive economically. Ultimately, the “virtuous” countries will
align their own rules with the “bad rules” of their neighbor.
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There is at present both an urgent need and an opportunity
for a truly European public policy framework. A European sec-
toral approach for electricity would be based on an ETS with a
cap defined at the European level for the whole sector and a sin-
gle declining rate. In such a European scheme, all existing emit-
ting plants would receive the same percentage of their past
emissions, year by year, and all new plants would pay for their
emissions irrespective of the country where they are located.

Such Europe-wide mechanisms would dramatically foster
incentive to invest in lowest emitting technologies, while at
the same time helping to resolve the State Aid issues that are
currently growing within the EU.19

3.2. Competition Between Substitutable Sectors
and Between Countries

When broaching a possible sectoral approach in Europe,
two open questions arise: ETS scope and international compe-
tition.

– At European level, decisions have to be made as to which
sectors it is adequate to include within the EU ETS. There
should be discussion on broadening, as much as possible, the
range of sectors included within the European trading scheme,
beginning with the current scope which appears too restricted.
Some sectors with a significant potential for emission reduc-
tions are presently outside the ETS scope.20 These are highly
substitutable emitting sectors, that is to say sectors which can
be substituted with electricity at a cost comparable or inferior
to the price of CO2 avoided for electricity. Heating is a good
example: substantial CO2 abatement can be achieved by end-
users through the substitution of fossil fuel technologies with
heat pumps, an example to which Japan can testify with its
very active policy in this area.

The transport sector could also be taken into consideration.
For automobiles, future substitution of fossil-fuel vehicles by
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19. As a “second best solution”, one could also envisage a common technology benchmark
across Europe, but this would leave open some equity issues due to past investments.
20. See, in particular, the Eurelectric report “The Role of Electricity”, 2007.
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plug-in hybrids could be greatly encouraged through a CO2
price signal applied to this sector. Yet, this example might
constitute a limit-case: as mentioned earlier, the extension of
the ETS perimeter should carefully take into account the state
of maturity of substitute technologies. Indeed, it would be coun-
terproductive to include sectors with too high substitution
costs: this would increase the price of CO2 across the whole
market with very little gain in terms of emission reductions.

– Finally, the impact of the ETS or other European climate
mechanisms on Europe’s competitiveness with respect to other
parts of the world warrants a closer look. This is a real
economic and environmental challenge given the risk of CO2
leakage, that is to say the risk that GHG intensive firms relo-
cate to countries lacking stringent CO2 emission regulations.
The issue is open for assessment and recommendations.

Implementing a cross-border adjustment mechanism at
the European level21 could be one possibility. This mechanism
requires that the carbon content of products imported by
sectors under the ETS be treated as if the products were of
European origin. Goods coming from a country where there is
no system equivalent to the ETS, would be subject to the
purchase of allowances just as if they were produced within
the EU.

An ETS safety valve could be an other possible measure
for addressing leakage. Setting the price-cap sufficiently low
in the short-term and at a reasonably increasing level in the
medium term might mitigate leakage in a context where
competing countries would progressively join global efforts
against GHG emissions.

Both potential instruments have to be discussed in-depth
to assess their possible impact. An assessment which must
take into account a changing international landscape which
includes countries like the United States, which may very well
implement their own CO2 market within the next 5-10 years,
and developing countries like China and India where such
implementation will probably take longer, but where other
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21. See Ismer and Neuhoff 2004, Godard and Avner 2007.
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mechanisms are nevertheless likely to emerge in the short run
through Sustainable Development Policies and Measures
(SDPAM) or sectoral commitments.

4. Conclusion

The credibility of European leadership in its efforts to
mitigate climate change rests with achieving tangible CO2
emission reductions. In the electricity sector, such results are
attainable –at controlled cost– insofar as competitive CO2-free
technologies already exist and new technologies are visible on
the horizon, especially those able to augment potential reduc-
tions in the most emitting facilities (coal and gas).

The ETS can and must play a fundamental role toward
implementing this technological scenario. To this end, we have
pointed throughout the article to four main conditions:

– Reform current ETS design in favor of a system where
all new projects pay for their allowances, where rules are
stable and designed for the long run with the possibility of
“banking” over time;

– Build a truly European ETS, letting go of the national
positions currently in force in favor of European market rules;

– Ensure that the technologies of tomorrow will be ready
on schedule thanks to R&D policies adapted to each;

– Enable investment to effectively move forward by
improving siting procedures.

To these we might add another, equally crucial condition:
the need to act fast…
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Investment in Low Carbon Technologies,
Policies for the Power Sector

Karsten Neuhoff*

1. Can we Create Emission Reductions – Before 2020?

Figure 1 is the most optimistic picture that economists
can show for our ability to reduce CO2 emissions. It shows
across a set of OECD countries what energy prices society
faces, where the main differences are driven by different
energy tax levels. The prices are depicted against the use of
energy per unit of gross domestic product (GDP) in the society.
A strong relationship between energy price and energy use
per unit of GDP is apparent: countries with twice the energy
price require half the energy for the production of one unit of
GDP. Note, that this does not necessarily reflect a causality –it
could just as well be that energy efficient economies dare to
charge high energy prices, that societies that are more energy
conscious implement both higher energy taxes and regula-
tions that require energy efficient housing and transport
sectors, or that high energy prices result in a relocation of all

* Karsten Neuhoff is Research Associate at the Faculty of Economics, University of Cambridge.
The author is grateful for comments on earlier drafts from Andreas Ehrenmann and Jan Horst
Keppler. Financial support was received from the UK research council under the grant TSEC and
from Institut français des relations internationales.

 
©   Ifri, 2008 
  

 ©
   

Ifr
i, 

20
08

 
 

 



 ©
   

Ifr
i, 

20
08

 
 

 

energy intensive industry. In practice it seems difficult to
argue that for example Germany, which exhibits relatively high
GDP per unit of energy does not have energy intensive produc-
tion. It seems likely that the optimization of production
against higher input factor prices contributed to the more effi-
cient use of energy. There is much consensus that institutional,
legal and behavioral aspects, that are required to move our
societies towards lower CO2 intensity, play a core part on the
pathway. However, the focus of this essay remains on the price
effects.

Most of the differences in energy intensity can be attrib-
uted to different investment choices –in the transport, housing
and industrial sectors. Hence, we are interested in under-
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Figure 1. Relationship Between Energy Intensity of an Economy
and Average Energy Prices
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standing how emissions trading will drive investment choices.
Investment choices, especially in infrastructure, are typically
associated with long time frames dictated by replacement time
frames. Figure 2, however, illustrates that the newly liberal-
ized UK electricity market in the early 1990s did deliver a
rapid investment in new combined cycle gas turbines (CCGTs)
that allowed this new technology to capture the biggest market
share of UK power generation within half a decade. This
suggests that market environments can drive a rapid change
if the appropriate framework creates sufficient certainty for
the investors. In the UK example, power stations could be
financed against the revenue security provided by long-term
contracts for gas sales and power take off from regional elec-
tricity companies.

Currently a similar certainty about the market framework,
fuel and CO2 prices is, however, not perceived by investors.

Investment in Low Carbon Technologies, Policies for the Power Sector 119

Figure 2. Generation Share of Different Fuels in the UK
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The Stern Review on the economics of climate change under-
lines certainty1 about the carbon price which is imperative
for investment:

“In order to influence behavior and investment decisions,
investors and consumers must believe that the carbon price
will be maintained into the future. This is particularly impor-
tant for investments in long-lived capital stock. Investments
such as power stations, buildings, industrial plants and aircraft
last for many decades. If there is a lack of confidence that
climate change policies will persist, then businesses may not
factor a carbon price into their decision-making. The result
may be overinvestment in long-lived, high-carbon infrastruc-
ture –which will make emissions cuts later on much more
expensive and difficult.

“But establishing credibility takes time. The next 10 to
20 years will be a period of transition, from a world where
carbon-pricing schemes are in their infancy, to one where
carbon pricing is universal and is automatically factored into
decision making. In this transitional period, while the credi-
bility of policy is still being established and the international
framework is taking shape, it is critical that governments
consider how to avoid the risks of locking into a high-carbon
infrastructure, including considering whether any additional
measures may be justified to reduce the risks” (Stern 2007,
p. 19).

This essay will briefly comment on mechanisms that are
currently discussed to (i) increase investor confidence about
different pricing mechanisms and (ii) to ensure sufficient
investment into new power generation capacity.

2. Mechanisms to Provide Confidence in Future CO2 Prices

The European Union Greenhouse Gas Emission Trading
Scheme (EU ETS) is closely linked to, albeit not dependent on,
the international Kyoto framework, and has therefore also
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defined commitment periods of a five year length. This limits
the long-term visibility of both the future level of ambitions as
reflected in National Allocation Plans (NAPs) and implied
prices and the future allocation methodology.

To address these uncertainties, proposals have been put
forward for governments to commit for longer periods
(Ahman, Burtraw et al. 2006). The EU review on the Emission
Trading Scheme also explicitly includes long-term government
commitment as a discussion topic.

However, concerns are raised from both an economic and
political perspective. The setting of any sectoral CO2 emissions
cap involves negotiation between government and industry.
Past experience suggests that industry –as well as independent
observes– tend to underestimate abatement opportunities
hence overestimate their costs. A review commissions by the
UK Department for Environment, Food and Rural Affairs best
reflects the continuous discrepancy between ex ante costs esti-
mates and ex post realized costs (Figure 3). One might argue
that the results do not directly translate –as CO2 emissions are
in most cases linked to energy consumption of industry and
therefore there is a longer history of efforts to reduce CO2 emis-
sions than there was in reducing other pollutants before the
introduction of the corresponding regulations. However, the
repeated over-estimation of costs of fuel standards suggests that
even where initial efforts were made, the costs of subsequent,
more stringent, standards were over-estimated.

If the argument that policy processes underestimate abate-
ment potential translate to CO2, then longer commitment
periods are likely to result in more lenient targets. This is
because with shorter periods the initial abatement experience
can be reflected in the subsequent target settings. If the target
set in a longer commitment period turns out to be too lenient
either relative to abatement potential or scientific evidence
and political importance attributed to climate change, then it
might be revisited, and could thus be less credible. The benefit
of more evidence-based target setting faces the trade-off with
the policy stability of long-term targets may bring to facilitate
investment decisions.
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Rather than formulating a longer-term commitment in
terms of overall caps, it has been argued that at least the alloca-
tion methodology should be determined for a longer time frame
(Ahman and Holmgren 2006). For example, without defining
future allocation under the EU ETS, industry anticipates scenar-
ios where the status quo allocation method persists into the
future, whereby they continue to receive large volumes of free
allowances based on current emissions. This distorts incentives
as power generators are less inclined to reduce emissions or
close inefficient plants (the early action problem). The use of
benchmarks will support efficiency improvements in existing
installations even without longer commitment periods. To
avoid distortions of closure incentives requires a longer term
commitment to a base year for the allocation would be required.
But the credibility of such commitment is weakened by the real-
ity of political difficulties in promising to allocate allowances
potentially worth hundreds of millions of euros to installations
that have been closed.

The distortions arising from distributing allowances for
free are removed by a shift to allocation by auction (Hepburn
et al. 2006). The regional emission trading scheme to be imple-
mented by the North East States of the US envisages a
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Figure 3. Ex Ante and Ex Post Cost of Selected UK Policies

Source: AEA Technology Environment, 2004.
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minimum of 25% auctioning with major states like New York
committed to 100% auctioning (Reference RGGI scheme).
Commitment to a minimum level of auctioning of allowances
translates the commitment to a maximum level of free alloca-
tion and thus could limit the early action problem. Remaining
free allowance allocation is usually seen as a means to address
competitiveness in an international environment where other
countries do not implement stringent emission controls. For
example, to make border tax adjustment for CO2 costs compat-
ible with WTO rules auctioning would be necessary. However,
it is currently unclear whether free allocation is the most suit-
able approach. It is also unclear to what extent other countries
will follow with stringent emission policies post-2012. Longer
term commitments to an allocation methodology could formu-
late lower bounds for the use of auctioning and the use of
benchmarks.

Banking of CO2 allowances between periods can in some
circumstances increase the price stability (Newell, Pizer et al.
2005), as US emission trading experience has shown (Ellerman,
Joskow et al. 2000). Certainly banking towards the period 2008-
2012 would have prevented CO2 allowances of the period 2005-
2007 to fall towards zero as excess supply (due to an insuffi-
ciently stringent cap) was a generally shared market perception
by early 2007. Given the nature of a test period, this was a delib-
erate design choice of the system, while banking is allowed
between subsequent commitment periods, thus reducing the
risk of very low prices towards the end of any future period.
However, banking will not necessarily increase overall price
stability as it allows for expectations about future scarcity levels
to feed back into today’s allowance price.

The potential role for an independent carbon committee
or bank to guard stability of CO2 prices has been explored
(Helm, Hepburn et al. 2003), applying the principles of inde-
pendent central banks to control stability of currencies.
However drawing conclusions from this parallel is limited as
the time frames for which the market requires commitment
differ. The relevant time frames are months to a year for an
independent central bank, i.e. the periods for which market
participants have to decide on wages and prices, so as to avoid
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triggering inflation. Within that time frame the independence
of the central bank is credible. If government wanted short-
term increase of GDP by unexpectedly increasing money
supply, major effort would be required to replace the inde-
pendent central bank and economic repercussions of the
disturbance might out-weight any benefit.

An independent carbon committee has to retain credibility
in time frames in the order of ten years to facilitate investment
decisions. However, this can potentially conflict with shorter
government time frames –if a government wants to harvest
short term economic gains from abandoning robust carbon
prices although this would be at the cost of long-term losses in
terms of lower innovativeness of society, less credibility of
environmental policy and higher emissions. Hence the carbon
committee might require complementing government commit-
ments, using international processes, contracts or other means,
to provide sufficient long-term credibility.

International agreements are likely to play an important
role in providing credible long-term commitments for govern-
ments. An additional idea that could strengthen the commit-
ment, or allow countries to sequentially tighten their
commitment is the issuing of option contracts on the CO2
allowance price in some future year (Ismer and Neuhoff 2006).
Assume a European call option with physical clearance, a strike
price of 20 and an expiration date of 2015. If the CO2 allowance
price exceeds 20 in 2015, then the option has no effect, e.g. it
does not constitute a general market intervention but only
provides a downward price protection. If the allowance
price falls below 20 then an owner of the option could buy an
allowance in the market and return this allowance
together with the option contract to the government in
exchange for 20 euros. Hence the option provides a hedge for
low carbon investments. Moreover, as option owners take
allowances from the market and return them to the govern-
ment, the scarcity of allowances increases, and the allowance
price will also increase. If the government has issued sufficient
option contracts, then these contracts will establish a price floor
and thus protect investors both in projects and in technologies
that would not be viable without a minimum level of strin-
gency of future climate policy.
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The purpose of selling the options is to create commercial
contracts between governments and private buyers which are
well protected by property rights and thus allow governments
to credibly commit to a minimum level of stringency of future
carbon policy and thus facilitate investment in low carbon
technologies.

3. Concerns About Insufficient Investment in Power Generation

The power sector is frequently expressing concerns that it
is difficult to invest in new power generation in liberalized
electricity markets. With increasing electricity demand and
decommissioning of some nuclear and coal plants the previ-
ously excess generation capacity is vanishing and new invest-
ment is required. It is frequently argued that the expected
revenues from power sales would not justify such an invest-
ment. The argument can be stylized as the missing money
argument (Joskow 2006).

Figure 4 illustrates a marginal generation curve for a
simplified generation mix. For most of the hours of the year
(x-axis), the installed capacity base load generation technology,
for example combined cycle gas turbines, suffices to meet
demand. In the competitive environment the different
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generators undercut each other and therefore recover any
fixed costs during this period. During peak periods additional
peaking units, perhaps open cycle gas turbines, are used. CCGT
plants are cheaper to build but more expensive to operate.
Thus they set a higher market clearing price which allows the
base load generator to recover some of the fixed costs.

However, if peaking units are at the margin, then they
only recover their variable costs, again raising the question as
to how they could cover their fixed costs. The market model
would assume that in some periods all units are dispatched
such that scarcity of generation capacity pushes up the price
to the level at which demand responds and reduces or delays
some energy consumption. These hours of higher prices then
provide the additional revenues to recover the fixed costs of
the peaking units.

There are various concerns as to whether this equilibrium
approach to investment in power generation reflects the
reality of electricity markets. First, if prices rise too much or
stay high for long periods of time, then regulators are tempted
to bow to public concern about distributional effects or exer-
cise of market power and implement price caps, thus reducing
the revenue towards the generator’s fixed costs. Second,
incomplete market designs or high transaction costs inhibit
many demand side participants from reacting to spot prices
thus reducing the demand responsiveness. Third, governments
might bypass the market mechanism. At times of scarce
generation capacity, a regulator could use alternative mecha-
nisms to attract additional generation investment, thus muting
the scarcity signal and the necessary revenue to recover the
capital costs of existing generation assets. Finally, to the extent
that large fractions of consumers are on short-term contracts,
it might become increasingly difficult for new investors to
hedge long-term investment with long-term contracts. Risk-
averse investors would then supply less generation capacity
than socially desirable (Neuhoff and de Vries 2004).

Several proposals have been discussed that might address
these concerns (quote summary paper by de Vries):

– The market design for power markets –especially short-
term and balancing– could be improved to ensure that the
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short-term prices reflect the real scarcity level including the
expected costs of lost load (Hogan 2006). This would result in
a smoother price signal and would allow prices to exceed
marginal costs more frequently thus reducing the need for
politically difficult spikes.

– Demand side or agents acting on behalf of the demand
side can be required to sign long-term contracts for generation
capacity to match future demand. If these contracts stretch
sufficiently into the future, then contracts that can not be
matched with existing generation assets will induce the
construction of new power stations. The approach has been
implemented in a decentralized format as capacity markets or
with a more centralized structure as capacity payments. The
open challenge is to allow for non-discriminatory treatment
for different generation technologies with different levels of
availability, predictability and correlation of their output.

– Market power of generation companies, either deliber-
ately allowed for or to the extent that it is difficult to control,
results in market prices above marginal costs and therefore
provides for the necessary revenues.

As the need for new investment coincides with the evolu-
tion of the European Emission Trading Scheme, Y. Smeers
proposes to discuss allocating allowances for free to new
power stations.2 The value of this allocation could be inter-
preted as a subsidy that provides for the otherwise missing
money. While this paper argues that the approach is not a
first best solution, it suggests that it is a pragmatic second
best approach. There are concerns that the approach might
not achieve the desired objective while risking several unin-
tended consequences.

First, the economic instrument of emission trading has to
reflect the cost of CO2 externalities in product and interme-
diate product prices to trigger the appropriate substitution
effects. Otherwise all emission reductions have to be achieved
with optimizations within the production process of inter-
mediate products. Subsidizing investment in high carbon
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technologies will reduce their long-term average costs and
could –subject to all the aspects that will be discussed below–
reduce their price. This would reduce the substitution to lower
carbon input factors and thus increase costs for society.

Second, if the purpose of the scheme is to ensure that
sufficient generation capacity will be available to meet peak
demand, then the payment should be linked to availability
during peak demand to create the appropriate level of incen-
tives for high availability of power stations and demand side
response. For this purpose many of the capacity payments
schemes are linked to availability during peak periods.

Third, stable and high returns facilitate investment. In our
simplified model the volatility of the returns of all technolo-
gies but coal increases if CO2 allowances are used as invest-
ment subsidy. Thus, even if a homogeneous benchmark
provides the same amount of free allowances to all technolo-
gies, such a subsidy will be more valuable for coal (because it
reduces return volatility) than for other technologies (the less
carbon intensive the technology, the higher the increase in
return volatility).

To illustrate the effect, assume a system with peaking,
coal, combined cycle gas turbines and hydro generation
(Figure 5). The peaker sets the price at 15% of the time, with
the remaining times the more expensive of either coal or gas
setting the price.

Figure 6 illustrates net profits –e.g. revenues that are left
over after covering variable costs– for 0 and 25 euro/tCO2
prices.

This shows that for all technologies, except coal, the
volatility of net returns including the value of free allocation
increases. Thus free allowance allocation increases investment
risk for non-coal assets –thus creating a bias against other
technologies even if allocated using a technology neutral
benchmark.

Fourth, if we subsidize new installations today, then
market participants might anticipate that we will also subsi-
dize new installations in the future. This could reduce future
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Figure 5. Assumptions About Variable Fuel Costs and Emission Costs
for Simplified Model
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Figure 6. Net Revenue of Fixed Generation Mix Under Different CO2 Prices
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market prices and future returns, and could require higher
prices today to make the investment viable. Companies would
wait for these higher prices, and delay their investment deci-
sions.
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This effect can be illustrated in a simple spreadsheet
model. Assume a competitive market with only one type of
power stations. Investment costs are 1,000 euro/kW and need
to be recovered over 7,500 hours per year over 25 years at a
weighted average cost of capital of 10%.

Figure 7 illustrates that without a free allowance alloca-
tion the power stations will make on average a margin of
13.3 euro/MWh above variable generation costs and thus
recover the investment costs over the live time of the project.

If only investors in the year 2008-2012 receive a new
entrant allocation, at a benchmark of 750g/MWh for their
expected 7,500 annual operating hours, then the value of this
subsidy does not need to be recovered in the energy market
and will thus give an incentive for additional investment in
2008 and result in lower electricity prices 2008-2012 (ignoring
time delays of investment, etc.). Post-2012 additional new
generation capacity again has to recover the full 13.3 euro/MWh
margin, and this marginal new generation capacity set the
electricity price.

If investors anticipate that new installations post-2012 will
also receive new entrant allocations of the same volume and
valued at the same CO2 price, then these future investors will re-
quire lower margins on their power sales to recover their fixed
costs, resulting in slightly higher future investment.
Equilibrium electricity prices would be only 5.9 euro/MWh
above variable costs. This reduces revenues for today’s in-
vestors, and they would already require a positive contribution
of 5.9 euro/MWh to their fixed costs in the period 2008-2012.

If CO2 prices increase in a more stringent future, perhaps
internationally coordinated, climate policy, then the value of
the future subsidy could be higher than the value of today’s
subsidy. Figure 7 illustrates the implications of CO2 prices
increasing from 20 to 30 and from 10 to 20. In the later case
the value subsidies for new installations post-2012 is signifi-
cantly higher than the subsidies for new installations in the
period 2008-2012. To compensate for this, the equilibrium
price in the period 2008-2012 is higher than in the case
without subsidies for new installations.
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This simple example illustrates that targeted subsidies for
new installations might not achieve the desired effect. Once
the principle is established that power stations can be treated
differently, then the concept of investment based on revenue
from wholesale market is put into question. This reflects the
US experience, where investors complained heavily about local
market power mitigation procedures that resulted in differen-
tiated payments across power stations (Twomey et al. 2005).

Fifth, if we are to commit to allocating allowances to new
installations for longer periods, then this will reduce the flexi-
bility of future governments, for example in implementing
instruments to address industrial competitiveness concerns
such as output based allocation or border tax adjustment. The
first is pre-empted if allowances are already allocated, the sec-
ond is only feasible if allowances are auctioned (or sold on the
market) as they otherwise do not represent real costs that are
the basis for adjustments. This does not imply that we do not
require long-term visibility with credible commitments towards
a combination of future caps, levels of stringency, minimum
levels of effort, or price floors for future years. However, any
of these commitments can be implemented without reducing
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Figure 7. Equilibrium Margin Required to Finance Marginal Power Station
as Function of Current and Future CO2 Prices and New Entrant Allocations
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the flexibility to address competitiveness, increase the level of
stringency or renegotiate burden sharing.

Sixth, the European experience with free allowance alloca-
tion shows that repeated free allocation creates early action
problems with distortions of investment, maintenance, opera-
tion and closure decisions. The public debate about windfall
profits that was initiated when power prices reflected the
robust CO2 prices in 2005-2006 also points to significant distri-
butional concerns relating to long-term free allowance alloca-
tion. The phasing out of free allowance allocation is therefore
on the agenda of policy makers, thus schemes that want to use
the same free allowance allocation to incentivize investment
might either not be credible or lock us into an unnecessarily
prolonged time of free allowance allocation.

Seventh, there is an economic principle, that one economic
instrument should only be used to achieve one objective, as it
can otherwise not be targeted efficiently. Using emission
trading to incentives investment in power generation seems to
violate this principle.

Finally, given the complication of developing allocation
methodologies in the political process and the uncertainty
about carbon prices, it seems very hard to fine tune a free allo-
cation system that mimics a capacity payment.

4. Conclusion

Internalizing the cost of CO2 into the market is one objec-
tive of economic policy to tackle climate change. Such policy
needs to be complemented by policies that address (i) institu-
tional and legal constraints and behavioral inertia and
(ii) targeted support of innovation and deployment for low
carbon technologies.

Most emission reductions will be achieved as we change
our investment behavior towards using lower carbon tech-
nology. Investors usually have a 10 to 20 year perspective over
which they aim to recover the initial investment costs.
Therefore it is important that investors are confident in the
persistence of a robust carbon price signal over that time
frame. However, the carbon market is a created market where
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both supply and demand are determined directly by regula-
tory and policy choices and thus subject to particular strong
uncertainty about the long-term evolution of the prices. This
suggests a good case for governments to credibly commit to
this market and the quantitative framework. Governments
could use several approaches to deliver this commitment. For
example for EU ETS phase II, governments can commit to
reserve prices for auctions of CO2 allowances. For longer hori-
zons, issuing long-term option contracts on CO2 price can
address uncertainty.

The uncertainty about future evolution of CO2 prices
appears at a time when recently liberalized power markets in
Europe require their first wave of investment. Various stake-
holders discuss whether sufficient investment will come
forward in the current framework –a discussion that is usually
disconnected from the discussion about the CO2 policy. The
paper briefly discusses various options how such concerns,
should they be material, could be addressed. In particular, a
proposal presented by Y. Smeers,3 to interpret free allowance
allocation to new power stations as a subsidy for investment
is analyzed. My preliminary assessment presented in this
paper suggests that the approach might deliver little additional
investment, as it increases regulatory uncertainty. But the
suggested free allowance allocation can contribute to further
regulatory uncertainty for investors, and is likely to discrimi-
nate against technologies other than coal.

This result is in line with “simple economic theory”
–where multiple objectives are met by multiple instruments.
However, distributional aspects and the resulting compromises
required from policy makers suggests that this simple theory
approach is not always viable, and second best approaches
that offer the opportunity to link different objectives (and
thus can bundle support from several stake holders) have to
be investigated. In this specific application the preliminary
analysis suggests that the implied economic distortions might
be particularly strong, arguing against the idea of using free
allowance allocation to support investment decisions.

3. See, in this issue, Y. Smeers, “Description and Assessment of EU CO2 Regulations”.
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We Do not yet Have the Answers,
but We Know the Right Questions.

Lessons Learned from the 2005-2007
Trial Phase of the EU Emission Trading System

Jan Horst Keppler*

1. The Challenges of a New Emission Trading System

Making a political and economic success out of the 2005-
2007 trial phase of the European Union Greenhouse Gas
Emission Trading System (EU ETS) was always going to be dif-
ficult. Never before such a massive emission trading system
had been implemented.1 In addition, the European effort was
hampered by politically difficult negotiations with member
countries about their National Allocation Plans (NAPs).
Currently, three months before the end of the trial period, with
spot prices hovering around 10 cent/tonne of CO2 (future prices

* Jan Horst Keppler is Professor of Economics at the University Paris-Dauphine and Director of
the Ifri Energy Program “European Governance and Geopolitics of Energy”.
1. The well-regarded US SO2 – trading system, frequently cited as a precursor of the EU ETS is
smaller. In 2005, US power plants emitted 10 million tonnes of SO2 (currently trading at the
Chicago Climate Exchange at around 500 dollar/per tonne) and 2.5 billion tonnes of CO2. This
means at prices of only 8 dollar/tonne of CO2, the size of the CO2 market would be four times
larger than the SO2 market. In comparison, the EU ETS comprises roughly 2 billion tonnes of
CO2 emissions of which about one billion is due to electricity production.
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for December 2008 delivery, however are at a healthy
20 euro/tonne), it is widely believed that free-riding EU member
countries achieved to negotiate an over-allocation of emission
permits. A strong rise in electricity prices during the first
18 months of the EU ETS when operators had to integrate up to
30 euro/tonne of carbon into their cost calculations also tested
the resilience of European electricity consumers.

Given these very mixed signals emanating from Phase I of
the EU ETS, what is surprising is not that there are now healthy
intellectual and political debates about different features of the
EU ETS (banking provisions, new entry reserves, different ceil-
ings for NAPs, amount of auctioning, investment incentives,
etc.) but that there is virtually no constituency calling for its
abolition. The European Commission has succeeded in the
always difficult task of creating a new marketable commodity
by putting a quantity limit on the availability of a resource pre-
viously considered unlimited and free.2

This is not to say that one can automatically look forward to
smooth sailing in the second 2008- 2012 trading phase. A num-
ber of serious issues remain and demand attention. They can
perhaps be summarized in the observation of Y. Smeers3 that
while the EU ETS is based on a relatively simple theoretical
model of static equilibrium, it has to prove itself in confronta-
tion with a complex dynamic reality. He also warns against for-
mulating theoretical “first best arguments” when in fact living
in an imperfect world. And, of course, he is right. Issues that
come immediately to mind in this context are the following:

– Does the EU ETS provide sufficient incentives for invest-
ment in power generation capacity?

– Can Europe’s energy-intensive industry cope with higher
electricity prices in global markets?
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2. Technically, what was previously considered unlimited was the earth’s absorptive capacity
of greenhouse gases. Trading systems of environmental goods with the objective to internalize
environmental externalities always face the difficulty of convincing the public to treat as an
economic good a commodity previously considered in free supply (and hence not commanding
a price). In the context of accumulating evidence for man-made climate change and the global
Kyoto Protocol, the EU ETS has mastered this first crucial step easily.
3. See, in this issue, Y. Smeers, “Description and Assessment of EU CO2 Regulations”.
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– Does the current system of free allocation perform well
in terms of efficiency and equity?

– To which extent shall the EU ETS be linked to the other
flexibility mechanisms under the Kyoto Protocol, namely the
Clean Development Mechanism (CDM) and Joint Implemen-
tation (JI)?

– Does the European Commission have too much or too
little power in setting national emission caps and conditions?

These are important questions. It would be foolhardy to
claim that we have all the answers. Yet, we should also note
that none of the issues currently constitutes a dramatic crisis.
More importantly, our knowledge about the working of the
EU ETS (which is after all a market with decentralized deci-
sion-making) and the possible solution to the above issues is
continuously improving. The 2005-2007 period (Phase I) was a
trial period. Experts, decision-makers and participants are
involved in a long-run learning process that is far from being
concluded but has already advanced considerably. So while we
do not have all the answers, we do have some. In particular,
we are now much better capable of formulating the pertinent
questions in a manner that they can be fed into political deci-
sion-making processes. In the following, we will briefly discuss
the most important open question surrounding the EU ETS
and draw the lessons –however imperfect and preliminary–
that we have learned so far. The first lesson simply is:
Lesson 1: Do not demand perfection from a prototype.

2. Prices and Investment
The most serious issue surrounding the EU ETS is the fact

that it has been unable to deliver a credible price signal in the
second-half of the trading period. Following the sharp decline
of prices in April-May 2006, when prices fell from carbon
prices fell from 30 euro/tonne of CO2 to 10 euros, the market
never completely recovered and began a long slide below
1 euro/tonne of CO2 until the beginning of 2007, when prices
settled at their current level of below 20 cents (see also Figure 1).
Supposedly prices reacted to leaked information about several
member countries where the gap between allowances and
actual emissions was greater than expected.
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In principle, there is nothing wrong with a market
reacting to incoming information about excess supply with a
price decline. Supporters of the system were quick to point
this out and concluded that there was no systemic failure but,
unfortunately, excess supply of allowances. So far, so good.
More worrisome is that there exists no convincing explana-
tions for the formation of carbon prices prior to May 2006. In
theory, prices should reflect fundamentals of the supply and
demand of carbon permits. One would thus expect prices to
equal the marginal cost of reducing one tonne of CO2 (for
instance, by improving efficiency in power generation or by
switching from coal- to gas-fired or even carbon-free genera-
tion such as nuclear or renewables). There is little evidence
that there was such a link. While several analysts focused on
the spread between gas and coal prices, there is ultimately no
link between the spread and carbon prices. In fact, carbon
prices were never high enough to overcome the price gap and
to warrant coal-to-gas substitution.

There is even less evidence that carbon prices were related
to the technical costs of improving carbon efficiency in power
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Box 1. Why the Length of the Allocation Period Matters

Imagine a power company has begun in 2000 to operate a large
power plant with a lifetime of 40 years and that it has received in
2005 one million tonnes of CO2 of allowances for free for each year
of Phase I (corresponding to its actual emissions in 2004). Reducing
emissions by 10% (100 000 tonnes) would cost 8 euro/tonne per year
(say, by buying better quality fuels). Imagine further that the Phase I
carbon price was 10 euro/tonne of CO2. In principle it would thus be
profitable to invest into emissions reductions and sell the surplus
emissions for 200 000 euros per year on the market (200 000 =
100 000 × (10 – 8)). However, in this case our power company would
receive in 2008 (the beginning of Phase 2) only 900 000 tonnes.
Assuming that prices stayed the same, it would thus make a loss of
1 million euros per year given that it would receive fewer valuable
allowances. Hence it will not invest in emission reductions. Had
initial allocations been for 40 years (or a similarly long period), the
company would clearly have had an incentive to generate the reduc-
tions, at least if it expected prices stayed above the marginal cost of
reduction.
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plants or industrial production. Even alternative short-term
theories such as an impact of electricity spot prices on carbon
prices, European temperature or rainfall, did not withstand
more extensive econometric scrutiny. Traders and observers
seemed to move effortlessly from one possible explanatory
paradigm to the next without ever accumulating firm evidence
for any of them.

This absence of a link between the carbon price and funda-
mentals has worrisome implications for the single most impor-
tant issue connected with the EU ETS, the question of
investment in power generation, and this for two reasons. As
investors sit on the sidelines waiting for the long-run price
scenario to play out, they waste (from a social welfare perspec-
tive) precious time in providing:

– the necessary investment in power generation capacity
in order to respond to growing electricity demand;

– the investment in low-carbon (gas, CHP [combined heat
and power]) or carbon-free production capacity (nuclear and
renewables) which over time is Europe’s only chance to move
towards substantial reductions in absolute carbon emissions.

From a private perspective their behavior is, of course
entirely, rational. In emission trading systems without auction-
ing it is not profitable to be carbon efficient from the start.
What is profitable instead is to be carbon inefficient (in order
to receive large amounts of allowances) and then make money
by becoming more efficient in order to be able to free up and
sell some of the emission permits.

However, Figure 1 in the contribution by K. Neuhoff4

clearly shows that implicit carbon prices are the single most
important indicator for differences in carbon intensity
between different countries. If there is thus a link between
carbon prices and carbon abatement efforts, why does this
link not show in the EU ETS? The explanation is simple. Prices
during the 1st phase of the EU ETS were a short-run phenom-
enon; the cross-section data used by Neuhoff shows the results
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4. See, in this issue, K. Neuhoff, “Investment in Low Carbon Technologies. Policies for the
Power Sector”.
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of long-term structural developments. In other words, the
three-year-period of Phase I was simply too short to provide a
meaningful price signal (see also Box 1).

Lesson 2: Short time horizons by public and private actors
prevent connecting prices to fundamentals.

3. Interaction with Electricity Markets

More than 1 billion tonnes of CO2 emission allowances
of the 2 billion tonnes under the EU ETS have been allocated
to electric utilities. (Total European CO2 emissions are around
4 billion tonnes, total greenhouse gas emissions about 5 bil-
lion.5) Unsurprisingly, they have been the most active buyers
and sellers of permits. The effect from constituting the largest
group of permit holders was compounded by the fact that
industrial allowance holders were sitting on the sidelines. Some
medium-sized installations that had received allowances are
also suspected to have lacked the necessary management focus
and expertise to actively participate in carbon markets.

More importantly, it was in electricity markets (and here,
in particular, in the futures market) that carbon prices had
their main impact. Simply eyeballing Figure 1 shows the
extremely close relation between the price of carbon permits
(lines 1 and 2; there was no significant difference between
spot prices and prices of future delivery in December 2007, as
one would expect in the case of a financial asset without alter-
native uses yielding no interest) and the price of the calendar,
the one year forward contract for electricity delivery.
Econometric analysis confirms this link.6 Electricity forward
prices, which determine the cost to consumers of more than
70% of total supply, thus moved with the carbon price from
35 euros at the beginning of the period to over 60 euros in
mid-2006 to around 50 euros at the end of 2006, which corre-
sponds to their current level.
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5. For details, see in this issue the introduction by J. Lesourne and M. Jauréguy-Naudin.
6. This close link between the prices of carbon and the calendar lasts until fall 2006, when
market participants realized that the slide of the carbon price towards zero due to over-supply
was inexorable. See presentation by J. H. Keppler, “The Link between Carbon and Electricity
Prices” at the Workshop “Evaluation of the ETS”, Paris, 19-20 May 2007.
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This is not to say that carbon prices are the only explana-
tion for massive swings in electricity prices. Resource costs,
scarce power generation capacity, limited availability of inter-
connection capacity all play a role in determining the cost of
long-term power supplies. There can be little doubt, however,
that carbon prices have contributed to large changes in elec-
tricity prices and thus to large changes in the profitability of
power operators.7 It is no secret that the share prices of all
major power companies, those with carbon-intensive as well
as those with largely carbon-free generation capacity, rose
strongly during the first two years of the EU ETS.

In theory, a permit allocation system implies for partici-
pating companies an increase in variable cost and a reduction
in resource rent. The fact that rent is now monetized might
impact balance sheets. In addition, infra-marginal rents were
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Figure 1. Spot and Future Prices for Electricity (baseload), and CO2

Source: Keppler (2007), Powernext.
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7. There has been much debate about the rate of “pass-through”, i.e. the extent to which higher
carbon prices fed through into electricity prices. The debate was cumbersome due to the fact
that it was primarily lead in terms of spot prices, which provided a muddled picture due to erra-
tic price movements in the short-run and the market power that utilities possess during peak-
periods. Focusing on the future market would have revealed that “pass-through” in a
competitive market will approach the theoretically predicted 100%.
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created by average electricity prices that included the full price
of permits (at least as far as the future market is concerned,
the focalization on spot market “pass-through rates” is some-
what misleading in particular because it maintains a link to
the question of market power of operators).

In electricity markets the issue of investment developed
above is also aggravated by uncertainties related to still unfin-
ished processes of liberalization and restructuring of the elec-
tricity industry. Due to the realities of price formation in
markets where storage is absent and demand inelastic,
retaining investment, in particular in the crucial market for
peak-load electricity, can be at the same time a necessary and
very profitable strategy.8

The issue is crucial. It is no coincidence that the most pro-
nounced disagreement between the contributions of K. Neuhoff
and Y. Smeers address precisely this point. While K. Neuhoff
would prefer to auction off allowances in order to avoid wind-
fall profits and to prevent the sort of investment retention
described in the box above, Y. Smeers would like to provide
additional allotments of free allowances to utilities which do
invest in new capacity (see also below the discussion on the
new entry reserve). While Neuhoff’s point is correct from a the-
oretical perspective, it is unlikely that complete auctioning will
ever find a majority in the real-world political economy of the
European Union, where Smeers proposal might be an imper-
fect remedy to an imperfect situation, in which carbon abate-
ment objectives need to be balanced with security of supply
considerations.9 In the end, politically sustainable compromise
solutions (partial auctioning without new entry reserves, for
instance) will need to be discussed and agreed upon. Ultimately,
the question is also whether the success of the EU ETS can be
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8. This is the issue of the “missing money” referred to both by K. Neuhoff and Y. Smeers. The
strategy of retaining investment may be necessary, because investors are unsure how to
finance the fixed cost of their peakload generators in a competitive market where prices fall to
marginal cost. However, once capacity is below the social optimum, prices may rise very high
indeed due to stable and inelastic demand. There exists thus a structural asymmetry of the
investment incentives for operators. If in doubt about future levels of optimal capacity, they
will always err on the side of caution.
9. While full auctioning is still a long-shot, it should be noted that the board of Europe’s largest
utility by market capitalization, EON, has come out in its favor in August 2007.
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judged solely in terms of carbon abatement or whether other
issues such as its contribution to the security of energy supplies
also needs to be considered.10

Lesson 3: The electricity market is not only the most
important driver for the carbon market, but also the market
most affected by carbon prices.

4. Flexibility over Space and Time-Linkage

There is a question to which extent the EU ETS should
develop in geographical and temporal isolation, i.e. to which
extent each phase should be linked to other trading system and
other phases. The theory is clear: the larger the geographical
area and the number of industries over which emission trading
applies and the farther the time-horizon over which it extends,
the lower will be the economic cost of emission trading. In other
words, the more fungible the emission allowances, the cheaper
they will be. The reason is simple. The essence of a trading sys-
tem is to minimize the economic cost of abatement by giving
firms with cost-efficient reduction opportunities an incentive to
do so and to let firms without reduction opportunities an option
to buy themselves out of their obligation. The further one
stretches this logic, the more advantages it will provide.

This point of view implies that the EU ETS should link up
as quickly as possible with the CDM and JI the trading mecha-
nisms instigated under the global Kyoto Protocol under the
United Nations Framework Convention on Climate Change
(UNFCCC). In addition, emission permits should be redeemable
(or “bankable”) in different years as well as in different phases
of the trading system (2005-2007, 2008-2012 and post-2012).

Yet, in practice matters are not that simple. Concerning
geographical transferability, the key issue is that differences
persist in the quality of the registered emission reductions. It
is, for instance, widely believed that emission reductions under
the EU ETS are adequately policed and thus fully worth the
nominal amount of the corresponding allowances that are sold

10. See also, in this issue, J.-P. Bouttes, J.-M. Trochet and F. Dassa, “Assessment of EU CO2
Regulations”.
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against them. Instead, there are doubts whether all emission
reductions under the CDM, which are validated by the CDM
Executive Board after verification by accredited audit compa-
nies, the Designated Operational Entities (DOEs), are worth,
one-to-one a European allowance.11

Experts estimate that on average abatement costs in
developing countries to be below those in industrial countries
(that is the philosophy behind the CDM). In principle CDM
emission credits would thus be cheaper than EU ETS credits.
The announcement of the European Commission end of
August to put in place a mechanism for linking the EU ETS
market with the CDM market thus lead to an immediate
sell-off in the EU ETS, although prices later recovered.

However, there is a distinct risk involved in such linking of
trading systems. A European company that cheaply buys credits
from a source outside the EU ETS runs the risk that the credits
thus acquired will not be fully redeemed in case that there are
problems with credit quality. The analogy with the trading of
financial credit is quite apposite. The problem is that credit
quality might be even more difficult to assess in young and
unproven carbon markets than in financial markets with well-
established informational infrastructures. Establishing those
infrastructures and putting in place insurance mechanisms in
case they fail is one of the tasks of a European “carbon gover-
nance” in the near future.

Flexibility through time faces similar obstacles. For
instance an emission allowance under EU ETS issued in 2005
can be kept (“banked”) until 2007 and re-sold. It will be worth-
less, however, in 2008. Again, the longer the timeframe for
banking, the better firms can spread their efforts through time
thus minimizing abatement cost. However, the political need
to reset national allocations at the beginning of each phase
precludes such malleability of abatement efforts over time.
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11. The CDM system came under stress recently due to the large amounts of profits gene-
rated by the very cost-efficient abatement in developing countries of a little known industrial
gas, HFC-23. The enormous global warming coefficient of HFC-23 (one tonne of HFC-23 is thus
to be equivalent in terms of its contribution to global warming to 20 000 tonnes of CO2)
makes its abatement extremely profitable. A further issue is that project-based CDM credits
(CERs) are issued against hypothetical “baselines”, a counterfactual assumption about alter-
native emission paths which inevitably demands a certain amount of judgment.
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There is one real-world issue that militates in favor of
extending the EU ETS, albeit on the EU’s terms –the issue of
“carbon leakage.” Carbon or electricity-intensive industries that
produce transportable goods (this would exclude power gener-
ation, but include steel, aluminum or cement production) face
higher production costs under the EU ETS than their competi-
tors from regions where CO2 can still be emitted costless. In
a first moment, this might lead to increased imports from
outside the EU. Given that these imports are probably
produced with more greenhouse gas emissions per unit of
output, this would drive up total global emissions. Worse, in a
second phase, European companies might decide to relocate
in countries without a carbon cap, taking jobs and value-added
with them.

In theory, there exists a relatively simple mechanism that
would prevent most of this re-structuring of production
patterns. The EU would need to impose on importers to buy
the carbon credits corresponding to the CO2 emitted during
the production of their goods on the EU ETS. While neat in
principle, the proposal faces vexing issues concerning meas-
urement of emissions in far-away exporting countries as well
as legal issues. Exporters would most certainly qualify the obli-
gation to buy carbon credits at the point of entry as a “border
tax adjustment,” i.e. an almost always forbidden import barrier
under WTO rules. The issue is further complicated by the fact
that current trade legislation under the World Trade Orga-
nization (WTO) is built around the notion of “like product,”
which implies that imported goods shall be judged only by
their intrinsic physical qualities, independent of their produc-
tion methods. At the same time, it will be unsustainable that
only a small number of countries provide the global public
good of greenhouse gas abatement while paying a double price
for it. There is a such new legal territory to be developed and
the quicker the EU, member countries and their WTO part-
ners put in the necessary resources, solutions can be devel-
oped that will maximize mutual benefits.

Lesson 4: “Technical issues” decide over prices and profits;
adequately formulated and prepared they need to be
decided politically.
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5. Allocation

On of the most important issue from a company point of
view is the allocation mechanism which decides the amount
of its profits. The key question is whether firms receive these
European Union Allowances (EUAs) for free on the basis of
their historic emissions (an arrangement also known as
“grandfathering”) or whether they have to pay for them by
bidding for them in an auction.

Auctioning would have the advantage of conformity with
the Polluter-Pays-Principle and thus guarantee the correct price
incentives to minimize abatement costs. It would, for instance,
make investment retention (see above) an unprofitable option,
given that keeping emissions high would not imply any right to
future allocations for free.12 Revenues from auctioning (much
like the auction of the UMTS broadband spectrum) would gen-
erate important revenues for governments, which could use
them to cut taxes on capital and labor thus giving a welcome
boost to the competitiveness of the European economy.

Conversely, giving out carbon permits for free has all the
disadvantages except one: it is consistent with the historic allo-
cation of property rights. This is a crucial point. Historically, the
right to emit CO2 into the atmosphere belonged to power com-
panies and industry, as well, in prolongation, to their customers
who could by carbon-intensive goods cheaply. Industry, govern-
ments, consumers and the general public were used to this
arrangement and structured themselves around it. Grand-
fathering, giving out allowances for free, respects this arran-
gement. In terms of political economy, free allocation guaran-
teed the feasibility of the EU ETS.

In hindsight, we may well say that the arrangement was a
suboptimal one. Carbon emitters used an input for free (the
earth’s absorptive capacity for greenhouse gas emissions) that
was actually scarce and had a cost. However, changing a
society-wide distributional arrangement on a massive scale
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12. Auctioning alone could, however, not substitute for the long-run visibility of the carbon
constraint. While short-term investment retention would be reduced (in the context of Phase II,
investments with a payback of five years or shorter), the question of investment into projects
with paybacks of longer than five years would not be addressed.
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bears risks. Electricity generation and heavy industry are only
recently weaning themselves off decades of public subsidiza-
tion and protection. Asking them immediately to pay fully for
their contribution to climate change might be a step to far.
Moving gradually over time along a transition path announced
in advance towards ever greater application of the Polluter-
Pays-Principle might instead be a solution.

The argument above applies in particularly sharp form to
the question of New Entry Reserves (NERs). Certain countries,
the most important among them Germany have reserved a cer-
tain amount of free allowances for new entrants into the car-
bon market, in particular in order to provide incentives for new
investment.13 Of course, this flies into the face of the intrinsic
logic of carbon trading to give new entrants every incentive to
invest in carbon-free generation capacity (Y. Smeers himself
calls his argument “bizarre”). However under the realities of the
European carbon market, the New Entry Reserve might well
provide a second-best solution in a second-best world. Again
transition paths towards situations more in tune with the fun-
damental principles of carbon trading or first best instruments
(such as forward capacity markets to provide investment incen-
tives) would be desirable.

In conclusion a word on taxes. Their great advantages are
three, (1) the infrastructure for collecting them exists, (2) their
amount, and thus economically speaking their cost to
producers is known with certainty in advance, an enormous
incentive for behavioral changes and (3) coupled to a “green
tax reform”, i.e. a budget-neutral reduction of other taxes,
could, much like auctioning contribute to lessen the burden
on capital and labor and enhance overall economic efficiency.
J.-P. Bouttes, J.-M. Trochet and F. Dassa also cite Weitzman’s
“Prices vs. Quantities” (1974) on the relative economic merits
of price- and quantity-setting instruments. From such an effi-
ciency standpoint a fiscal instrument, i.e. a carbon tax appears
much superior.
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13. Much along the argument provided by Y. Smeers in this issue.
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Box 2. Having the Best of Both Worlds in Phase I

The costs of CO2 abatement spread through the economic
system independently whether permits are free or auctioned. The
principle of opportunity cost implies that companies will integrate
the full price of scare and valuable carbon permits into their cost
calculations regardless of whether they have received them for free
or paid for them. The difference is that with auctioning the mone-
tized resource rent accrues to the government and with free alloca-
tion to permit holders. When emitters receive their permits for free
and thus receive part of their ancient implicit resource rent in expli-
citly monetized form, they should on the other hand forego part of
their resource rents through reductions in output –at least in theory.
However, in the confusing situation during Phase I, where we saw–
somewhat perversely from an economic point of view –both over-
allocation and significant carbon prices during almost two years,
permit recipients had the best of both worlds. This was due to a lack
of information and the inexperience of traders in the newly created
European carbon market. It is highly unlikely that this situation will
repeat itself. In fact, the learning we have seen in carbon markets has
contributed significantly to the cooling of the share price develop-
ment of power companies and other major permit recipients during
2007.

Free Permit Allocation in Theory
Optimal Allocation
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Monetized Output Reduction
Resource Rents
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What Europe’s industries needs is certainty about the costs
of climate change action. The mini-crash of May 2006 and the
haphazard meandering of the carbon price seem to indicate,
at least in the short term, that a cap and trade system has
difficulties providing such stable price incentives. In addition,
industry, experts and politicians are likely to have a relatively
good idea concerning the sustainable tax burden. On the envi-
ronmental (quantity) side instead, given the huge intrinsic
uncertainties involved in climate science, determining the
optimal amount of emissions reductions such as provided by the
present cap and trade system seems of far lesser importance.

Why then does Europe deprive itself of the many advan-
tages of a tax? Well, its two disadvantages are of at least equal
magnitude: (1) since the Commission lobbied unsuccessfully
for the creation of a European carbon-energy tax in the early
1990s the issue has been considered politically unpalatable,
(2) just like auctioning (with which taxes have indeed many
similarities –the biggest difference being long-run certainty
about the carbon price– a carbon tax raises very substantial
distributional issues in comparison with historical arrange-
ments, which, if not carefully addressed, will ensure that no
political coalition in its favor will ever be sustainable.

Lesson 5: The right to emit greenhouse gases is an economic
and financial asset; its distribution needs to be solved in the
context of a politically sustainable coalition.

6. Politics

The European Commission’s Directorate General for the
Environment that manages the EU ETS has been accused both
of being too centralized and dictatorial and of being too weak
in confronting member countries’ demands for more generous
quota allocations in the National Allocation Plans. It is a classic
case of too much and too little at the same time. Currently, it
seems politically unfeasible to work without the middle layer
of national governments between a top European layer and a
bottom local layer where single installations receive their
allotments of carbon permits.
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The involvement of the national governments lends credi-
bility to the EU ETS. On the other hand, it leads to distortions
between comparable installations in different member coun-
tries since breaking down the national emissions at the macro-
level to individual emissions on the company level is being
done according to different rules. Negotiating the NAPs for
Phase II between the member countries and the Commissions
has been an unsightly scramble, in which each country
threatens to stall the process if the Commission does not
accede to its demand. Latvia and Slovakia, for instance, have
both threatened legal action. The problem is, of course, as each
country tries to secure a maximum amount of allocations, the
final result may well be again over-allocation.

However, it would be wrong to portray the conflict in
terms of the “good” Commission vs. the rapacious Member
States. By dealing one-on-one with different Member States,
the Commission has created on opaque and bureaucratic
process, suspected of hidden horse-trading, the sort of process
that has given European Realpolitik a bad name. The task is
technically not easy. In his detailed analysis of Directive
2003/87/EC which established the EU ETS, Y. Smeers14 points
out the difficulty of defining baselines and targets on the base
of the following three parameters, (1) the reference year, (2)
GDP growth and (3) projected carbon efficiency improve-
ments. To give just one example for the period 2005-2007
shows how fragile such projections are. The explosion of gas
prices until summer 2006 gave producers incentives to switch
to coal, despite the EU Emission Trading System, whose
carbon price was never high enough to overcome the gas-coal
price differential.15 No model had predicted such a rise and it
is a testimony to the generosity of emission allotment that not
even a gas price of more than 15 euro/MMBtu (during winter
2006, up from 5 euro/MMBtu in early 2005) has been able to
stem the tide of surplus EUAs.
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14. See Y. Smeers in this issue.
15. In fact, in order to induce producers to switch from coal to gas and thus to reduce emis-
sions the price of an EUA would have needed to be at least 30 euros, even at times when gas
prices were low and coal prices relatively expensive. They would have needed to be way over
100 euros in winter 2006 to sway producers towards gas.

 
©   Ifri, 2008 
  

 ©
   

Ifr
i, 

20
08

 
 

 



 ©
   

Ifr
i, 

20
08

 
 

 

Despite these intrinsic difficulties, the distinct impression
is that the Commission could have done better. The
Commission’s own estimations of future emissions –which
are the basis for its decisions on the NAPs– were made in a
debonair, particularly obscure process without any systematic
communication with national research institutes.16 It is futile,
however, to point fingers at individual institutions or coun-
tries. What Europe needs is “carbon governance”, a politically
legitimized, coherent set of institutions that can organize,
oversee and validate the necessary research and the decisions
concerning the different aspects of the EU ETS, most impor-
tant among them the National Allocation Plans and the rules
for allocating EUAs among participating installations. Such
carbon governance is all the more necessary as EU leaders
seem to have taken the habit of announcing evermore strin-
gent emission reductions at their regular gatherings (having
arrived at a whopping 40% reduction of greenhouse gases
from 1990 levels if other countries join) without providing
themselves so far with the means to arrive there.

Lesson 6: Europe quickly needs “carbon governance”
to establish the rules of engagement between the Commission
and the Member States.

7. Whereto Now?

The EU ETS is entering Phase II much stronger than it
entered Phase I three years ago. Emission caps are much more
realistic and operators, traders and experts are much better
equipped to separate fact from fiction in their pricing
decisions. Also the Commission seems determined not let
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16. At the heart of the process is the PRIMES model run by the Technical University of Athens
under contract with the DG Energy. While PRIMES is probably the most complete and best
managed European energy and emissions model available, its interaction with national sources
of information (regarding such crucial inputs as technological structure of power generation
and industry, likely rates of efficiency improvements, policy initiatives under way, etc.) is
haphazard and should be organized in a single, transparent, Europe-wide process. Its results
should also be subjected to a validation process that gives member countries not necessarily
a right of veto but the right to inspect and comment. The financial stakes of the European car-
bon market are now too high to continue with a culture of inspired craftsmanship.
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itself be surprised by events. Witness the discussion about the
inclusion of the airline industry in the EU ETS by 2013 “or
earlier.” Given the fact that airlines will be allowed to buy addi-
tional emissions but not to sell them into the EU ETS, it seems
that the Commission has given itself an option to put upward
pressure on prices if need be, i.e. if the current situation with
prices below 10 centime/tonne should repeat itself.

The most important issue is, however, again the imperative
to provide some visibility for post-2012 to allow investments
that will durably reduce emissions to go forth. Operators can
live with uncertainty as long as it evolves in a band. They can-
not live with the radical uncertainty whether there will be a sig-
nificant price for carbon emission reductions in 2013. Bets are
on that there will be, but the odds are currently still too long for
private investors to go for market-based carbon-free technolo-
gies such as nuclear energy and renewables.

Short allocation periods are a disincentive for carbon effi-
ciency improvements. The statistics could not be clearer on
this point. During the period 1995-2000, the annual carbon
intensity improvement in the EU-15 was 2.3 per cent.17 During
the period 2000-2005, when it was clear that a European
Emission Trading System was underway, the annual carbon
intensity improvement fell to 0.5 per cent, in other words
ground to a standstill. There is no secret here. Any producer
reducing emissions would have deprived himself of valuable
allocations (see also the discussion above). As long as the allo-
cation cycle is repeated, they will continue to postpone at
least some amount of carbon-reducing investment (see also
J.-P. Bouttes, J.-M. Trochet and F. Dassa on this point).18
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17. In all fairness, the 1995-2000 figure should probably not be considered a baseline. It
includes the benefits from one-off developments such as the United Kingdom’s “dash for gas”
in its newly liberalized power market and Germany’s restructuring of the highly inefficient East
German power plants after unification.
18. This said, the period 2008-2012 is already considerably longer than the initial period
2005-2007. In addition to the experience gained during Phase I (which should reduce costs)
there is now a somewhat larger incentive to reduce emissions. Clearly, this incentive is not
nearly as large as it could be. However, due to the slightly longer allocation period, lower costs
and, most importantly, stakeholder pressure, we do expect a pickup of the annual rate of car-
bon intensity improvements. The 2 per cent figure circulated by the Commission is possibly not
a bad central estimate.
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The issue is not so much free allocations vs. auctions. The
issue is the length of the allocation period. Ideally, that length
of allocation should be one capacity cycle, i.e. around 40 years,
the lifetime of an electric power plant. One should not forget
that the US SO2 trading system that is widely considered a
success provided free allowances for 30 years. The single most
important action of EU policymakers can undertake now is to
decrease uncertainty about the value of carbon emission
allowances post-2012. It also needs to firm up the grand
announcements of 20, 30 and 40% reductions from 1990-
levels. These announcements are useful first steps but hardly
sufficient. Each year that passes without a credible game-plan
how to get from here to there reduces the incentive to invest
and to make the announcement a reality.19

That said, the 2005-2007 trial phase of the EU ETS is far
less of a failure than of its opponents are wont to have it. The
market works. The informational and transactional infrastruc-
ture is beginning to develop. The market for Phase II is vibrant
with solid activity and price movements that for the time
being do not look irrational, although we are certainly not at
the end of surprises, given the remaining fragility of their link
with economic and technical fundamentals.

Perhaps more importantly, the EU ETS is a political
success. Given the accumulating evidence for man-made
climate change, others are looking to Europe for its leadership
in this area. Not only the UNFCCC, but also the United States,
in particular California and the North Eastern states, are
looking at the EU ETS, either to learn from its successes and
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19. As shown by the following back-of-the-envelope calculation, a 30 per cent reduction in
greenhouse gas emissions from 1990 levels by 2020 would require a radical restructuring of
the way Europe uses energy. Europe emits roughly as much greenhouse gases today as it did
in 1990. This leaves 12 years to achieve the objective of reducing emissions by 30 per cent.
One may assume annual carbon efficiency improvements to be 1 per cent above economic
growth (say 3.5 per cent and 2.5 per cent), which is better than what Europe has seen so far.
Technological and structural improvements would thus only yield a 12 per cent reduction in
absolute emissions by 2020. This means almost 20 per cent of emission reductions would
need to come from reductions in the consumption of goods whose production emits carbon
(electricity, travel, cement, steel, aluminum, etc.). Substantial rises in the price of electricity
will perhaps take care of 5 to 10% of the gap. The remaining 10% are unaccounted for. This is not
to say it cannot be done, but that it would require changes of a magnitude impossible to
achieve without very strong and careful political, technical and economic preparation.

 
©   Ifri, 2008 
  

 ©
   

Ifr
i, 

20
08

 
 

 



 ©
   

Ifr
i, 

20
08

 
 

 

mistakes, or to link up with it outright. And let us be frank.
Despite all the theoretical advantages of taxes, there will not
be a global carbon tax for many years to come. Emissions
trading, in form of the CDM or other, is the only workable
system to bring Least Developed Countries (LDCs) on board to
generate global reductions on a meaningful scale. The EU ETS
has passed its trial phase not with flying colors, but solidly,
receiving some cuts and bruises in the process. The debate on
its pertinence and legitimacy is now over. The task now is not
to loose focus, to create the institutional structures for
European carbon governance, to set in place a long-term vision
for the allocation process and, most importantly, provide long-
term visibility about the stringency of the Europe-wide carbon
cap.20

Lesson 7: Create visibility for post-2012 and extend
the allocation period to the length of one capacity cycle
(at least 30 years).

156 A b at e m e n t o f C O 2 E m i s s i o n s i n t h e E u r o p e a n U n i o n

20. The stringency of the total emissions cap and the allocation mechanism, although
frequently confused, are very distinct issues. While both affect the profitability of
participating companies, they do so in very different ways. Whether firms receive their quotas
for free or need to buy them is a question of distribution (it decides whether quota holders or
the government will be the recipient of resource rents). While undoubtedly of interest to the
firms and its shareholders, the question has no bearing on the firms’ investment decisions.
Instead, the question of the stringency and the long-term visibility of the overall carbon cap
decides on the relative price between carbon-intensive (e.g. coal) forms of generation and
carbon-free (nuclear, renewables) generation as well as on the price of electricity. This is why
the question of the stringency, visibility and long-term credibility of the overall cap needs to
be solved as quickly as possible. In a first step, the Commission could even go so far as to
announce an implicit floor of say 10 euro/tonne for post-2012. There is much less pressure
to come to a fast and definite result concerning allocation.
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